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Preface
The international conference Traffic Safety on Three Continents in Moscow,
19–21 September 2001, was organised jointly by the Swedish National Road and
Transport Research Institute (VTI), the State Scientific and Research Institute of
Motor Transport in Moscow (NIIAT), U.S. Transportation Research Board
(TRB), the South African Council for Scientific Industrial Research (CSIR),
South Africa, and Forum of European Road Safety Research Institutes (FERSI).
The Moscow conference was the 12th in this conference series. Earlier annual
conferences have been held in Sweden, Germany, France, the United Kingdom,
the Netherlands, Czech Republic, Portugal and South Africa.
Conference sessions covered a number of road traffic safety issues:
- Advanced road safety technology
- Road safety audits
- Policy and programmes
- Traffic engineering
- Vulnerable and old road users
- Alcohol, drugs and enforcement
- Human performance and education
- Behaviour and attention
- Data and models
- Cost and environment
- Speed and speed management
Linköping in November 2001
Kenneth Asp
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Introduction
In 1998, more than 1,600 people were killed and 11,000 injured in road accidents in Ghana.
But not all accidents and injuries are registered and the actual numbers could be more. The
total costs due to accidents are estimated to be at least USD 300 million every year - and
increasing.
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Figure 1. Development in Road Fatalities in Ghana 1998-2000

Road accidents occur as a result of several contributory accident factors and effective road
safety plans involves joint efforts by many different stakeholders. The Government of Ghana
acting through the Ministry of Transport and Communications has therefore established a
National Road Safety Commission (NRSC) to develop, promote and coordinate the National
Road Safety Strategy. The National Road Safety Strategy will be the main thread for NRSC’s
performance in the 5-year period 2001-2005. The purpose of the strategy is to break the
upward trend in road accidents and create a basis for concrete, sustainable accident reduction
towards 2010. The overall target is a 5% reduction in road fatalities from 1998 as the base
year to 2005 and a further 15% reduction before the end of 2010; thereby Ghana can achieve
the overall African road safety target of 20% reduction by 2010. The targets correspond to a
decrease from 1,600 fatalities in 1998 to 1,520 in 2005. The target for 2010 is 1,280 fatalities.
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Figure 2. Road Safety Objectives for 2005 and 2010 in Ghana
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Stakeholders
The NRSC has identified seven major public road safety stakeholders who will be the
mainstays for the implementation of the strategy. These are:
• The National Road Safety Commission and its Secretariat (NRSC);
• The Building and Road Research Institute (BRRI);
• The Driver and Vehicle Licensing Authority (DVLA);
• The Ghana Police Service Motor Transport and Traffic Unit (MTTU);
• The Ghana Highways Authority (GHA);
• The Department of Urban Roads (DUR);
• The Department of Feeder Roads (DFR).
The stakeholders’ weaknesses and strengths have been analysed. Some of the weaknesses are
lack of specific budgets and guaranteed funding for road safety activities, and that most staffs
assigned to road safety activities are not dedicated to road safety and spend much time on
other tasks. Existing accident data are too old, the police have insufficient accident reporting
routines, and there is no uniform command in the traffic police, which makes coordinated
enforcement difficult. Also, despite that up to 80% of the victims who are declared dead on
arrival at hospital die on the way to hospital, Ghana lacks a national emergency service to
ensure first-aid and transport to hospitals for all accident victims. Finally, the rapidly
increasing traffic is a threat for the set road safety targets. It will be an integrated and
challenging part of the strategy to overcome these weaknesses.
Fortunately, the stakeholders are strong on other areas:
• The National Road Safety Commission (NRSC) has a work programme for the next 5
years and the NRSC Secretariat is preparing for its role as coordinator and facilitator
and for national campaigns and education;
• Ghana Road Fund, which is responsible for vehicle tax funding of road maintenance,
has initiated allocation of funds to road safety;
• The Global Road Safety Partnership has chosen Ghana as one of its focus countries
and has established a local organisation in Ghana. It will be the overall coordinating
entity for NGO’s working with road safety in Ghana and a strong partner for the
NRSC;
• The major road departments are establishing road safety units and have obtained initial
donor support for the development of road safety procedures;
• Accident reporting procedures exists within the police and a road safety research unit
at BRRI is able to compile and analyse the data;
• New driver education and licensing procedures are well under way with donor support
and the Driver and Vehicle Licensing Authority is being strengthened to implement
and maintain the new procedures;
• Shell and Mobil have introduced a driver training and testing facility, which has
brought the accident toll for its drivers down from 19 fatalities annually to zero. Other
companies with heavy vehicle fleets on the road will now be encouraged to follow
their example.
Finally, past road safety projects have shown that Ghanaian institutions are able to work
dedicated with road safety. Some of staffs trained earlier are still active and available for
coming road safety activities. Moreover, some of the training materials and manuals
developed earlier can be used again.
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The NRSC has also identified other stakeholders from the public and the private sectors who
can contribute to better road safety. Among these are the Transport Coordinating Council and
the oil marketing companies. Private companies have in the past supported funding of road
safety campaigns and education of school children. Shell and Mobil have successfully
demonstrated that road safety training of drivers can contribute to reduced accident costs for
the companies. The NRSC will therefore further strengthen the cooperation with the private
sector and support their initiatives fully.
Focus Areas
Based on an analysis of accident data from 1996, which is the latest year from which data is
available for the entire country, six major road safety problems have been selected as focus
areas for the strategy:
• Accident black spots in urban areas and villages;
• Pedestrians;
• Children;
• Professional drivers;
• Speeding;
• Drunken driving.
The reason for selecting the above focus areas will be stated in the following.
Urban Areas
85% of the accidents in Ghana are concentrated around the Capitol Accra. These most
accident-prone areas comprise the five regions Ashanti, Central, Eastern, Western and Greater
Accra.

Accidents are
concentrated
around Accra
Data: 1996
Source: BRRI

Figure 3. Accidents cluster in urban areas around the Capitol

Moreover, 77% of the fatalities in 1996 occurred in urban areas, including highways passing
through villages.
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Figure 4. Fatalities on urban and rural roads

The accidents are concentrated on the arterial roads leading to Accra, where the highways
pass through village settlements and cities. The coastal road and the Accra-Kumasi road are
especially problematic. These roads and built-up areas will get special attention in the coming
years.
Road user groups
Minibus (or “Tro-Tro”) occupants account for the majority of the injuries, whereas
pedestrians represent the vast majority of the fatalities. Together, minibus passengers and
pedestrians constitute the most frequent accident victim groups, representing 62% of all
injuries and fatalities. The remainder is distributed among drivers and occupants of cars and
trucks and motorcycle riders.
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Figure 5. Injuries and road user groups

The picture changes dramatically if we look at fatalities alone.
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Figure 6. Fatalities and road user groups

Fatalities with pedestrians account for almost half of the fatalities. Minibus passengers are the
second biggest group, followed by car and truck occupants. Again, bicyclists and motorcycle
riders represent smaller numbers because they are less common means of transport, but they
are vulnerable and exposed road users with a very high accident risk.
It is obvious that pedestrians are more vulnerable in case of an accident and suffer more
severe injuries than other road user groups. Measures that can improve the safety for
pedestrians will therefore have a high priority in the years to come. Secondly, minibus drivers
and other professional drivers will be an important target group for education and campaign
activities. They drive heavy and potentially dangerous vehicles and have a responsibility for
passengers and goods every day, and the accident statistics indicate that there is an urgent
need to train this driver group.
Age
The distribution of injuries with respect to age groups reflects the age groups that are most
active and mobile, the late teenage years to the mid-forties. These people are in the prime of
their life, breadwinners, whose sudden absence or disability due to accidents has serious
consequences for an entire family.
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Figure 7. Injuries and age
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Children, although they represent a relatively small road user group, have an alarmingly high
fatality rate.
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Figure 8. Fatalities and age

Children most often transport themselves by walking. But their senses and capabilities are not
fully developed and they have difficulties assessing speeds and perceiving dangerous
situations. Moreover, their physique makes them extremely vulnerable in case of a collision
with a vehicle, whereas adult pedestrians have a greater chance of survival due to their height
and stronger physique. Education of children and safer roads to school are therefore important
focus areas in the strategy.
Over-speeding
With regard to speed, lack of knowledge about and disrespect for speed limits is a widespread
phenomenon in Ghana. Also, proper signing and speed reducing measures are rare. Speeding
is a problem both on highways and in urban areas and is considered a major contributory
accident factor in Ghana. It is a fact that the breaking length increases with the square of the
speed. Speeding therefore gives the driver less time to react in a critical situation and the
impact is much more serious when things goes wrong. The connection between speed and
accidents is well documented worldwide and there is great potential for accident savings here.
Drunken Driving
Alcohol blunts the senses and reduces the reaction time considerably, hereby increasing the
risk of accident dramatically. A study from 1998 (Mock, Asiamah, Amagashie) revealed that
drunken driving might be a major contributory accident factor in Ghana.
Of 722 randomly-tested weekend drivers:
• 11% were intoxicated;
• 3% of the bus drivers were intoxicated;
• 8% of the truck drivers were intoxicated;
• 54% of all drunk drivers were coming from a funeral; 40% were habitual drinkers;
• Drunk driving was more common among illiterate, middle-aged drivers.
Drunken driving, or intoxication, is here defined as Blood Alcohol Concentration (BAC) > 80
mg/dl. As a comparison, the percentage of drunken drivers in Denmark and France is 0.4%
and 3.4% respectively.
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There is little doubt that this is a contributory accident factor in Ghana. The findings from the
earlier study points at target groups for campaigns, education, and enforcement activities in
the years to come.
Driving without proper training and drivers license
Many minibus and truck drivers struggle every day to make a living. They work hour on hour
and pay little consideration to their need for sleep, proper meals, water and their health in
general. This leads to exhaustion and fatigue, which reduces the driver’s capabilities
considerably. The drivers are not allowed to work more than 8 hours running, but they often
work for 12. Moreover, some drivers practically buy their license without further training or
testing, or simply start driving a minibus without even attempting to get a license. Their lack
of training and understanding of rules and risks pose a danger to their passengers, their goods,
and to other road users every day. As a result, overloading and over-speeding is a common
phenomenon among professional drivers. Moreover, a study performed by an ophthalmologist
at Korle Bu Eye Clinic revealed that out of 798 screened drivers, 184 needed to wear glasses
in order to drive, 45 had cataracts, and 65 had glaucoma and therefore should not be allowed
to drive. This means that 37% of the drivers that were screened had impaired vision.
Road conditions
The improvement of roads and highways is an indispensable part of the National Road Safety
Strategy. Road improvements can improve road safety locally quickly and effectively when
the right measures are used. Presently, the problems that have to be addressed are:
• Inappropriate speed limits;
• Inappropriate road characteristics through build-up areas;
• Poor alignment standards and visual guidance;
• Poor maintenance of pavements;
• Steep shoulders and ditches;
• Hard objects in the roadside;
• Uncontrolled access roads;
• Narrow carriageways.
The strategy will first of all deal with the most serious accident black spots and demands for
traffic calming in build-up areas. Secondly, accident-prone routes will be treated section wise.
Objectives and Outputs
The Logical Framework Approach (LFA) was used to describe the strategy’s objectives,
outputs (concrete results), activities and resources. The LFA-methodology also implies the
definition of key performance indicators to measure and evaluate the progress of the
activities.
Consequently, each of the seven major stakeholders have identified:
• Their long term objectives for road safety;
• Their objectives for year 2005;
• The outputs they need to produce in order to obtain the objectives up to the year 2005;
• The activities they need to perform to achieve the outputs;
• The resources they require for producing the outputs.
The NRSC Secretariat will measure the overall progress of the strategy and facilitate the
provision of the needed resources and institutional support.
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The countermeasures to improve safety within the six focus areas are first of all education,
enforcement, and engineering measures.

FOCUS AREA

Education

Enforcement

Engineering
Improvement of
accident-prone spots
(black spots)
Better road side facilities
for pedestrians, safer
crossing points
Traffic calming on roads
nearby schools, safer
crossing points

Black spots

-

Police enforcement on
accident-prone highways

Pedestrians

Awareness campaigns in
the media

-

Children

Professional drivers

Speeding

Drunken driving

Responsible
MAIN (contributory)

Nationwide road safety
education for school
children aged 8-9, 12-13
Formalised driver
training programmes,
company action plans
Campaigns against
speeding in the media
Campaigns against
drunken driving in the
media
NRSC (DVLA)

Vehicle condition and
overloading control
Systematic enforcement
with speed radars on
accident-prone highways
Systematic enforcement
with breathalysers on
accident-prone highways
MTTU (DVLA, GHA)

Speed reducing
measures on highways
through villages
-

GHA, DUR, DFR

Moreover, to increase the chance of survival and recovery for accidents victims, emergency
services has been included in the shape of first aid training and development of a public
emergency service. The NRSC has subsequently defined three levels of implementation in
order to ensure that the most important outputs are produced first:
• Level 1 – USD 6 million - the most urgent and feasible level, which must be fulfilled
before the end of 2005. It ensures funding for education and campaigns combined with
police enforcement. Level 1 also comprises institutional building in the stakeholders’
organisations, and pilot schemes for road and emergency service improvements;
• Level 2 – USD 8 million - comprises implementation of road improvements and
vehicle inspection measures in a larger scale. Moreover, level 2 further strengthens
road safety in institutions that are already in progress with road safety activities.
• Level 3 – USD 14 million - comprises mainly large-scale implementation of black
spot improvements, route action plans, traffic calming projects, and major investments
in equipment. Level 3 is very ambitious and requires political will and thoroughgoing
changes in the road authorities prioritisation of budgets for maintenance and
construction. An increase in taxes on fuel and imported vehicles for Ghana Road Fund
may also be considered to provide the necessary funds.
Appendix 1 summarises the objectives and outputs for the major stakeholders.
From Strategy to Action
The total cost of the strategy is USD 28 million, covering the implementation of all 3 levels.
This is a very ambitious budget but necessary if the target must be fulfilled. It is most likely
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that funding will be obtained stepwise in the years to come, and from different sources. It is
the hope that the strategy will make it easier for national and international sources to get an
overview of potential road safety projects and to choose appropriate projects that are in line
with the objectives of the National Road Safety Commission.
The potential savings if the target is fulfilled will be USD 18 million per year in 2005,
mounting up to more than USD 70 million per year in 2010. The accumulated savings, due to
reduced accident costs for the Ghanaian society, will then be USD 45 million in the period
2001-2005 and minimum USD 260 million in the entire period 2001-2010. The strategy is
therefore a very cost-effective investment.
A new national road safety strategy for 2006-2010 will be prepared by the NRSC in 2005 to
ensure that the efforts are sustained and – if necessary - increased towards 2010.
NATIONAL ROAD SAFETY STRATEGY
Development objectives
• Safe and secure road transport for general economic development and increased welfare
of the Ghanaian society.

Long-term and Year 2005-objectives
• 20% reduction in road fatalities from 1998 to 2010
• 5% reduction in road fatalities from 1998 to 2005

Outputs by 2005
• A strong National Road Safety Commission and Secretariat
> Increasing the funding for road safety initiatives;
> Focusing road safety efforts on the most important road safety challenges;
> Promoting road safety awareness in the private sector;
> Coordinating and monitoring road safety initiatives;
> Evaluating the efforts and improving them continuously
• Nationwide road safety education of school children
• Increased awareness among new drivers, professional drivers and general public
• Better accident data
• Dedicated and systematic police enforcement
• Road safety units in stakeholder organisations
• Safer roads

Resources needed
• USD 28 million
• Sufficient and dedicated personnel among stakeholders
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RELATIONSHIPS BETWEEN ACCIDENTS AND GEOMETRIC
CHARACTERISTICS FOR FOUR LANES MEDIAN SEPARATED
ROADS

C. Caliendo (*), R. Lamberti (*)
(*) Department of Civil Engineering, University of Salerno
(**) Department of Transportation Engineering, University of Naples

The effects of geometric characteristics on the accidents of the A3 Naples-Salerno, which is
among the riskiest motorway in Campania (Italy), are reported in this paper. For the purpose, all the
accidents which occurred during a twenty month period (August 1998 - March 2000) from Km 5+00
to Km 55+00 (for a section of 50.0 km) have been examined. All the information on the accidents
were taken from the Road Police reports, while the horizontal and vertical alignments were obtained
from the road plan.
The study was carried out by the univariate analysis therefore the accident data were related to
the following single variables: length of tangents, radii of circular curves( R ), longitudinal grade(± i),
change in operating speeds between two consecutive geometric elements having constant curvature
(∆V) and sight distance. Therefore relationships between these geometric parameters and the
accidents which occurred on the motorway studied, that is a four-lanes median-separated road, have
been developed.
The accident data have also been related to the pavement surface conditions, so relationships to
the Side Friction Coefficient (CAT) and macro-texture (HS) have been developed too.

1. Introduction
Since road safety is a primary consideration in relation to the high social cost of accidents, in Italy
road accidents cause 6500 deaths and 260000 injuries per year with a cost of 12500 million of ECU
[1], the studies having the aim of determining the effects of different components on accidents remain
a matter of continuing interest.
Road safety depends mainly on the relationships among three components: human factors
(perception of information of the road characteristics, driving behaviour and psychophysical
capabilities); vehicle (performance and tyre-road interaction); environment (horizontal and vertical
alignment, sight distance, pavement conditions, safety barriers, signals and lighting).
Connected to the objectives aimed at improving road safety, there are numerous research studying
the parameters above mentioned; in order to individuate some of their combinations to which a higher
responsibility on the accidents can be attributed [2-8]. A lot of accident data are required to achieve
this purpose; furthermore there is a need to first of all understand the dynamic of the accidents and
then to weigh the causes, to formulate hypothesis on the relations among the parameters that are
involved and to estimate the consequences. Estimation of the combined effects on the safety of the
simultaneous three component (driver, vehicle, environment) is therefore rather difficult. However
among these, the road represents one of the most important factors.
The aim of this paper is to provide a contribution in the evaluation of the effects of main
geometric characteristics and pavement conditions on accidents for four-lane median-separated roads.
For the purpose all the accidents which occurred during a twenty month period (from August 1998
to March 2000) on the A3 Naples–Salerno, which is among the riskiest motorway in Campania

(Italy), from Km 5+00 to km55+00 (for a road section of 50 Km) have been examined. To achieve the
aim all the information both on the accidents and on the weather, taken from the Road Police reports,
have been collected. The horizontal and vertical alignments of the studied road section were obtained
from the road plan.
The accident data were connected to the main geometric variables such as: length of tangents,
radii of circular curves, longitudinal grade, sight distance, change in operating speeds between two
consecutive elements having constant curvature.
The accident data were furthermore related to the surface pavement conditions specified by
means of CAT (Side Friction Coefficient) and HS ( macro-texture).
The analysis has been carried out regarding the variables separated, and showing that as their
values change the accidents increase or decrease.
The results provide interesting engineering judgements aimed at reducing the number of accidents
on the four lanes median-separated roads.

2. Methodology of Study
To achieve the aim indicated in the introduction all the accidents which occurred during a twenty
month period on the Naples-Salerno motorway were examined. The total number of accidents
surveyed in this period were 800; of which, after a detailed analysis of the Road Police reports, only
572 accidents can be attributed to the road geometric characteristics far away from the intersections.
The accident data, as already mentioned, were related to horizontal and vertical alignments
(length of tangents, radii of circular curves ( R ) and longitudinal grade (± i). Because the road safety
on a circular curve is influenced not only by the curve's radius, but also by both the geometry of
adjacent segments and by the length of road ahead visible to the driver, the accidents were related to
change in operating speeds between two consecutive geometric elements (∆V) and to sight distance
too.
In addition to geometric characteristics pavement surface conditions also have safety implications,
therefore accidents were associated with Side Fiction Coefficient (CAT) and macro-texture (HS) too.
In the analysis every geometric element category has been grouped in classes which have an
appropriate range. The accidents which occurred on the geometric elements, belonging to each class,
have been summed and then divided by the number of the elements themselves contained in the class,
yielding so an average number of accidents. This average number of accidents has then been related
to the central point of each class.
The results obtained are contained in figures that with their co-ordinates individuate the average
number of accidents (vertical axis) and the central point of each class (horizontal axis). The relative
curves give a graphical representation of the regression and R2 is its coefficient of correlation.

3. Horizontal-Vertical Alignments of the Naples-Salerno Motorway
The A3 motorway that links up the two towns of Naples and Salerno is a type III according to the
standards of the Italian Research Council (CNR/80) [9], with a design speed range V = 80÷100Km/h.
The cross section is a four–lanes median-separated road with the width of each lane of 3.5m,
shoulders of 1.5 m and median of 1.10m (18.60m for total cross section). A longitudinal steel barrier
in the centre of median is also contained.
In the horizontal alignment there are tangents (lengths from 62 m to 4503 m) and circular curves
(radii from 208 to 2573 m) without transition curves. In the vertical alignment there are gradients
from 0 to 5.2% and circular vertical curves.
The geometric characteristics and the number of accidents which occurred during the above
mentioned period on each element having a constant curvature (tangent or circular curve) both on the
North carriageway (direction Naples) and on the South carriageway (direction Salerno) are contained
in table 1. In the last column of this table is also the total number of accidents which occurred on the
two directions.

Tab.1- Horizontal Geometric Characteristics of the Naples-Salerno Motorway (from Km 5+00 to km 55+00) and Accidents which
Occurred (from August 1998 to March 2000)

From km
5
5,984
6,769
8,5
9,125
9,454
9,899
11,876
12,331
13
13,329
13,707
13,968
18,471
18,722
19,099
19,402
21,924
22,206
22,434
22,954
24,581
24,88
25,66
25,981
26,717
26,96
29,117
29,26
29,8
30,125
30,4
31,4
31,85
32,4
34,736
34,95
35,077
35,246
35,9
36,35
37,1
37,455
39,145
39,493
40,597
40,964
41,488
41,89
42,014

To km
5,984
6,769
8,5
9,125
9,454
9,899
11,876
12,331
13
13,329
13,707
13,968
18,471
18,722
19,099
19,402
21,924
22,206
22,434
22,954
24,581
24,88
25,66
25,981
26,717
26,96
29,117
29,26
29,8
30,125
30,4
31,4
31,85
32,4
34,736
34,95
35,077
35,246
35,9
36,35
37,1
37,455
39,145
39,493
40,597
40,964
41,488
41,89
42,014
42,213

T
C
T
C
T
C
T
C
T
C
T
C
T
C
T
C
T
C
T
C
T
C
T
C
T
C
T
C
T
C
T
C
T
C
T
C
T
C
T
C
T
C
T
C
T
C
T
C
T
C

Acc.
Acc. Tot.
R(m) L (m) NA-SA SA-NA Acc.
∞
984
6
13
19
2040
785
5
12
17
∞
1731
12
24
36
2573
625
6
12
18
∞
329
0
2
2
2495
445
0
4
4
∞
1977
26
22
48
1161
455
1
1
2
∞
669
2
1
3
1111
329
2
1
3
∞
378
2
1
3
475
261
3
3
6
∞
4503
34
27
61
660
251
1
3
4
∞
377
4
0
4
632
303
3
0
3
∞
2522
25
13
38
398
282
6
13
19
∞
228
0
2
2
452
520
9
2
11
∞
1627
4
10
14
898
299
0
1
1
∞
780
3
13
16
350
321
0
1
1
∞
736
2
5
7
1000
243
0
1
1
∞
2157
6
6
12
800
143
0
2
2
∞
540
4
2
6
1666
325
0
7
7
∞
275
0
1
1
1000 1000
0
1
1
∞
450
0
4
4
1000
550
3
4
7
∞
2336
11
7
18
435
214
2
2
4
∞
127
0
0
0
413
169
0
0
0
∞
654
2
3
5
637
450
10
3
13
∞
750
7
7
14
493
355
0
0
0
∞
1690
4
1
5
830
348
3
1
4
∞
1104
7
8
15
950
367
0
1
1
∞
524
0
10
10
835
402
0
1
1
∞
124
0
2
2
460
199
0
0
0

T = tangent
C = circular curve
L(m) = length of geometric element
R(m) = radius of curve
Acc. NA-SA = accidents which occurred on the South
carriageway (direction Naples)
Acc. SA-NA = accidents which occurred on the North
carriageway (direction Salerno)
Acc. Tot. = total accidents which occurred on the two directions

From km
42,213
42,804
43,082
43,214
43,672
44,721
44,82
44,981
45,225
45,495
45,614
45,712
45,925
46,179
46,307
46,845
46,975
47,089
47,286
47,486
47,7
47,954
48,09
48,3
48,518
48,7
49,317
49,379
49,625
49,769
49,904
50
50,142
50,56
50,665
50,775
50,956
51,138
51,713
51,925
52
52,245
52,466
53,182
53,278
53,609
53,85
54,033
54,17
54,334
54,787

to km
42,804
43,082
43,214
43,672
44,721
44,82
44,981
45,225
45,495
45,614
45,712
45,925
46,179
46,307
46,845
46,975
47,089
47,286
47,486
47,7
47,954
48,09
48,3
48,518
48,7
49,317
49,379
49,625
49,769
49,904
50
50,142
50,56
50,665
50,775
50,956
51,138
51,713
51,925
52
52,245
52,466
53,182
53,278
53,609
53,85
54,033
54,17
54,334
54,787
55
Total

T
C
T
C
T
C
C
C
T
C
T
C
T
C
C
T
C
C
T
C
C
T
C
T
C
C
T
C
T
C
T
C
T
C
C
T
C
T
C
T
C
T
C
T
C
T
C
T
C
T
C

R(m)
∞
630
∞
587
∞
319
∞
1387
∞
300
∞
211
∞
380
460
∞
208
397
∞
295
240
∞
322
∞
265
220
∞
218
∞
327
∞
283
∞
750
510
∞
500
∞
475
∞
304
∞
415
∞
302
∞
446
∞
337
∞
530

Acc.
Acc. Tot.
L(m) NA-SA SA-NA Acc.
591
1
2
3
278
4
6
10
132
0
0
0
458
1
0
1
1049
1
2
3
99
0
1
1
161
0
0
0
244
0
1
1
270
1
2
3
119
3
2
5
98
1
1
2
213
1
0
1
254
1
1
2
128
0
0
0
538
0
5
5
130
0
0
0
114
1
0
1
197
1
1
2
200
2
10
12
214
1
7
8
254
1
2
3
136
1
0
1
210
1
3
4
218
1
2
3
182
0
0
0
617
2
2
4
62
0
0
0
246
2
4
6
144
0
0
0
135
1
0
1
96
0
0
0
142
0
0
0
418
2
1
3
105
0
0
0
110
0
0
0
181
0
0
0
182
2
1
3
575
7
2
9
212
0
0
0
75
0
0
0
245
0
0
0
221
0
0
0
716
0
0
0
96
0
0
0
331
0
0
0
241
0
0
0
183
0
0
0
137
0
0
0
164
0
0
0
453
0
0
0
213
0
0
0
50000 254
318 572

3. Accident Rates
Table 2 contains the accident rates (accidents/108 vehicle kilometre) for a single carriageway and
for the whole motorway, the accident rates in relation to tangents and curves are then reported.
The average daily traffic (TGM) used in analysis was obtained from in situ traffic surveys. During
the period studied (from August 1998 to March 2000, then per 609 days) the TGM values were
considered constant and equal to 73.343 vehicles/day.

North carriageway (SA-NA)
South carriageway Sud (NA-SA)
Both the carriageways
North carriageway (SA-NA)
South carriageway d (NA-SA)
Both the carriageways
Both the carriageways

Tab.2 - Accident Rates (accidents/108 vehicle kilometre)
Geometric
Accidents
Traffic for
Length (km)
elements
carriageway
Tangents+curves
318
(73.343 / 2)*609
50
Tangents+curves
254
"
50
Tangents+curves
572
"
2*50
Tangents
207
"
33.51
Curves
111
"
16.49
Tangents
179
"
33.51
Curves
75
"
16.49
Tangents
207+179=386
"
2* 33.51
Curves
111+75=186
"
2*16.49

Acc./108
Vehicle.km
28.4
22.7
25.6
27.6
30.1
23.9
20.3
25.7
25.2

This table shows that the accident rate on the North carriageway is higher than on the South one
(28.4 accidents/108 vehicle kilometre instead of 22.7 accidents/108 vehicle kilometre), having an
increase of 25%. The average accident rate on the two directions is of 25.6 accidents/108 vehicle
kilometre.
On the North carriageways, the accident rates of the tangents is higher than that of the curves (30
accidents/108 vehicle kilometre against 27.6 accidents/108 vehicle kilometre), the opposite happens on
the South carriageway. In relation to the two directions there is no difference between the accident
rate of the tangents and the circular curves.
As can be seen the accident rate of the road studied (25.6 accidents/108 vehicle kilometre) is lower
than those generally contained in current international literature. This is due to the fact that in Italy
only the accidents which cause heavy consequences are surveyed and recorded by the Road Police.
This is generally done, by an ordinary network, only when there are fatalities, injuries and/or the
vehicle is very much damaged. Therefore the number of accidents used in the analysis is only a small
part of the accidents which in reality occurred. The accidents which have not been surveyed remain
only in the mind of the drivers that unluckily collided and/or in the archives of insurance agencies.

4. Relationships between Accidents and Geometric Characteristics
4.1 Accidents-Length of Tangents
The total number of accidents that can be attributed to tangents is 386 of which 207 accidents
occurred on the North carriageway and 179 on the South carriageway.
For each carriageway, the analysis was carried out following the approach above mentioned:
tangents have been considered in growing order according to their length and they have been grouped
in classes which have ranges of 50 m. The accidents surveyed for each tangent, belonging to each
class, have been summed and then divided by the number of tangents contained in that class, yielding
so an average number of accidents for each class. To this value then an average length of tangents has
been associated, which was individuated in the central point of each class.
Figures 1 and 2 individuate, with their co-ordinates, the average values above mentioned both for
the North carriageway and for the South carriageway. Each curve gives a graphical representation of

the regression and R2 is its coefficient of correlation. Figure 3 makes reference, instead, to the
accidents which occurred on both carriageways.
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Fig.1- Average Number of Accidents-Length of Tangent (North carriageway )
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Fig.2- Average Number of Accidents-Length of Tangents (South carriageway )
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Fig.3- Average Number of Accidents-Length of Tangents (both carriageways)

The trends obtained show that the average number of accidents increases with the length of
tangents. This happens because of the higher vehicle speeds on the longer tangents and because of the
overcoming of the friction available in the contact area between tyre and road pavement.
There is a broad agreement between these three trends, but the dispersion of accident data
(indicated with the low values of the correlation coefficients R2) points out that the length of tangents
can seldom be considered as the only hazardous factor.
Note that the average number of accidents for example relative to a length of tangents of 1000 m
is about 2.0 times that of 500 m.

4.2 Accidents- Radius of Curvature
The curved sections have been analysed by means of this approach: radii of curvature have been
grouped, for each carriageway, in growing classes which have ranges of 50 m. The accidents
surveyed for each circular curve, belonging to each class, have been summed and then divided by the
number of curves that were in that class, having so an average number of accidents. To this value an
average radius of curve has been associated, individuated in the central point of each class.

In figure 4 are contained, for example, only the results obtained for the whole motorway because
similar trends were found for each direction too.
It shows, even if in a qualitative manner because of the sparse data do not allow a statistical
approach, that the average number of accidents decreases as the radius of curve increases. This
confirms the general opinion that the accidents are much more frequent on curves having smaller radii
because of increased centrifugal force placed on the vehicle.
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Fig. 4. Average Number of Accidents-Radius of Curvature

The average number of accidents has been found as function of radius only per R≤ 500m. Note
that the average number of accidents relative to a radius of 200 m is about 2.0 times that of a radius of
400 m. A similar trend has also been obtained when the authors have related the radii of curves to the
accident rates (accident /108 vehicle kilometre), taking also thus account of the traffic and the lengths
of the curves.
Because of the small size of samples, the authors propose that further studies be conducted so as
to have a large data base in this field for the four-lanes median-separated roads.
However there is a reasonable agreement with the international literature even if it concerns the
accidents on the two-lanes road: for radii of grater than about 400 to 500 m an increase in radius lead
to a low-level safety gain; with radii of 200 have accident rates that are about twice those on sections
with radii of 400m.
Note that the minimum horizontal curve radius according to Italian standards (R =250 m with a
design speed V =80 Km/h) [9] presents a lot of accidents. Therefore geometric design standards that
are mainly based on logically derived relationships and engineering judgements are not always
validated by accident studies.

4.3 Accidents-Longitudinal Grade
In analysis, we have separated the accidents which occurred on upgrades from those on
downgrades. Accidents have then been put in order in relation to the increase of the absolute value
of grade |i%|. We have constituted classes of grade having ranges of 0.5%. Accidents, belonging to
each class of grade, have been summed and then divided by the total number of horizontal geometric
elements (tangents and circular curves) that were in that class, having so an average number of
accidents. To this an average grade has then been associated, individuated in the central point of each
class of grade. Analysis has been carried out both for each carriageway and for the whole motorway.
Figure 5a shows in relation to the two directions that the average number of accidents depends on
the downgrades when | i | > 2.5%. Similar trends were also found for each carriageway.

In figure 5b theoretical accidents (deduced from the bilinear relationship of figure 5a) as a
function of accidents surveyed on the road are reported. The coefficient of correlation obtained
(R2= 0,7) indicates that the bilinear trend considered between average number of accidents and
downgrades is quite acceptable.
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In figure 6 instead is contained the average number of accidents as a function of upgrades. It shows
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Fig. 6.Average Number of Accidents-Upgrades ( both carriageways).

that the average number of accidents does not depend on the upgrades.
Note also that the international studies concerning the relationships between vertical alignment and
the accident rate on the two lanes road conclude: the accident rate has a slight increase on the
upgrades, so it is also on the downgrades but only up to a grade of about 2.0%. Then with increasing
downgrades the accident rate quickly increases with a higher gradient when | i | > 6 %.

4.4 Accidents-Operating Speed Changes ∆V
In this paragraph we have seen if the accidents depend on the change in operating speeds (∆ V)
between two consecutive geometric elements having constant curvature. The speeds have been valued
using both the new Italian standards [10] - approved by the National Council Research that will
constrain Italian designers to its observance since they will be regarded as Government Laws - and
some experimental equations for the calculation of 85th percentile speed ( V85 ) on the multilane
median separated roads such as: V85 = 148.75 – 0.0162CCRs (Greece) and
V85 = 135.42 –
0.0755CCRs (Germany)[11]. Where CCRs is the curvature change rate of the single curve.
Note that the new Italian standards take account only of the design speed: assigning tangents the
maximum design speed and curves the speed derived from the curve vehicle equilibrium. A

transition segment is then considered along which the speed changes in a linear way between the
design speeds of two consecutive geometric elements having constant curvature: a value of 0.8m/s2
both for acceleration and deceleration is assumed.
In analysis only the accidents on downgrades have been considered. Among these only the
accidents which occurred on circular curves following tangents have been used. The change in
speeds considered are:
|∆V |= |V curve design speed -V tangent design speed |
|∆V | = |V85 curve speed -V 85 tangent speed| (with V85 = 148.75 – 0.0162CCRs)
|∆V |= |V85 curve speed - V 85 tangent speed | (with V85 = 135.42 – 0.0755CCRs).
These |∆V| have been put in growing order and then have been grouped in classes having ranges of
1 Km/h. The accidents have also been grouped in classes in relation to the absolute value of ∆V.
Then the accidents, belonging to each class of |∆V|, have been summed and divided by the total
number of |∆V| that were in that class, having so a average number of accidents to which a |∆V| has
been associated, individuated in the central point of each class.
The study was carried out both for single carriageway and the two directions. In particularly,
using both the new Italian standard approach and the equation V85 = 148.75 – 0.0162CCRs (Greece),
we have found that the average number of accidents seems to be influenced by |∆V| only when
|∆V| ≥ 10 Km/h (see you figure 7).
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Fig.7. Average Number of accident - ∆V (both carriageways).

Note that using the equation V85= 135.42-0.0755CCRs (Germany) we did not find a significant
change in operating speeds between tangents and circular curves. Therefore this equation has not
been suitable to point out probable relationships between accidents and ∆V. It is due to some studies
showing that, on the multilane median-separated roads, drivers held similar speeds both on the
tangents and on the curves[11]. That has not been instead found for the two-lanes roads.
As already noted by the trend accidents-radius curvature, because of the sparse data a statistical
analysis is not possible.
However the result obtained seems interesting from the safety point view if compared to the
acceptable values of ∆V contained in road design standards of different countries. Recommendations
concerning the values of ∆V are in fact necessary to show the consistency of the succession of the
different elements of the horizontal alignment: radius of a curve following a tangent or compatibility
of radii of two near curves.
New Italian standards [10] for roads having a maximum design speed ≥ 100Km/h give these limits:
- between tangent and circular curve |∆V |= |V tangent design -V curve design | ≤ 10 Km/h;
- between two near circular curves having design speeds Vp1 and Vp2: |∆V |= |V p1 -V p2| ≤ 15 Km/h.
As already noted the motorway studied presents some values of ∆V> 10Km/h and then the
accidents which occurred probably also depend on the succession of geometric elements (radii too
small of curves following tangents).

4.5. Accidents-Sight Distance
In this paragraph a possible relationship between the average number of accidents and the sight
distances existing on the motorway has been researched. For evaluation of the sight distances we
have taken into account that the length of road ahead visible to the driver on the horizontal curves can
be restricted by obstacles located both on the right side (cut slope, foliage and other structures ) and
on the left side (longitudinal barrier in the centre of the median).
Figure 8a contains only the results obtained for the whole motorway, because similar trends were
observed for each carriageway too. It shows that the average number of accidents begins to increase
when the length of road ahead visible to the driver is < 1000 m. A higher effect on the accidents is
observed when it is lower than 500m. Note that the average number of accidents relative to a sight
distance of 250 m is about 2.0 times that of sight distance of 500 m.
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Accidents and those Surveyed ( both
carriageways).

Figure 8b shows, by means of the value of the coefficient of correlation R2 = 0.93, that the linear
trend assumed for the relationship accidents-sight distance of figure 8a is quite realistic.
Although it is logically accepted that very short sight distance are dangerous, there are only few
relationships between it and accidents. However it is generally retained that accidents decrease with an
increase of sight distance, even if the trends obtained in various countries show different values above
which a greater sight distance has a little effect on road safety.
Note that the sight distance on the left lane of the motorway studied is restricted by the median
which has a longitudinal steel barrier in its centre. A median wide only 1.10 in fact brings the barrier
too near to the edge of the carriageway and together with the height of the barrier itself (h=1.10m)
cause a reduction of road visible to drivers. It is a new barrier that, according to Italian Order Council
[12], has been located only in recent years. It is therefore helpful to remember to verify that the
stopping sight distance is assured on the curves where new barriers will be installed.

5. Accidents-Pavement Surface Condition
Here the total number of accidents which occurred during the twenty months observed have been
related to the motorway pavement surface conditions. Therefore relationships with the values of CAT
(Side Friction Coefficient) and HS (macro-texture) surveyed by means of in situ trials are reported
(see you figures 9 and 10).
Figure 9a shows that the side friction between tyres and pavement begins to influence accidents
only when CAT< 0.7. The trend shows that accidents increase for lower values of CAT, with a higher

gradient when CAT<0.5. Note that the total number of accidents presents an increase of 50% when
CAT decreases from 0.5 to 0.45.
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Theoretical

Figure 9b gives theoretical accidents (deduced from the linear trend of figure 9a) as a function of
accidents surveyed on the motorway (R2 = 0.74).
Figure 10a points out that the accidents depend on macro-texture only when HS<0.55. Then the
accidents increase with HS decreasing. We have a higher gradient when HS<0.45.
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Note that the total number of accidents presents an increase of 250 % when HS decrease from 0.45
to 0.40.
Figure 10b gives theoretical accidents (deduced from the linear trend of figure 10a) as a function of
accidents surveyed on the motorway (R2 = 0.82).
It is generally retained that an increase of CAT and HS has a positive effect on road safety
because it improves vehicle controllability and reduces stopping distance.
However some studies argue, that on the pavements having better surface conditions, there is a
decrease of wet-weather accident rates but an increase of dry-weather accident rates probably due to
increased speeds.

6. CONCLUSIONS
The Naples-Salerno motorway which has been studied in this paper is a type III according to the
standards of Italian Research Council (CNR/80) with a design speed range V =80-100Km/h. This road
is among the riskiest in Campania (Italy) because it is unsuitable to support higher and higher
volumes of traffic. Therefore the Local Road Agency has intended on adjusting the existing sections
for various years.

In relation to the geometric characteristics of the mentioned motorway, the main conclusions of this
work based on the analysis of accident data which have occurred during a twenty month period (from
August 1998 to March 2000) are:
• The length of tangents (L) is among the main causes influencing accidents: the average number
of accidents increases with L with a higher gradient for L >1000 m. As already noted the average
number of accidents relative to a length of tangents of 1000 m is about 2.0 times that of length of
tangents of 500m.
• The radii of curves ( R) have a great effect on safety too: the average number of accidents
decrease quickly with an increase in radius of circular curves when 200 ≤ R ≤ 500 m; then the
accident trend becomes stable for R >500 m. As noted the average number of accidents relative to
radius R of 250 m is 3.0 times that of radius of 500 m.
• The available sight distance has, together with the length of tangents and the radius of curved
segments, a strong influence on road safety: the average number of accident begins to increase when
the available sight distance on the motorways is smaller than 1000m. A higher effect on accidents is
observed when the length of road ahead visible to drivers is < 500 m. Note that the average number of
accidents relative to a sight distance of 250 m is about 2.0 times that of sight distance of 500m.
• The upgrades do not influence accidents. As regards to downgrades, accidents increase only for
| i | > 2.5%.
• As regard to the consistency of the succession of adjacent segments indicated by means of the
change in operating speed (∆V), it is found that |∆V| influences accidents only when |∆V | ≥ 10
Km/h.
• The pavement surface conditions of the motorways studied, in addition to the main geometric
characteristics above said, have great safety implications too: accidents are not influenced by
pavement when its surface conditions are very good (Side Friction Coefficient CAT≥ 0.7 and macrotexture HS≥ 0.55). The values of the side friction between tires and pavement and the macro-texture
influence the accidents respectively when 0.5≤CAT<0.7 and 0.45≤HS<0.55. Below these values
(CAT<0.5 and HS<0.45) the surface characteristics are bad enough to cause a quick increase in
accidents: the total number of accidents presents an increase of 50% when CAT decreases from 0.5
to 0.45 and an increase of 250% when HS decreases from 0.45 to 0.40.
The analysis carried out on the accidents which occurred on the motorway studied draws a
conclusion that the measures aimed at improving its safety must regard both some infrastructure
characteristics (mainly length of tangents, radii of curves and sight distance) and pavement surface
conditions.
For the purpose the treatments that can be proposed are:
a) Resurfacing of the wearing course and a pavement maintenance plan that assure suitable surface
conditions individuated by mean of values of CAT>0.6 and HS>0.45, according to Italian standards or
to current practise [13, 14] for an ordinary bituminous concrete.
b) In addition to point (a), widening of road cross section putting a third lane and a emergency lane
having so a six-lanes median-separated road or a wider median (bringing it from actual 1.10 m to
12.0 m) with a longitudinal safety barrier in the centre of median. These measures will allow to
remove the lateral obstacles so as to have a greater length of road ahead visible to drivers both on the
right lane or on the left lane, containing in this way the accidents due to restricted sight distance.
c) In addition to points (a) and (b), adjusting of the circular curves having small radii bringing
themselves to a radius R ≥ 500m.
d) Improving of the horizontal and vertical alignment using shorter tangents, circular curves having a
radius R≥ 500m, longitudinal grades i ≤ 2.5% and pavement surface characteristics and road cross
section as said in the previous points (a ) and (b).
The authors retain that only an approach based on the cost-benefits analysis (in which the economic
benefits to society derived from reducing the annual number of fatalities and injuries and the cost of
motorway infrastructure improvements are taken into account) will definitively help in the choice of
the proposed alternative measures.
Although the road cross section can be widened and pavement surface conditions improved, the
alignment and longitudinal grade are very difficult and expensive to correct because of the too many
houses which have been built along the motorway in the past years.
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THE MAIN PROBLEMS OF ROAD SAFETY IN ST. PETERSBURG
AND WAYS OF THEIR SOLUTION
Andrey Gorev, Automobile and Road Institute, Russia, phone: +7 (812) 251-5149
The rapid growth of motorization observed in all Russian cities and, in particular, in St. Petersburg has resulted in the aggravation of the whole complex of transport and traffic problems, the increased accident rate, jams, growing environmental pollution of the city. St. Petersburg is especially vulnerable in this respect, which proved to be related with the start-up of
the economic reform with subsequent political changes, for the following reasons:
– drastic increase of transit freight flow in connection with the liberalisation of foreign trade
and special geopolitical status of the city as a major transport centre connecting Europe and
Russia;
– significant expansion and splitting at the same time of the commercial shipping operations
in connection with the appearance of a great number of private companies;
– acute lack of financial resources that are allocated for the maintenance and development of
the transport system and the services connected with its functioning;
– the rapid growth of the fleet of transport vehicles mostly for account of relatively cheap
second-hand cars produced abroad and the subsequent appearance in the street of a great
number of drivers-novices;
– prevalence in the city's transport fleet of automobiles in poor technical condition.
The Characteristic of The Transport Fleet
The dynamics of growth of the car stock in the city is demonstrated by the following figures
(Figure 1). In 1980 approximately 200 thousand motor cars and buses were registered in the
city. The increment in the number of cars in the 80-ies was about 5,5 % a year, and by the end
of the 90ies the stock of motor fleet amounted over 500 thousand units. In early 90ies we witnessed a drastic growth of the car fleet in the city; despite certain recession periods the rate of
growth of the fleet goes up incessantly, which does not let any respite for the solution of
transport problems. At the beginning of 2001 as much as 1,069,700 passenger cars, 106,800
cargo transportation vehicles, 12,400 buses and over 1,250 units of motor transport were registered at State Inspection of Road Safety (GIBDD) in St. Petersburg. Of that amount, by experts' estimate, only 50 - 70 % vehicles are really in use for different reasons.
It is worth mentioning that the principal expansion of the car fleet takes place for account of
passenger cars (Figure 2). The stock of buses composed mostly of municipal fixed-route passenger buses practically does not expand for the financial problems. The stock of trucks is
growing insignificantly. If we take the changes in the total number of buses and cars that are
in private property with respect to the number of residents of the city, we shall see that the
expansion of the transport vehicles stock takes place to a significant extent for account of
commercial transport (Figure 3).
Thus, the significant growth in the number of passenger and commercial automobiles results
in considerable transport congestion in the central part of the city within the whole working
day.
In connection with the growth and the poor state of the automobile fleet the volume of exhaust gases released by motor transport increased more than twofold from 1980 and already in
1995 exceeded 70 % of the total release of pollutants in the city. In the unfavourable meteorological conditions the zone with the maximum permissible concentration (MPC) exceeded
with respect to nitrogen dioxide (NO2) covers over 90 % of the municipal territory taking up
the space of about 300 km2; the same zone with two MPC exceeded takes up over 180 km2. In

the central city five-fold excess of MPC with respect to NO2 is sometimes observed due to
exhausts of motor transport streams at the Palace Bridge, in Nevsky and Ligovsky Prospects,
Gorokhovaya Street, Obvodny Canal Embankment and Alexander Nevsky Square. The estimated zone with two MPC exceeded with respect to carbon oxide (СО) is located in the central part of the city and coincides in the main with the zones of five-fold excess of MPC with
respect to NO2.
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Figure 1. Change in the number of transport vehicles in St. Petersburg
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Figure 2. Change in the number of transport vehicles by types

The Situation with Roads in St. Petersburg and The Tendencies to Changes
The comprehensive network of St. Petersburg streets was formed historically influenced by
many factors, the most important of them being the geographical position of the city situated

in the extremely branching delta of the Neva river that restricts the possibility of formation of
transport links between different parts of the city. The talented architects who designed and
built St. Petersburg would have never been able to imagine the volume of present-day traffic
that virtually swept over our city.
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Figure 3. The changes in the relative numbers of transport vehicles
The most typical shortcomings of the street network and road system of the city that hamper
the efficient organisation of traffic are the following:
– discrepancy between the street parameters (the width, radii of curvature, etc.) and the increased traffic, which causes continuous delays in traffic;
– no possibility to expand the streets' traffic area in the historical part of the city because of
the dense construction regarded as having architectural value; for that very reason it is impossible to plan the construction of different-level road junctions in the central part of the
city;
– unavailability of special thoroughfares for letting transit transport through the street network and road system results in extra congestion of the road system of the city;
– the poor condition of the street network and road system results in low speed of the cars
and their excessively intensive manoeuvring aimed to pass pits and ruts by;
– the small number of bridge crossings over the river Neva causes the congestion of transport
at approach roads and leads to much lengthier journeys;
– the insufficient number of subway passenger crossings restricts the opportunity to build
transit thoroughfares and optimise the schemes of traffic organisation at some crossroads.
Currently the permanent delays in traffic (in summer - in fact every day) are observed at 108
crossroads in the central zone of the city, which figure makes 63 % of all signal-controlled
junctions in this area. The traffic speed of motor cars does not exceed 30 km/hour on the average in the city, in the central part this figure is 12 km/hour, and in the Nevsky Prospect it
falls down to 6 km/hour at certain periods.

The analysis of situation with roads and transport in the city shows that about 30 % of 70
main thoroughfares of the city have lost their traffic capacity. The traffic capacity reserve in
the central area and within a number of highways in the peripheral regions makes 10 - 15 %
maximum. It is necessary to note that in case of street congestion up to 80 % the traffic jams,
the probability of congestion, the release of exhaust gases and other indicators of the complex
character of transport situation are practically proportional to the intensity of transport flows,
the same is different for the street congestion up to 92 %, when each per cent of traffic intensity increment aggravates the traffic situation by 1,5 - 3 times. Thus, we need urgent measures
to improve the road and transport situation.
It would be possible to achieve the long-term radical improvement of the transport-related
situation in the city taking measures of urban-planning character: construction of bridges,
tunnels, new highways. The realisation of such projects requires considerable financial investment and time. The realisation of a complex of measures connected mostly with improved management of municipal transport flows seems to be more practical. These measures
can me carried into effect in short time at minimum costs, and they would, by preliminary estimate, let to cut the transport delays by 15 - 40 %, to reduce the amount of exhaust gases released by 10 - 30 %, to achieve better road safety and reduce the probability of congestion.
The complex of first-priority work in this sphere includes:
1. Development of complex scheme of traffic organisation.
2. Development of traffic control automated systems (TCAS - АСУДД).
3. Organisation of technological support of traffic streams control system.
4. Organisation of parking system for motor transport.
5. Complex of measures for proper organisation of pedestrian traffic.
6. Transfer of transport terminal complexes outside the territory of the central city, to the circular highway being built.
Statistics of Traffic Safety
The number of traffic accidents in St. Petersburg within the last ten years has not changed
radically and for the most part it approximates the figure of 6000 accidents a year - with people’s death or injuries or material damage (Table 1). As compared with the Western countries,
the rate of severity of accident consequences is extremely high (taking the death rate for
every 100 accident victims).
If we take the relative factors of accident rate (Figure 4 – 6) we should note the considerable
reduction of those accidents related with the numbers of transport vehicles. This is accounted
for, in the first place, by the extremely rapid growth of car fleet in the rather balanced situation with accidents. To determine the overall annual haulage of the transport vehicles fleet,
the average yearly run of passenger cars was considered to be 10 thousand km for 60 % of the
whole stock, while the same for the cargo-carrying vehicles was 25 thousand km, and
60 thousand km for the bus.
As regards the ratio figures with respect to the number of city residents, the number of accidents can be seen to have somewhat increased, as the number of residents in St. Petersburg
has fallen down by over 400 thousand people from 1990.
The most part of road accidents are automobile-pedestrian accidents (Figure 7). It is natural
that among the victims of the traffic accidents the majority are pedestrians, their number going up every year (Table 2). This situation requires special remedial measures.

Table 1. Absolute Indicators of Traffic Safety in Saint-Petersburg
1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
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Table 2. Distribution of traffic accident victims
Participants of accidents
Drivers
Passengers
Pedestrians
Cyclists
Others
Total

Killed
83
60
510
8
4
665

Killed, %
12
9
77
1
1
100

Injured
1229
1270
3675
74
9
6257

Weight of consequences
20
6,3
20
4,5
59
12,2
1
9,8
0
30,8
100
9,6

Injured, %

Nearly half of all traffic accidents in St. Petersburg take place through the driver’s fault. The
main reason as seen by GIBDD is the wrong choice of speed (Table 3). However, the experts
believe that another important reasons include extremely poor condition of roads and the poor
technical equipment of transport fleet, as overspeeding as such occupies only 12th position in
the list of accident reasons. A great number of road accidents take place as well due to the
failure to keep to the priority at non-signal-controlled junctions, the intrusion into the oncoming traffic zone, ignoring the pedestrians not giving them the priority at pedestrian crossings, driving the vehicle being drunk.

The principal measure to prevent road accidents and combat the traffic offenders would be
street posting and patrolling by GIBDD workers. The results of GIBDD work along this line
are given in Table 4.
Table 3. Reasons of traffic accidents through the fault of drivers
Reasons

Variance of speed to particular conditions
Non-observance of queue of a thoroughfare
Drive to runway of oncoming traffic
Violation of rules of pass pedestrian crossing
Drinking driving
Violation of traffic lights
Drivers license is absent
Wrong choice of distance
Violation of rules of evolution
Violation of traffic signs
Violation of rules of pass tram's stop
Speeding
Irregular overtaking
Technical faults in vehicle
Violation of rules of conveyance of passengers
Total

Quantity Percent
647
22,3
522
18,0
374
12,9
319
11,0
263
9,1
204
7,0
200
6,9
172
5,9
71
2,4
39
1,3
38
1,3
27
0,9
12
0,4
8
0,3
5
2901

0,2
100

Table 4. The showing of GIBDD results
Factor

Violation of rule of the road by the drivers revealed:
overspeeding
driving a car being drunk
violation of overtaking rules
driving a car without driver's license
violation of rules for crossing a railway junction
Measures taken:
driver's license recalled
including for driving in the state of alcoholic intoxication
fined
Violation of rule of the road by pedestrians revealed:
fined

Numbers
1128407
450109
27029
11444
10125
3992
15838
14152
977318
719157
645076

Analysis of Main Reasons of Inferior Level of Road Safety
The reasons for inadequate level of traffic safety include a whole complex of problems that
can be split into following categories:
1. THE DRIVER. The increased accessibility of automobiles in terms of personal ownership
and the increased need in drivers has drastically extended the category of drivers who do
not feel adequate responsibility, when driving a car, which is a situation of enhanced dan-

ger. The lack of efficient system of punishing offenders causes a feeling of permissiveness in them. Neither organizational nor technical measures of traffic control can guarantee that the rule of the road will be complied with by the drivers. The violations like intrusion into the oncoming traffic zone, getting out of lane, infringement of the regulations
for turning, ignoring the interdictory light signal are of routine character.
Professional drivers who have to drive obsolete transport vehicles can not adhere to up-todate driving parameters; their cars as a rule are not equipped with modern means of traffic
safety, active or passive. These factors as combined with the poor condition of roads
cause undue fatigue and relaxation of watchfulness by the end of the working day.
2. THE PEDESTRIAN. The pedestrians, not relying on the drivers’ courtesy making way
for them, try to solve their problems as they can, which is not always successful. The
number of pedestrians who suffered being in the street in the state of alcoholic intoxication is growing continuously.
3. GIBDD. The GIBDD inspectors are mostly perceived by the drivers as a party that prevents them from proper driving - as they deem it appropriate.
In St. Petersburg we do not have so far any unified information system of registration of
road accidents. Some information is kept on the paper, in different territorial divisions of
GIBDD, and the information that happens to be entered in the registration system is in no
way coordinated with the information systems kept by traffic services and municipal
authorities. Thus, the operative analysis of the traffic safety situation as well as spotting
and monitoring of places with the most expressed road accident concentration (“Black
spots”) is practically impossible.
4. MUNICIPAL AUTHORITIES. In the environment of mass-scale economic and social
problems that overwhelmed the country at the period of reforms, the city authorities do
not regard the problem of improvement of traffic safety as a top-priority task. All the
tasks in the field of road safety are assigned to GIBDD which, being one of the law enforcement structures, is to exercise only the controlling functions. In the structure of St.
Petersburg Administration there is a Committee for traffic safety, but this committee is a
public authority, and it does not have any powers or financial resources.
Recommendations on Improvement of Traffic Safety
The analysis of situation with traffic safety and of the tendencies to possible changes lets one
recommend the following measures to improve it.
1. Development of the programme aimed at changing the public opinion towards the need to
improve the traffic safety level. This extremely important task is to ensure public support
of the law enforcement bodies in their struggle with offenders of road rules and prevent
confrontation of the traffic participants and GIBDD workers. The necessary prerequisite
for the solution of this problem is redistribution of functions related with organization of
traffic and control over compliance with traffic rules, with their assignment from law enforcement to civil bodies, including local self-management bodies, when combating crime
is not involved. It is evident that the local self-management bodies, being better aware of
the situation in the local environment, could oppose the motoring offenders, in particular,
those infringing stopping and parking rules, more efficiently, etc.
2. Development of system of legal, technical and organizational measures ensuring inevitability of drivers’ punishment for gross violations of traffic rules. The existing practice,
when the GIBDD inspector sets the extent of punishment independently, on the spot, in
the course of personal intercourse with the motoring offender, has no prospects for the
following reasons. First, the personal contact with the offender and, specifically, the discussion of severity of penalty, leads in most cases to GIBDD inspector’s serious psycho-

logical strain. Some offence can be subject to warning notice, penalty (within extended
range) or withdrawal of the license by the inspector. The talks with the offender, efforts to
convince the latter of his guilt and execution of relevant documents takes much of inspector’s time and distracts him from control of traffic. The inspector should only register
the offence. The subsequent punishment procedures should be further realized by the administrative bodies.
3. Development of the programme assuring real priority of pedestrians in road traffic. The
drivers as more knowledgeable and organized participants of traffic must be entrusted
with higher responsibility for road safety as compared with pedestrians. This task will require both improvement of schemes of traffic organization in the locations of intensive
pedestrian streams and the change in the settled psychology of the drivers’ characterized
by disparaging attitude towards pedestrians.
4. Relaxation of traffic intensity for account of rehabilitation of public transport and its development in the central part of the city. Achievement of growth of popularity of public
transport due to enhanced frequency of runs and strict compliance with the time-table. Realization of measures restricting the traffic of passenger cars in the daytime in the city
center, with exclusion of freight carriers.
5. Speeding up the reconstruction of street network and road system, with repairs of pavement, development of more advanced schemes of traffic organization with expansion of
single-direction driving and setting up automated systems of traffic regulation.
The last three recommendations are specific for St. Petersburg, as the historical value of
buildings in the central city and the unique character of its architectural ensembles, as well as
water-saturated soil do not let to effect the renovation of roads, construction of different-level
road junctions and subway passenger crossings.
In conclusion it should be noted that the submitted recommendations are not somewhat
unique and have been implemented to a different extent in most countries of Europe at different stages of motorization development. However, for Russia and, in particular, for St. Petersburg with its unique situation, the priorities of realization of the proposed recommendations
and their sequence have not yet met proper understanding on the part of municipal authorities.
The federal and local management bodies so far see the need to improve the traffic safety only
in the aspect of perfection of work of law enforcement bodies, without recognizing the importance of the complex character of this problem and the role of social factor in the struggle
for road safety.
The realization of proposed measures is a very complicated task for Russia, as it will require
functional restructuring of all aspects involved in the process of improvement of road safety.

SAFER GUARDRAIL-TO-BRIDGE RAIL TRANSITIONS
by
Charles F. McDevitt
Federal Highway Administration
U.S. Department of Transportation
Telephone: (202) 493-3313
Introduction
This paper discusses the design, testing, and development of guardrail-to-bridge rail transitions.
In order to solve safety problems with vehicles impacting the ends of bridge rails, a family of
transition designs were crash tested with passenger cars in accordance with the recommendations
of National Cooperative Highway Research Program (NCHRP) Report 230. These transition
designs became widely used in the United States. However, when these same transition designs
were crash tested with pickup trucks in accordance with the new recommendations in NCHRP
Report 350, they failed due to vehicle rollovers. This paper describes how these safety problems
were solved and how improved transition designs were developed that meet the various levels in
NCHRP Report 350.
The Safety Problem
Guardrail-to-bridge rail transition sections are necessary because unprotected ends of bridge rails
are fixed-obstacle hazards. This was dramatically illustrated by a 96.6-km/h (60-mi/h) crash test
of an 816-kg (1800-lb) car into the end of a concrete safety shape barrier. The concrete barrier
penetrated 1.5 m (4.8 ft) into the front end of the car.
New Jersey-shape (NJ-shape) and F-shape concrete barriers are widely used as bridge rails in the
United States. The F-shape is similar to the NJ-shape, but the bottom sloping face is 150 mm (3
in) lower. Simply turning down the end of a concrete safety shape bridge rail at 22 degrees does
not solve the problem. In a 101.4-km/h (63-mi/h) crash test, a 2041-kg (4500-lb) car impacted a
22-degree turned-down end of a concrete safety shape barrier. The test vehicle flew 45.7 m (150
ft) through the air and slid another 15.2 m (50 ft) after it landed.
When a vehicle impacts a bridge-approach guardrail at a high speed and angle, the barrier can
deflect far enough laterally so that the front of the vehicle will impact the end of the bridge rail.
It is intuitively obvious that a flexible three-cable guardrail attached to the end of a bridge rail
can deflect enough laterally for an errant vehicle to be guided right into the rigid end of the
bridge rail. However, a semi-rigid, strong post guardrail with either a W-beam or a thrie-beam
rail can also deflect enough to allow an errant vehicle to impact the end of the bridge rail.
Early Transition Designs
The 1977 American Association of State Highway and Transportation Officials (AASHTO)
Guide for Selecting, Locating and Designing Traffic Barriers recognized that transition sections
were a problem that should be carefully addressed by the designer (1). The 1977 AASHTO
Guide presented a few transition designs that had been crash tested and classified them as

operational designs. It also included a few other designs that were not considered operational, but
had shown promising crash-test results. In general, these transition sections were gradually
stiffened by reducing the post spacing as the end of the bridge rail was approached. It was
recommended that the length of the transition should be such that significant changes in the
lateral stiffness do not occur within a short distance. It was suggested that the transition length be
approximately 10 to 12 times the difference in dynamic deflections between the joining barriers.
Curving the end of the bridge rail or parapet was considered desirable in order to further
minimize the possibility of vehicle snagging. It was also recommended that strong posts with
blockouts be used to prevent vehicle snagging on the posts. Rub rails were considered desirable
on the standard W-beam and box-beam guardrails, particularly when the end of the approach
guardrail was terminated in a recessed area of the parapet. On a per unit length basis, a channel
rub rail contains more steel than a W-beam rail. This makes the rub rail a strong stiff beam
element. Since rub rails were fairly expensive, a new rail section, known as the thrie-beam rail,
was developed to be an economical substitute for a W-beam combined with a rub rail.
NCHRP Report 230 Transitions
In 1983, State transition designs submitted to the Federal Highway Administration (FHWA) for
crash testing were reviewed and rated. Then some of these W-beam and thrie-beam transition
designs were selected for testing (2). The crash tests were conducted with 2041-kg (4500-lb) cars
impacting at 96.6 km/h (60 mi/h) and an angle of 25 degrees. These were the test conditions
recommended by NCHRP Report 230 for all longitudinal barriers, including transitions (3).
The critical impact point (CIP) for each of these transition crash tests was determined by using
the BARRIER VII computer program (4). The CIP is defined as the initial point of vehicular
contact along the longitudinal dimension of a barrier that is judged to have the greatest potential
for causing a failure of the crash test. In general, the CIPs were 2.1 to 4.6 m (7 to 15 ft) away
from the end of the bridge rail (see figure 1). This distance permitted the approach guardrail to
deflect enough to allow the front of the vehicle to strike the end of the bridge rail.
The crash tests showed that the transition designs in use at that time were not stiff enough.
Simply cutting the post spacing in half and attaching the W-beam to the traffic side of the bridge
rail did not produce transition designs with satisfactory performance. It was found that one Wbeam rail had to be nested over another W-beam rail for the first 318 mm (12.5 ft) from the end
of the bridge rail. This doubled rail greatly increased the stiffness of the transition section. At the
same time, the post spacing had to be significantly reduced. The first five strong posts from the
bridge end had to be closely spaced at 457 mm (1.5 ft), the next four posts were spaced at 953
mm (3.1 ft), then the typical guardrail post spacing of 1905 mm (6.25 ft) was resumed. When
close post spacing was used, it was not necessary to bolt the rail to every post. The concrete
sections were either flared back, or else their ends were tapered to reduce the potential for wheel
snagging. When the concrete sections were flared back, a steel spacer tube was used as a
blockout near the end of the concrete section. This spacer tube was 229 mm (9 in) long. It had a
152-mm (6-in) inside diameter and was made of 7.1-mm- (0.28-in-) thick galvanized-steel pipe.
The steel spacer tube absorbed some energy by partially collapsing upon impact. However, it
also served to reduce the span length of the rail between the concrete section and the first post.

This reduced the lateral deflection of the transition in the vicinity of the end of the concrete
section.
FHWA sent memorandums to the field offices in 1988 and 1993 that transmitted drawings of
crash-tested W-beam and thrie-beam transition designs. These transition designs had been
accepted by FHWA for use on the National Highway System because they had passed the
strength test with a 2041-kg (4500-lb) car that was recommended by NCHRP Report 230 (5,6).
Subsequently, some of these transition designs were described and discussed in the AASHTO
Roadside Design Guide (7). These transition designs became widely used by the States. This
series of crash tests included transition designs that were identical except for the fact that they
had either steel posts or wood posts. The tests showed that the wood posts selected to be
structurally equivalent to the steel posts were actually stronger under dynamic loading than the
steel posts. As a result, wood-post transition designs can generally be accepted based on
successful crash tests of similar steel-post designs.
Most transition designs require doubling or nesting a W-beam rail, or a thrie-beam rail, on top of
another rail. This means that three pieces of rail must be bolted together at a rail splice. This can
be difficult because the rails have curved cross-sections. It is also difficult to connect two pieces
of rail to a 3.5-mm- (0.138-in-) thick or 10-gauge end shoe. Sometimes, for the sake of
expediency, end shoes have been incorrectly lapped on top of the W-beam rails in such a way
that the edge of the end shoe faces oncoming traffic. This can create a serious vehicle snag point.
Experienced guardrail installers often use a steel drift pin to help align the slotted boltholes in the
three layers of steel sheet. However, this takes extra time and effort. In order to make this job
easier, end shoes with slanted, slotted holes have been developed for both W-beam and thriebeam rails (8). Static tension tests have shown that slanting the holes by 45 degrees does not
reduce the strength of the bolted connection. Failure is due to bearing of the bolt on the edge of
the slotted hole in the 2.67-mm- (0.105-in-) thick W-beam. The slanted holes make it much
easier to fit bolts through the three layers of steel. However, only the end shoe for the thrie-beam
rail is currently being manufactured and marketed.
The use of flat plate washers under the button-head bolts that connect the rails to the blockouts
and posts was optional for some of these transition designs. Earlier research on strong post
guardrails showed that as the posts rotated backwards upon impact, they would tend to pull the
rail backwards and rotate it to form a ramp unless the button-head bolts pulled through the
slotted holes in the rails. This ramping effect could cause vehicles to vault over the guardrail. If
flat plate washers were used under the button-head bolts, then the bolt head was delayed or
prevented from pulling through the slotted hole.
However, in a transition section, rotation of the posts is reduced where the posts are closely
spaced. Consequently, ramping will not occur even though flat plate washers are present. In this
case, the flat plate washers can have a beneficial effect because they can help to redistribute load
from a post to the adjacent posts.
It is absolutely essential for the W-beam rail to be bolted to the end of the concrete section or the
bridge rail with an end shoe. This end anchorage is necessary to develop enough longitudinal
tension in the rail to redirect an errant vehicle. This basic principle has been known for a long

time, but it has not always been heeded. The 1967 “Yellow Book” (Highway Design and
Operational Practices Related to Highway Safety) stated: “To afford maximum protection and to
develop the full strength of the rail in tension, all guardrail on the approaches to structures must
be attached securely to the structure and provide a relatively smooth configuration on the traffic
side” (9). In 1994, FHWA sent a memorandum to the field offices stating that, “Any remaining
unconnected bridge-approach guardrail on the National Highway System (NHS) should be
connected by an acceptable transition design. This effort should also be completed within 3 years
from the date of this memorandum”(9).
Instead of connecting the approach-guardrail transition to the bridge rail, some State and local
highway agencies prefer to use an independent concrete end block. These end blocks or anchor
blocks are often used to transition from a vertical concrete face to a NJ-shape or F-shape
concrete parapet. Independent end blocks are typically 3.0 to 4.6 m (10 to 15 ft) long. They are
usually mounted on a spread footing, but are sometimes mounted on a wing wall. These anchor
blocks are often installed at the edges of down slopes at bridge ends. Consequently, it is
necessary to make a soil slope stability analysis to design the spread footing. A soil stability
analysis procedure has been developed that takes dynamic impact loads into account (2).
NCHRP Report 350 Transitions
In 1993, NCHRP Report 350 recommended that all longitudinal traffic barriers be tested with a
2000-kg (4409-lb) pickup truck (10). Research had found that this 680-kg (¾-ton) pickup truck
could be considered a surrogate for vans, sport utility vehicles (SUVs), and other vehicles in the
light-truck class, which was a rapidly growing segment of the vehicle fleet. The initial crash tests
by FHWA and the States were intended to re-qualify the existing standard transition designs for
Test Level 3 (TL-3), which is the basic level for interstate highways in NCHRP Report 350.
However, when some of these transition designs were crash tested with pickup trucks in
accordance with the newer recommendations in NCHRP Report 350, they failed due to vehicle
rollovers.
The crash tests showed that the upper and lower control arms of the front wheel of the pickup
truck failed almost immediately after impact. As a result, the wheel rotated quickly about the
front axle and the bottom of the tire reached in under the rail and snagged on the transition posts.
Wheel snagging and rollover occurred even though rub rails were used. Some crash tests were
judged to be failures even though the pickup truck remained upright because the front wheel was
pushed backwards into the firewall and produced an unacceptable amount of deformation of the
passenger compartment.
Compared with the old 2041-kg (4500-lb) cars used in the earlier NCHRP Report 230 tests, the
2000-kg (4409-lb) pickup trucks have some characteristics that make them a much more critical
test vehicle. They have a cab-forward design that places the front bumper much closer to the
wheel. This provides less protection for the front wheel. The center of gravity of a pickup truck
is about 178 mm (7 in) higher than it is in a full-size car. Also, the center of gravity of the pickup
truck is closer to the front of the vehicle. As a result, the rear wheels of the pickup truck are
relatively lightly loaded when the vehicle is empty. Since pickup trucks have higher centers of
gravity, they have a greater tendency to roll towards the barrier. This can cause them to become

unstable and roll over after impact. NCHRP Report 350 also increased the impact test speed from
96.6 km/h (60 mi/h) to 100 km/h (62.1 km/h). This 7.3-percent increase in kinetic energy also
made rollover more likely during a test.
NCHRP Report 350 contains a procedure for calculating the CIP for a transition section. This
procedure had been developed by a research study that made a large number of parametric runs
with the BARRIER VII computer program. It was soon learned that this procedure contained a
fatal flaw and could not be used. Therefore, the CIP had to be determined for each transition by
using the BARRIER VII computer program to model that particular transition. NCHRP Report
350 contains a statement to the effect that as a default value, a CIP of 4.6 m (15.1 ft) can be used.
This is the old CIP determined from NCHRP Report 230 tests. However, recent BARRIER VII
runs have shown that there is a new CIP about 1.2 to 1.6 m (3.9 to 5.2 ft) away from the end of
the bridge rail. This CIP is for wheel snagging on the end of the bridge rail. It is distinctly
different from the old CIP, which was the impact location for the transition to deflect laterally
enough for the front of the vehicle to impact the end of the bridge rail.
W-Beam and Thrie-Beam Transitions
Due to space limitations, this paper cannot present transition design drawings in enough detail
for them to be properly constructed. Information on which transition designs have been accepted
by FHWA for use on the National Highway System and detailed design drawings can be
obtained from the Office of Safety’s website at http://safety.fhwa.dot.gov.
The following will discuss some key design features of the new NCHRP Report 350 transitions.
Some transitions have been developed to meet the lower speed Test Level 2 (TL-2) test criteria
(11). However, most of the research and development work has been on TL-3 transitions. TL-3
transitions must pass the 100-km/h (62.1-mi/h) Test No. 3-21 with the pickup truck that is
recommended in NCHRP Report 350. In general, transitions are not tested with 820-kg (1807-lb)
cars as recommended by NCHRP Report 350 because this is not a critical test due to the strength,
stiffness, and rail geometry of transition sections. This is particularly true when rub rails or thriebeam rails are used.
In 1996, the Midwest Roadside Safety Facility (MwRSF) developed a thrie beam-on-strong steel
post transition to a NJ-shape concrete parapet (12). After this steel-post design was successfully
tested, a very similar wood post-thrie beam transition was crash tested and developed. In the
final designs, the posts were lengthened to stiffen up the transition section. A triangular 100-mm(4-in-) high curb was used to control the wheel and help keep it from snagging. Various post
lengths were used for the steel-post transition design. A specially designed connector plate or
shim plate was inserted between the end shoe and the NJ-shape parapet in order to keep the face
of the thrie-beam rail in the vertical plane. It minimizes rotation of the thrie-beam rail, which
could cause ramping and vehicle rollover. This connector plate is expensive, so one State has
replaced it by molding a reinforced-concrete section into the side of the NJ-shape parapet.
Special tubular steel blockouts had been developed earlier to make a transition from a thrie-beam
median barrier to a concrete median barrier with a constant side slope (13). These same tubular
steel blockouts were used in the thrie beam-on-steel post transition design in order to eliminate
problems with torsional failure of the steel blockouts, which were made from W150x13.5 steel

beams. These tubular steel blockouts and their bolted connections also served to brace the steel
posts against lateral torsional buckling.
Crash tests of W-beam on strong steel-post guardrails had shown that the steel posts were not as
strong as the nominally equivalent wood posts because the steel posts failed prematurely in
lateral torsional buckling. The ratio of the flange width to the thickness of the steel posts was
greater than 17, so these hot-rolled steel beams were not considered compact sections according
to the “plastic design in steel” ultimate-strength design procedures. When recycled-plastic
blockouts were first used on steel posts, a groove was molded into the back of the blockout. This
groove was intended to keep the blockout from rotating around the bolt that connected it to the
flange of the steel post. However, it was realized that the groove also braced the flange of the
steel post and resisted lateral torsional buckling. Subsequently, wood blockouts with routed
grooves were successfully used on the steel posts of both W-beam and thrie-beam guardrails. A
finite element analysis study of guardrails with steel posts has recently confirmed that the routed
groove is necessary.
The TL-3 Vertical Wall Transition shown in figure 1 had a nested W-beam rail on strong steel
posts and a W-beam rub rail (14). The reinforced-concrete end block was supported by a large
spread footing. In order to prevent hood snagging that can result in the hood coming through the
windshield, the end of the concrete end block was tapered upwards, beginning at the top of the
guardrail. Since the CIP for wheel snagging was very close to the end of the concrete section, the
first two posts were W200x19 steel-beam sections that were 50 mm (2 in) deeper and much
stiffer than the typical W150x13.5 posts. These first two posts were also made much longer
(2285 mm [7.5 ft]) than the typical posts and were embedded deeper to further increase their
stiffness. Routed wood blockouts were used on the steel posts. Using a W-beam for the rub rail is
very economical. Its deeper cross-section virtually eliminates the possibility of wheels snagging
on the posts. To prevent wheel snagging on the end of the rub rail, the end is bent and tucked
behind the sixth post. A finite element model has recently been made of this transition using the
PATRAN code. An impact with a pickup truck was simulated using the LS-DYNA3D finite
element code. Information on finite element models of vehicles and roadside safety hardware can
be obtained from the FHWA/National Highway Traffic Safety Administration (NHTSA)
National Crash Analysis Center at The George Washington University’s website at
www.ncac.gwu.edu.
The TL-3 Connecticut Transition shown in figure 2 has also passed Test No. 3-21 with the
pickup truck that NCHRP Report 350 recommends for TL-3 (14). This type of nested W-beam
transition has been widely used. It is popular because it can be used to connect directly to the
side of a NJ- or F-shape concrete parapet without an intermittent concrete section that needs
expensive formwork. The rub rail requires a special end shoe that is shop-twisted to fit on the
lower sloping face of the safety shape. Routed wood blockouts are used on the steel posts. The
first two posts are the stiffer W200x19 steel beams. The 100-mm- (4-in-) high asphalt curb,
which is backed up by compacted soil, is considered essential for controlling the wheel and
keeping it from snagging on the posts at the end of the concrete section. Concrete and asphalt
curbs can be used interchangeably as long as they have the same geometry.

The TL-3 Nebraska Thrie-Beam Transition has a nested thrie-beam transition connected to a
reinforced-concrete parapet that is supported by a 600-m x 650-m (23.6-in x 25.6-in) footing
(14). This narrow footing is supported by two 450-mm- (17.7-in-) diameter reinforced-concrete
columns in drilled shafts spaced approximately 1.35 m (53 in) apart. The two drilled shafts
extend approximately 3 m (9.8 ft) below the footing. Since many contractors already have
drilling equipment on the construction site, this can be a very quick and economical way to make
a foundation for the concrete end block. In order to have an 1150-mm (3.8-ft) clear opening
between the end of the concrete parapet and the first post for drainage features, the Nebraska
transition has a pseudo-post or false-post design. A 100-mm (4-in) square steel tube is attached
to the first post and the end of the concrete parapet. This steel tube supports a wood blockout,
which, in turn, supports the nested thrie-beam rail. This makes it unnecessary to have a post at
this location.
The Pennsylvania Transition was tested to TL-3 with a pickup truck (14). Its performance was so
good that consideration is being given to testing it to Test Level 4 (TL-4). A finite element model
will be made of this transition in order to see if any design modifications will be necessary
before it is crash tested with the 8000-kg (17,637-lb) single-unit truck. The concrete parapet is
attached to a reinforced-concrete moment slab, which makes a very strong foundation. The
routed wood blockouts are long enough to block out both the rub rail and the nested W-beam
rails. As a result of these longer routed blockouts, no buckling of the steel posts was observed in
the crash test with the pickup truck.
To date, only one transition design has been successfully tested to TL-4 with the single-unit
truck. The Alaska Multi-State Bridge Rail-Thrie Beam Transition has a specially designed steel
connection plate that connects the end shoe to Alaska’s two-rail bridge rail (15). This connection
plate includes a transition plate that is tapered back between the rails to prevent snagging when it
is impacted from the reverse direction. The first post is spaced 1145 mm (3.75 ft) from the end of
the steel bridge rail. Then the next five posts are spaced at 2380 mm (7.8 ft). These posts are
W150x13.5 steel beams that are 1982 mm (6.5 ft) long and are embedded 1245 mm (49 in) into
the ground. The steel blockouts behind the nested thrie-beam rails are made from heavy
W200x22 beams. This TL-4 thrie beam-on-steel post transition redirected the single-unit truck
upright.
At this time, no research has been done to develop transitions for the trailing ends of bridge
structures. Most States simply use the same standard transition designs for these departure ends.
A barrier may not be warranted at the departure end unless there is an embankment or fixedobstacle hazard. However, for one-way roads where a barrier is warranted, it may be possible to
save money by only structurally attaching the guardrail to the parapet and using few, if any,
reduced post spacings. This will be investigated in the near future by using finite element
analysis.
W-Beam-to-Thrie Beam Transitions
It is a common practice to use a 3.5-mm- (0.138-in-) thick or 10-gauge symmetrical transition
piece to connect a W-beam rail to a thrie-beam rail. In order to facilitate making this transition,
the centerlines of both the W-beam and thrie-beam rails are located 550 mm (21.6 in) above

ground. When the symmetrical transition piece was crash tested with a pickup truck, the
W150x13.5 steel posts leaned backwards. This allowed the symmetrical transition piece to rotate
backwards and form a ramp that caused the test vehicle to rear up and roll over (16). A similar
test conducted by the State of California using strong wood posts was successful. In the
California design, an additional wood post was placed behind the center of the symmetrical
transition piece to stiffen and support it.
However, development of an unsymmetrical transition piece made of 2.67-mm- (0.105-in-) thick
or 12-gauge steel was not successful. The lower edge of the unsymmetrical transition piece had a
constant height above ground. In other words, all of the change in height between the W-beam
and the thrie-beam rail occurred at the top edge. Even though there was an extra steel post behind
the center of the unsymmetrical transition piece, the steel posts rotated and the pickup truck
snagged on the posts and rolled over. The unsymmetrical transition piece was torn almost in half.
This failure has been attributed to the thin gauge of the transition piece.
Summary and Conclusion
It has been known for a long time that there are multiple transition zones in a guardrail-to-bridge
rail transition. However, it is now evident that any or all of these transition sections may be
critical, i.e., there is no single CIP. Care must be taken so that the “hard spot” is not simply
moved from the end of the concrete section to another location farther away in the transition
section. Small design details may be crucially important. Since crash testing is expensive and
time-consuming, finite element analysis will be used increasingly in the future in order to more
thoroughly evaluate transition designs and to develop improved designs. Crash-tested transition
designs for TL-2, TL-3, and TL-4 are currently available. Even a TL-3 transition from a threecable guardrail to a W-beam guardrail has been developed (17). Additional information about
these tested transition designs can be obtained from FHWA’s website.
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Acceptance of Advanced Assistance Systems by Czech Drivers.
Karel Schmeidler PhD. Associated Professor, Transport Research Centre Brno, Vinohrady
10, CZ-639 00 Brno, Czech Republic, Phone: 004205-43215050 ext. 124,
E-mail: schmeidler@cdv.cz
Department of Applied Human Sciences of the Transport Research Centre Brno, Czech
Republic takes part in Europe-wide research project ADVISORS. ADVISORS is a project cofunded by the European Commission, in which governmental and other research institutes, a
transport company, insurance companies, and industries of ten different European countries
participate.
The political economical and social changes in the Czech Republic in the last decade have led
to increasing mobility, mostly in the private sector. Some European countries achieved
substantial reduction in fatalities in the turn of the century, while others, the Czech Republic
is one of them, saw road safety worsen.1
Beyond such variations, the overall European downward trend in fatalities demonstrates that
targeted car and road safety measures which include Advanced Driver Assistance Systems
/ADAS/ can help to avoid road accidents in spite of increasing level of car ownership and
motorization. In different ADA systems there are various functions (such as ACC, ISA etc.)
that are designed to reduce crash risk and enhance driving comfort. In addition, in individual
ADA functions it is very common that different levels of intervention exist, ranging from
informative to intervening systems. In other word, some systems are designed to reduce crash
risk by providing support to drivers in a number of ways, by even taking over control of the
driving task and intervening in situations of increased crash risk to eliminate or et last reduce
risk to an acceptable level. Some systems aim at reducing crash risk by informing or warning
drivers of imminent hazards, like following the vehicle in front too closely, hazards to be
expected ahead on the route or incidents blocking the road or causing some time delays.
The expectation concerning these informing or warning systems is that road users utilise this
information by adapting their behaviour to account for the hazard and thus decrease the crash
risk and avoid a collision. To gain the best safety effects of ADA systems, it must be ensured
that the driivers understand the technical capability and the level of intervention that the
system he or she is using is capable to offer. This is possible only if the functions and level of
intervention of different ADA systems are described with terms that are understandable to the
user.
According to recent OECD research, if all known road safety measures were adopted by all
member countries, the number of deaths on roads in OECD countries could be cut, not just by
a few percentage points, but as much as 50%. ADA systems may help to make the entire
driving experience safer for consumers. They gear to reduce vehicle collision, to enhance
occupant protection and to assist post event (crash etc.) rescue. However, it is common
knowledge that the implementation of a lot of ADAS is not based on users expressed wishes
but rather on the manufactures considerable technological push. Furthermore
misunderstandings between developers technical terms and users´expectations and
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Provisional estimates of road fatalities in 19 OECD countries show an average overall reduction of 3% during
the first half of 2000, continuing the downward trend of the past few years. However, this modest improvement
mask the facts that even greater improvements could be within all countries reach. A total of 25 930 people were
killed on roads between January and June 2000 in 19 OECD countries for which figures are now available, down
from 26870 in the same period in 1999. For the Czech Republic is important, that there were wide disparities in
the performance of different countries.
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assumptions are making the conversation between the providers and the users irrelevant and
even impossible.
Acceptation of common EU transport law, and in the other hand the negative impact of
transport like environmental pollution, congestion and fatalities make it possible, that the
introduction of telematic aids and services in standard cars in the Czech Republic is no longer
a distant prospect – it is reality. The introduction of co called Advanced Driver Assistance
Systems /ADAS/ into traffic is expected by authorities to enhance safety and comfort of
driving to optimise the traffic flow in the Czech Republic and to decrease fuel consumption.
However, will such expectations be fulfilled? For example, is it really safe to attend to
warnings about exceeding the speed limit, being to close to the vehicle ahead and drifting
slowly off the white line, when you to overtake but only forgot to use your indicator lights?
ADVISOR project attempts to resolve the expected problems by undertaking the following
actions: The project focuses on the assessment of driver behaviour changes due to
implementation of various types of ADAS. Questionnaires, laboratory tests, driving simulator
and on-road tests were used performing in parallel a thorough cost-benefit assessment of each
tested scenario, to allow the relevant authorities to select not only reliable, but also affordable
evaluation means for ADAS assessment. ADVISORS developed a common framework for
the evaluation of ADAS, using an integrated traffic environment approach, considering
impact and benefits throughout the traffic chain and not localised only to one type of
infrastructure for which the system might be developed.
ADVISORS conclude with recommendations for methods of type approval and
standardisation of actions for ADAS marketing, as well as legislative, organisational and
institutional recommendations for their applications. This will bring the relevant technology
one step further, to the service and benefit of the Czech and European citizens.
Project innovations include the development of a new common, user friendly ADAS
terminology, enhancement of user acceptance, public awareness and avoidance of the creation
of false assumptions and expectations to the end users. In addition, the project will provide
definitions of ADAS priority application scenarios, which will have the census of all bodies
involved (industry, national and European authorities and Czech society as a whole).
Traffic safety
The accident reduction of ADAS, estimated to be up to 20% of all accidents, will be
distributed between different systems.
Economic gains
ADVISORS PROJECT aims to speed up the implementation of ADAS by recognising and
overcoming their implementation barriers as well as to reduce unnecessary costs by avoiding
duplication efforts and errors in their evaluation, by devising a unique ADAS evaluation
scheme.
Standardisation
ADVISORS PROJECT provides type approval and draft standardisation schemes for selected
ADAS, thus promoting their standardisation. Furthermore, by recognising the necessary
legislative, organisational and institutional actions in each country for their implementation,
the proposed implementation schemes will be applicable to every European country. Indeed,
ADVISORS PROJECT results are expected to provide the necessary scientific basis for an
ADAS implementation at European level.
Environmental impact
ADAS improved implementation, through ADVISORS PROJECT results, will promote
environmental protection both through less road accidents and road network efficiency
improvements. The new tools for such impact evaluation will allow amore objective and
reliable environmental impact assessment and thus promotion of future ADAS
implementation schemes.
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Working conditions and quality of life
Embattling ADAS implementation barriers and speeding-up ADAS diffusion, the creation of
new jobs and better working conditions in the transportation sector is also supported.
Furthermore, less traffic bottlenecks through ADAS implementation would mean better
quality of life and better working conditions for the Czech population.
Results
In the Czech Republic the data was collected by personal interviews (CDV psychological
laboratory in Prague and CDV section S15 in Brno) with very limited assistance from
personnel. The professional drivers were questioned when they did their routine professional
evaluation for their employers.
Price was expected to be especially important in the Czech republic, as the Czech motor
vehicle fleet is older and cheaper as compared to this study's other countries. In addition, in
SARTRE2 a trend of Finnish, Greek and Italian drivers indicating the new technology as
more useful than the Czech, German and Dutch drivers was noticeable. Therefore, one might
presume that the drivers in the first-mentioned countries would be more technology-oriented,
and that price on the other hand might play a bigger role in the Czech, German and Dutch
drivers' acceptance of the systems in this survey.

Greece
Czech Republic
Italy
Germany
Netherlands
Finland

All drivers

Car / van drivers

179
195
90
145
120
182

109
189
86
145
87
94

Heavy vehicle
drivers
(truck / bus)
70
6

31
88

In the Czech Republic both private and professional car drivers indicated the navigation
function as being the most important function in all three environments. Only the speed
limiting level of the ISA function on motorways was considered more important by
professional car drivers. Price was unexpectedly mostly considered only the third most
important attribute.
Respondent characteristics
Table 1. Social characteristics of the Czech respondents.

All drivers

Car / van drivers

Heavy vehicle drivers
(truck / bus)

gender:
male
female
n

80.5%
19.5%
195

79.9%
20.1%
189

100.0%
0%
6

mean age:
(std)
n

32.6
(14.0)
193

32.3
(13.9)
187

43.0
(13.8)
6
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Table 2. Driving characteristics of the Czech respondents.

All drivers

Car / van drivers

Heavy vehicle
drivers
(truck / bus)

years driving license
mean
(std)
n

13.3
(13.4)
195

12.9
(13.1)
189

27.0
(14.6)
6

annual kilometrage
mean
(std)
n

16119
(22717)
194

15255
(21957)
188

43167
(31352)
6

mean kilometrage on
...
on motorways (std)
on rural roads (std)
on urban roads (std)

25.1% (20.2)
43.4% (21.6)
31.5% (20.9)

25.5% (20.2)
43.8% (21.5)
30.8% (20.0)

14.1% (16.8)
31.5% (26.2)
54.5% (36.7)

Table 3. Type of motor vehicle usually driven by the Czech respondents.

private car
van
bus
lorry
truck
n

94.9%
2.1%
1.0%
1.5%
0.5%
195

Table 4. Vehicle characteristics of Czech car or van drivers.

Car / van drivers
ownership:
private <50% for
business purposes
private >50% for
business purposes
company car
n
price of new vehicle
EUR
mean
(std)
n

81.4%
9.0%
9.6%
188

4433
(5552)
188
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Table 5. Existing equipment in Czech respondents' vehicle. The percentage indicates the percentage
of the vehicles currently equipped with the system.

Speed adapter
Cruise control
Navigation
Back up control
ABS / traction control

All drivers
5.2%
3.7%
4.7%
5.3%
22.8%

Car / van drivers
4.8%
3.2%
4.3%
4.9%
22.5%

Table 6. Czech respondents' familiarity with the ADA systems presented in the questionnaire. The
percentage indicates the percentage of the respondents that indicated to be familiar with
the system.

ACC / distance
keeping
ISA speed limitation
Navigation

All drivers
22.5%

Car / van drivers
22.7%

35.7%
42.4%

35.2%
43.2%

Table 7. The attractiveness preference model for Czech respondents

Motorways
car
car heavy
privat profes vehicl
e
sional
e
ACC
distance
warning
vehicle
followin
g
assistan
ce
stop&g
o
assistan
ce

ISA

Motorways and rural roads
all

car
car heavy
privat profes vehicl
e
sional
e

10.46 15.38

8.14 10.67 17.35

-0.02

0.29

0.06

-0.14

-0.43

0.23

-0.37

0.12

0.16

0.33

All roads

Heav
car
car
y
all privat profes
all
vehic
e
sional
le
8.
12.14 13.37 7.94
93
0.
-0.19 0.22 0.08
15

0.20

0.05

-0.25

0.
03

-0.21

0.08

25.73 29.37

-0.18

-0.02

0.10

25.30 30.02 22.96

-0.01

-0.27

0.17

27.67 20.50 29.37

no
support

-0.04

0.54

0.06

0.11

0.08

0.09

-0.10

-0.38

speedin
g
warning

0.55

0.20

0.43

0.37

0.46

0.40

0.43

0.96

0.
18
23
.5
1
0.
17
0.
52
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speed
limitatio
ns

-0.51

Navigat
ion

43.91 28.67

43.20 50.12 47.45

50.32 39.75 33.33

no
support

-0.95

-0.31

-0.79

-0.84

-1.03

-0.91

-0.82

-0.88

0.08

-0.47

-0.02

0.27

-0.01

0.20

0.18

0.00

0.
17

0.87

0.78

0.81

0.57

1.04

-0.71

0.64

0.88

0.
68

19.90 26.57

23.37

static
route
info
actual
route
info

Price

-0.74

-0.49

-0.47

-0.54

-0.49

-0.33

-0.58

9.18 12.24

9.87 26.38 29.37

0.
35
41
.8
2
0.
85

25
.7
4
0.
58
0.
22
0.
36

€ 500

0.41

0.69

0.44

0.12

0.28

0.15

0.56

0.88

€ 1500

0.01

-0.22

-0.02

0.02

-0.03

0.02

-0.16

-0.67

€ 2500

-0.42

-0.47

-0.42

-0.14

-0.25

-0.17

-0.40

-0.21

4.40

3.62

4.32

4.83

4.83

4.85

4.31

4.42

4.
32

48

11

62

51

15

66

53

8

3 64

regressi
on
intercep
t
n
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Negative side effects - Assessment of driver behaviour changes
It is predicted that changes in behaviour will occur with the introduction of new systems
(behavioural adaptation, risk compensation etc.). The use of blind spot detection and
navigation system, in place of a map, may lead to reduction in workload, which in turn may
lead to drivers increasing vehicle speed. The introduction of blind spot and navigation
systems may lead to changes in driver behaviour. Reduced workload and stress have often
undesirable effects such as increased speed. It has been suggested that the introduction of
blind spot detection and navigation systems may lead compensatory behaviour that may
reduce the benefits of the measures being implemented.
It has been also suggested that behavioural adaptation might occur in response to ADAS
through imitation and isolation effects. There is a danger of non equipped vehicles imitating
the behaviour of equipped ones.

6

Navigation Description of the system functionality
This ADAS system will give to the driver intelligent information, advice and warning.
Navigation systems aim to improve driving safety and should be used in passenger and heavy
vehicles. Navigation by providing location and route guidance to the drivers and supports the
various collisions avoidance capabilities with road geometry and location data at every
moment of the day and during all traffic and weather conditions. It will also provide the
necessary capability RDS-TMC Radio Data System/Traffic Message Channel to filter traffic
information to select those messages that are applicable to the vehicle location and route of
travel. It will also offer the capability to recommend optimal routing based on driver
preferences. More advanced versions of this service may integrate real-time traffic conditions
into the calculations of optimal routes. An extra module will enable the receipt of information
via GSM. The navigation display can also be used helping the driver when parking, using a
camera viewing backwards.
The techniques are developed, available and already marketed. Price depends on
sophistication, approx. 2000 Euro. It is expected that this system will be installed at the
factory more a more in new cars.
Driver’s behaviour is not expected to significantly reduce the system benefits or may even
further enhance them. Some behavioural adaptations could occasionally occur. It is probable
that behavioural adaptation will be detected (but depends on the situation). System
customisation may compensate for driver‘s behavioural adaptation.
Mitigation strategy and possibility
There is valid risk of exploiting some of the ADA systems by drivers to more risk behavioural
(escalating of speed, belittling of attention due driving).
To prevent doing that would be useful set these problematic ADA systems in order to
be active only when driver respect legal speed. When driver exceeded sufferable speed limit
there would be deactivating ADA systems, thereby would be prevent trade on them risky
behaviour and to undesirable transmittal of responsibility for driving vehicle from driver to
autonomous systems.
Essential condition to in place such as restriction would be prior in place of navigation
systems (for example GPS system of localisation and electronic maps), which would be
eligible assess what road is topically using by vehicle. Navigation systems in this case should
prior to control maximum speed limit in actually leg and compare that limit with real speed of
vehicle.
We do not expect that using of electronic systems of navigation should have great
negative impact to safety by means of undesirable behaviour adapting of drivers.
Blind spot detection
Driver’s behaviour is not expected to significantly reduce the system benefits or may
even further enhance them. There is a slight probability that some behavioural adaptation will
occur. The behavioural adaptation is detected only in particular cases. System is inflexible to
driver’s behavioural adaptation.
Risk Analysis Results
Occurence
Failure Detection Severity probability Detectability Recoverability

Risk

Navigation

No satellite
transmission

2

6

6

3

54

Blind spot
detection

No camera
transmission

2

5

8

9

85
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Mitigation strategy and possibility
To resolve blind spot problem when driving forward would be good use mechanistic
resolving whereby addicting rear-view mirror integrated into doors mirrors of automobile.
To resolve blind spot by means of visual sensors located on stern of vehicle would be
appropriate put to use in the first place when reversing. To realise potential of camera when
reversing enhances broadly safety mainly for heavy vehicles. Stern camera should
compensate also missing rear-view mirror in interior.
We do not expect that using of electronic systems eliminated blind spot should
have great negative impact to safety by means of undesirable behaviour adapting of drivers.
Both of these systems (navigation, blind spot detection) are information only. Such
systems provide information to the driver by audible or visual means. Information only
systems have no connections to any vehicle operational controls.
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1

Introduction

In 1996 the European Commission started the COST1 Action 334 „Effects of Wide Single
Tyres and Dual Tyres“ for trucks. The main objective of the action was to establish the
relative effects of wide base single tyres and dual tyre assemblies in respect of road pavement
damage, vehicle operating costs, vehicle safety, vehicle comfort and environmental aspects (e.
g. tyre/road noise).
This paper only describes the vehicle safety aspects. The practical research work
(mathematical simulation of the truck driving behaviour) was carried out by order of BASt by
the former Institute of Automotive Engineering of the University of Hanover [1] and was part
of the German input to the COST 334 action, which will be finished in 2001 [2].
2

Aim Of The Study

Cost-reducing aspects such as a lower purchase price and reductions in empty weight and
rolling resistance have promoted the use of wide single tyres on the towed axles of trailers
and semi-trailers.
The development of tyre industry together with the truck manufacturers goes into the
direction to introduce wide base single tyres - with a tyre width of nearly half a meter – (size
495/45R22,5) instead of twin tyres also on the driving axle of trucks, tractors and busses,
see figure 1.

Figure 1: Wide Base Single Tyres
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COST = EUROPEAN COOPERATION IN THE FIELD OF SCIENTIFIC AND TECHNICAL
RESEARCH

1

To study the driving behaviour and safety of various trucks and units with different tyre
combinations and loading conditions was the aim of the study.
3

Methodology

In this research project a computer-aided simulation in ADAMS2 was used to investigate
and compare the driving behaviour and driving safety of heavy goods vehicles with wide
single tyres on their driving axles on the one hand and standard vehicles with twin tyres on the
other. The different tyre widths also enabled alterations to be made to the vehicle’s chassis, e.
g. changes in the frame width, the spring suspension width and the stabiliser setting.
The following practically-relevant scenarios were simulated:
•

keeping the same drive axle (width), only alteration of the different tyre combinations for
the drive axle (smaller rear track width for the single tyre ) incl. alteration to tyre
characteristics, tyre mass and tyre inertia moment;

•

enlarged axle width (70 cm) with the same spring suspension width for the single tyre,
same outer width

•

enlarged axle width and alteration of the width of the spring suspension and consequent
alteration to the roll stiffness while keeping the stabiliser dimensions the same;

•

driving behaviour (safety) with a defect tyre (tyre burst) while driving in a bend (danger of
jack knifing).

In order to cover as large a range of vehicles as possible, the simulation was used to test a solo
truck (about 15% of the heavy goods truck fleet > 15 t in Germany), a truck with draw bar
trailer (about 35 % of the fleet) and a tractor with semi-trailer (about 50% of the fleet).
Appropriate driving manoeuvres were also selected for the simulation in order to observe
driving safety with the different tyre variations. These were in particular:
•
•

Single lane change: looking for offtracking and rearward amplification
J-turn (driving in a sharp bend like in a highway exit): looking for stability limits

J- turn

a

b

time

Figure 2: Steering angle vs. time in J-turn test

In the simulation the height of the centre of gravity of the pay load was varied from 1,8 m
(like in the driving tests described below), to 2,7 m (centre of volume) and additionally a
swinging load hanging from the body’s roof (as worst condition for the driving behaviour)
was simulated.
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ADAMS = AUTOMATIC DYNAMIC ANALYSIS OF MECHANICAL SYSTEMS
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Additional driving tests (single lane change with the path following method and driving on a
circular course) were carried out according to international (ISO) standards with a 40 t
tractor semi-trailer combination which is the most common variant. These tests were,
however, carried out without any alterations to the chassis of the tractor, see figure 3. The
tyres chosen were:
•
•
•

315/70R22,5 on the steering axle of the tractor
315/70R22,5 as twins or 495/45R22,5 as single on the drive axle of the tractor
385/65R22,5 as singles on the three towed axles of the semi-trailer

These driving test results – carried out by KTI in Hungary - were used to verify the computer
simulations. It was assumed that, if the results of this unit is comparable with the results of the
simulation of this unit, that also the solo truck and the truck trailer unit is verified.
The lateral stiffness (cornering stiffness) of the different tyres was measured by a special
measuring truck of the University of Hanover, the wide base 495/45R22,5 super single tyre
was measured on a tyre flat-band-test facility by Michelin. The tyre characteristic curves for
the single steps in the simulation were taken from calculations with the Delft Tyre Model.
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Figure 3: Path of single lane change (and formula) for the drive tests of KTI
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Results

The cornering stiffness of the wide base single tyre is higher than that of the dual tyres, see
figure 4. This is the main reason for the more under- steering behaviour, which usually is said
to be safer than than over- steering, of for instance a single truck. This was also observed by
3

drive tests carried out by Volvo [2]. The tendency to under- steering can also be observed for
units.

side force / vertical force

0.6

0.5

0.4

0.3
single tyre
0.2
dual tyres
0.1

0
0

1

2

3

4

5

6

7

8

slip angle [deg]

Figure 4: Cornering stiffness of wide base single and dual tyres in principal

From the simulation of the single lane change manoeuvre (and from the driving tests, too) it
can be seen that the rearward amplification of the yaw velocity and the lateral acceleration is
somewhat lower for the single tyres compared with the dual tyres on the drive axle. The
difference of the rearward amplification of the lateral acceleration on it’s maximum at 0,5 Hz
is about 5%, the difference of the rearward amplification of the yaw velocity is much smaller
and therefore neglectable. Variations in the spring base width obviously do not have a
noticeable influence on the driving behaviour. Also the height of the centre of gravity do not
change the described behaviour in general.
Most information can be derived from the stability simulation of driving into the J-turn.
Figure 5 shows possible vehicle reactions, which are mainly dependent of the centre of
gravity height and tyre characteristics. In the simulation the velocity was increased step by
step until one of the stability limits was reached. The maximum velocity and the maximum
attainable lateral acceleration are the interesting parameters.
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Tractor semi-trailer going into skid

Tractor semi-trailer roll over

Tractor semi-trailer jack knifing
Figure 5: Unstable driving conditions for a unit (stability limits for J-turn simulation)
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The driving radius is calculated by: velocity ² divided by centripetal acceleration.
The actual driving behaviour can be described by comparing the radius relative to the radius a
vehicle would follow with a given steering angle without a lateral acceleration, that means
driving with a speed of nearly zero. If the actual driven radius proves to be higher, the
behaviour of the vehicle can be described as under- steering (safer) and if the radius gets
smaller, the behaviour is called over- steering. The danger of jack-knifing is the result.
The maximum attainable lateral acceleration can be compared, too. It signifies a kind of
resistance against roll- over. For the road trains ( and trucks in the same kind) the following
versions were examined, see figure 6. The spring base is adapted every time for the different
tyres used.
OLD

CURRENT

295 or 315

295 or 315

NEAR FUTURE

385

Fifth wheel
and kingpin

295 or 315

295 or 315

495?

smaller
tyre diameter?

10’’ or 11’’

38 tons

385

40 tons

385

40 tons or more

Figure 6: Old, current and future tyre combinations used for tractor semi-trailer
combinations
For articulated vehicles there is no difference in the maximum attainable lateral acceleration.
The attainable max. lateral acceleration is strongly dependent of the height of the centre of
gravity. Increasing the height of the centre of gravity by 70 cm reduces the max. lateral
acceleration to about 40%. Swinging loads hanging from the
roof is the most dangerous loading condition. The attainable max. lateral acceleration is
reduced to more than half of that attainable by the vehicle with low centre of gravity. The
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max. lateral acceleration is improved for the solo truck using wide base single tyres by about
10 %. This means a higher roll- over stability can be achieved, see figure 7.
J-turn

max. lateral acceleration [m/s²]

6,0
old
situation

5,0
4,0

current
situation

3,0
2,0
1,0

future
situation

0,0
low centre high centre
of gravity
of gravity

swinging

truck semitrailer

low centre high centre low centre high centre
of gravity
of gravity
of gravity
of gravity
truck trailer

solo truck

Figure 7: Max. lateral acceleration for different trucks and articulated vehicles with
different CG heights
Figure 8 shows the results of the critical (max.) speed of trucks and units going into a J-turn.
Trucks and units have a higher critical speed with the same lateral
J-turn
38,0

critical speed [m/s]

35,0
30,0

old
situation

25,0
20,0

current
situation

15,0
10,0

future
situation

5,0
0,0
low centre
high
of gravity centre of
gravity

swinging low centre
high
low centre
high
load
of gravity centre of of gravity centre of
gravity
gravity

tractor semitrailer

truck trailer

rigid truck

Figure 8: critical speed of trucks and units with different tyre combin. and CG heights
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acceleration, if they are equipped with wide base single tyres. This means they have a
(safer) more under- steering driving behaviour. This advantage is higher with the trucks and
units having a lower centre of gravity. The critical speed for a single truck is about 10 %
higher having wide base single tyres on the drive axle.
Another safety aspect is the vehicle behaviour in case of sudden tyre burst especially in a
bend. This was studied by simulation, too. Most dangerous is a sudden tyre defect on the outer
tyre of the drive axle. Only the 40 t tractor with semi- trailer was analysed. As soon as the tyre
loses its pressure two effects will take place:
•
•

The maximum transferable side force of a defect single tyre goes down rapidly, for a twin
assembly only one tyre can transfer side forces.
With a flat single tyre the wheel and the car body goes downwards, for a twin assembly
one tyre has to carry half of the axle load alone, but the vehicle body moves down only a
little bit.

Both effects were part of the simulation. The loss of tyre pressure was assumed to be one
second. The max. transferable side force for the single tyre was assumed to be 40 % relative
to the intact tyre. For these parameters the critical speed and maximum lateral acceleration in
case of the J-turn manoeuvre were calculated, see figure 9.
sudden loss of tyre pressure

lateral acceleration [m/s²]

6
5
4
3
2
1
0
dual assembly,
low centre of
gravity

single tyre, low
centre of gravity

dual assembly,
high centre of
gravity

single tyre, high
centre of gravity

after loss of tyre pressure
befor loss of tyre pressure

Figure 9: Max. lateral acceleration for a 40 t unit having a sudden tyre burst on drive
axle in a J-turn
The over- steering driving behaviour, caused by a puncture damage of one of the dual tyres,
changes into an (safer) under- steering behaviour, if a wide base single is used, (The change
into higher lateral acceleration values for twin tyres indicate a smaller radius in the path). It
has to be considered that a wide base single tyre has the disadvantage, that the roll over limit
is considerably lower, for both low and high centre of gravity, if a tyre burst happens.
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Conclusions And Further Non Safety Effects Of Wide Base Super Single Tyres

Wide base single tyres for drive axles are in the development now and will possibly replace
the twin tyres used today. The driving behaviour of trucks and articulated vehicles was
studied by computer simulation. Drive tests with the a 40 t unit with prototyp single tyres on
the drive axle were carried out to verify the simulation.
The following results were derived from the simulation: Alterations in driving behaviour and
driving safety are mainly dependent on the tyre characteristics (cornering stiffness) of the tyre
itself. The wide single tyres showed a higher level of lateral stiffness which was reflected by a
higher degree of under- steering i.e. safer driving behaviour. This tendency is beneficial with
regards to the steerability of a vehicle combination. The altered width of the spring suspension
on the drive axle had no influence on the side- tilt stability of the vehicle combination. Only
the solo truck profited from the higher roll stiffness of the rear axle, which means a lower
danger of a roll- over accident. As far as the driving safety is concerned no factor spoke
against using wide base tyres on the drive axle
The investigation into the driving stability with defect tyres on the drive axle showed for the
very seldom case of tyre defect in a bend (assuming 40% max. transferable side force) no
increased danger when using wide base single tyres.
In addition to the described safety aspects some more advantages and disadvantages of wide
base single tyres should be mentioned but without further explanations [3]:
• The rolling resistance of a single tyre is about 20 % less compared with twins. This leads
to lower fuel consumption (about 2 % for a 40 t unit) and lower CO2 emissions.
• A higher pay load (130-150 kg) can be realised.
• The tyre road noise is nearly equal for both tyre combinations.
• The road wear (rutting) is higher for single tyre equipped trucks, especially on secondary
roads. This can be nearly compensated if 385 size tyres are used on steering axles.

6

Literature

[1] Faber, A.: Rechnerische Simulation des Fahrverhaltens von LKW mit Breitreifen,
BASt Bericht, Reihe Fahrzeugtechnik, Heft F 30, Berg. Gladbach, 5/2000
[2] Hahn W.: COST 334 WG 5 Report, (Chapter 6 of the Final COST 334 Report),
Brussels 2001, in Printing
[3] COST 334 (WG 3 and WG4 Report) Final Report, Brussels 2001, in Printing

9

IMPLEMENTATION OF A CELLULAR PHONE TERMINAL IN
TRANSPORTATION PROCESSES AS A FUNCTION OF TRAFFIC
SAFETY IMPROVEMENT
Prof. Martin Lipičnik, Ph.D,
Simon Jazbec, M.Sc., Assist.
University of Maribor
Faculty of Civil Engineering
Road and Traffic Centre
Smetanova 17, 2000 Maribor
SLOVENIA
Tel.: +386 2 2294 375, Fax.: +386 2 2525 337
1. Introduction
The incessant tendency to improve the passive and active safety in road traffic dictates the
development of novel advanced safety systems in motor vehicles. High-capacity processor
devices, used for this purpose, are capable of high-speed processing of the data obtained from
various sensors and of transmitting the processed data to the driver, or even to act
automatically via execution units, thus reducing the potential danger, moderating traffic
accidents or even preventing collisions. On the other hand, we are witnessing a rapid
development of systems for informing the driver about the traffic conditions or for two-way
transmission of traffic data in the relation traffic centre-driver. The development of these
technologies is very intense and the available products, if properly incorporated into traffic
systems, contribute substantially to the improvement of traffic safety. It is therefore highly
recommendable to study the safety aspect of individual technological solutions, from both the
functional and the implementation standpoint, if we wish to choose the right technology.
Traffic safety is one of the key factors that need to be studied with special care in the
selection of communication technologies. It often happens that some secondary elements of
traffic safety are overlooked during the selection and implementation of various ITS
technologies, which may gravely affect the potential of communication technologies.
Further on we will analyse the functioning of some in-car safety systems and discuss the
future development trends. In the first part we will analyse the development trends of in-car
safety systems and their impact on active and passive safety in road traffic. In the second part
we will present the recent developments in communication technology implemented in road
traffic systems. In addition to the existing communication technologies, we will focus on the
most advanced ITS technologies, among which automatic tolling certainly belongs.
Automatic tolling is one of the first ITS technologies that has been massively used on
highways in the developed countries of Europe and America and is accessible to practically
every driver. The safety aspect of automatic tolling will be analysed with respect to the
specific technological solutions of individual automatic tolling technologies.
Further on we will present an integrated information system and the supporting
technology. The system was designed using the results of two detailed analyses: a safety
analysis and an analysis of the most widely used technologies. The proposed integrated
information system serves to transmit information between the driver, the motor vehicle and
the traffic centre in both directions. In addition, the possibility of using it for automatic

tolling purposes is included. The technology that suits all of these requirements is the existing
mobile communication telephone network (GSM, UMTS, etc.). The technology of the
proposed system has been protected by patent in the Republic of Slovenia by the authors of
this paper. A thorough safety analysis of the technology supporting the proposed system has
been performed. The advantages of the proposed system have been compared with those of
other available systems.
2. The Development Of Advanced Motorcar (Safety) Systems
In-car safety systems are designed to increase the safety of its users and to upgrade the
efficiency of vehicles during the ride. The most important task of these systems is to provide
the driver with the crucial safety information in the right time, or to automatically correct the
manoeuvring in dangerous situations.
IN-CAR SAFETY SYSTEMS
AVOIDING OF COLLISIONS IN
DRIVING DIRECTION
(correcting of longitudinal vehicle speed)
systems for improved visibility, autom. cruise control...

TIM
E

active lateral sensors...

E
TIM

AVOIDING OF LATERAL COLLISIONS
(correcting of lateral vehicle speed and direction)

AUTOMATIC AVOIDING
(correcting of longitudinal and lateral vehicle speed and
direction)
active lateral and longitudinal sensors...

AUTOMATIC DRIVING SYSTEMS

Fig. 1: Conventional Scheme Of The Development Of Advanced In-car Safety Systems
Systems of this kind are often so designed that they function only on the basis of
information obtained from various sensors placed in the vehicle (conventional scheme of incar safety systems).
3. The Development Of ITS Communication Technologies
Most of the safety analyses are based merely on the analysis of the effectiveness of these
systems. However, analyses quite often overlook the fact that many unexpected events could
be foreseen if enough information on traffic were available. Today, this information can be
gathered and transmitted to the vehicle by various more or less powerful technologies (GPS,
GSM/UMTS, RDS-TMC, etc.). It is also possible to transmit information from the vehicle to
the traffic centre or to another vehicle (emergency calls, driver calls reporting on traffic
circumstances, information on the current vehicle conditions, etc.). Therefore it seems
reasonable to adopt a novel approach to the analysis of these systems. We should namely
start searching for a technology:
•
•
•
•

whose technological properties offer the greatest possible degree of safety,
which is cost effective,
user friendly,
widely used for other communication purposes, and

•

technologically feasible.
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Fig. 2: The Use Of Technologies Supporting In-car ITS Systems
It is evident from the above presentation that the use of ITS technologies is very versatile
and broad. Of course, the pertaining data and information transmission technology is just as
versatile and broad. Since electronic tolling has become one of the most wide spread ITS
technologies in Europe and America, we will discuss it primarily as a Road Pricing
instrument, i.e. as a promising system which is rapidly gaining importance in all developed
countries together with the progressing Road Pricing policy. So far, this system has only been
used for tolling, and almost never its communication technology had been used for two-way
transmission of any other traffic information. One of the rare exception is the Japanese
system Smartway 2001, which started with trial operation during the Olympic games in
Nagan.
3.1 Electronic Toll Collection As The Basic Road Traffic ITS Technology And A Safety
Analysis Of The Existing ETC Stations
The traffic at electronic toll-collection stations is much more complex than the one at
manual tolling stations. As a consequence, the existing infrastructure has to guarantee:
•
•
•
•
•
•
•
•

safe distribution of all vehicles , particularly those lining-up for electronic toll collection
safe redistribution of vehicles erroneously lined-up in the electronic toll-collection lane
(not enough prepayment credit left, lost card, card malfunction, etc.)
clearly placed visible information about the organisation of the toll station, particularly
for users of electronic tolling
possible arrangement of reversible lanes during rush hours
uninterrupted smooth travel for electronic tolling users who fulfil all the requirements
special lanes for trucks and buses, usually located on the extreme right-hand side
safe re-inclusion of motor vehicles in motorway lanes
a safe speed profile that causes no danger for other drivers

It is difficult to design an infrastructure that would fulfil all the above criteria in case of
toll prepayment systems. Systems that cannot offer automatic classification represent a
serious traffic arrangement problem, so they will gradually be abandoned. If the system finds
out that there is not enough credit left on the card (On Board Unit, SmartCard) to pay the toll,
either the driver has to reverse the car or a combined lane has to be available for the driver to

buy the prepayment or to pay the toll manually. The same applies to drivers whose card has
been stolen or lost, or does not work.
It is somewhat easier to fulfil the above criteria if the so-called "central account systems"
are used. These systems are based on motorcar identification, and upon the driver's
authorisation the toll charge is paid by direct debit (via his bank account). Two typical
representatives of such systems are the French Area and the Italian Telepass. However, this
solution still represents a problem for vehicle distribution because we have diverging and
merging traffic flows from the extreme left to the electronic tolling lane, and further still to
the automatic tolling lane. Trucks that generally drive on the extreme right lane are bound to
line-up on the left side, where manual tolling takes place. In case of peak traffic flow,
vehicles might line-up the last moment, i.e. 100m before the tolling station. In such
circumstances we can easily expect crossing traffic flows. What we get are points of conflict
where accidents are likely to happen. The correlation between the theoretical and real number
of conflict points can be obtained from a study on the theoretical number of conflict points.
The number of theoretical conflict points does not decrease if canalisation of traffic flows is
used, but the number of real conflict points does. Canalisation of traffic flows is necessary for
the implementation of subsequent guidance to the combined lane. It should be noted that in
case of electronic toll stations drivers without electronic equipment often use the fast lanes
designed strictly for owners of electronic equipment in spite of the clearly placed traffic
signs. When the system finds out that the vehicle is not properly equipped to pay the toll, it
does not lift the barrier. Subsequent redistribution is not possible, so the divers have to
reverse to leave the lane. The problem increases non-linearly with the increasing number of
vehicles behind this driver. All these inconveniences lower the efficiency of electronic tolling
and automatic toll collection, as well as the popularity of ITS technologies.
By placing electronic toll lanes to the left we get a favourable speed profile and a safer
redistribution of vehicles. The canalisation of electronic tolling users (they drive at higher
speeds) to the left causes less conflict points because the distribution of vehicles to the
extreme right-hand lane is no longer necessary. However, reversible lanes are not feasible in
this solution because they require much larger tolling stations.

Speed profile before
toll station

Speed profile on
highway

Fig. 3: Speed Profiles On The Highway Before And During Passage Through The Toll
Station
One of the possibilities to partially eliminate problems of this kind is to redouble roadside
equipment. This means that an additional antenna is placed at a certain distance before the
tollbooth in addition to the one placed in its direct vicinity. The first antenna checks whether
the approaching vehicle is properly equipped for fast tolling (a properly functioning
authorised card), while the second antenna, placed at the tollbooth, executes electronic tolling

and lifts the barrier. This approach substantially speeds up the tolling process. If the system
detects any kind of irregularities, the offender’s data are stored, thus enabling subsequent
sanctions or redistribution of the motor vehicle to the neighbouring combined lane. In this
way reversing is avoided and traffic safety improved. Speed reduction in the direction
towards the right side of the road can be reached only by placing the ETC lanes in the middle
of the roadway. Unfortunately, reversible lanes cannot be included into this arrangement.
This is the reason why tolling stations of this kind have to be larger in order to assure
sufficient traffic flows during rush hours. The placement of ETC lanes to the extreme righthand side with simultaneously introduced combined tolling on the second lane from the right
has to be supported by canalisation of drivers from the first lane to the combined lane.

Fig. 4: Conflict Points During Distribution To The Combined Lane
Electronic toll collection on combined lanes is not possible without stopping the vehicle.
The vehicles lined-up for the extreme right lane (electronic tolling) for which irregularities of
OBU equipment had been detected are directed to the combined lane by not lifting the barrier
leading to electronic tolling. These vehicles have to redistribute physically to the combined
lane from the right side directly in front of the tollbooth. The vehicles that have not been
canalised yet are approaching the combined lane from the left, which results in a conflict
point caused by merging traffic streams. Lining-up of vehicles far back from (before) the
tolling station represents an even greater problem for placing the electronic tolling station on
the extreme right lane.
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Fig. 5: Conflicting Speed Profiles - On The Highway And At The Toll Station - When
The ETC Station Is Placed At The Extreme Right Lane

The speed profile on the highway is namely contrary to the one on the electronic tolling
station. On the macro scale, the right lane of a motorway can be considered as the slowest
one because buses, trucks and slow passenger car units use it. The extreme left lane, or the
overtaking lane, placed along the central safety barrier, is considered to be the fastest lane.
Thus the vehicles coming from the overtaking lane have to redistribute in two steps to the
extreme right lane. This, of course, causes additional points of conflict. Most of the drivers
change the lane in one step only, which again results in points of conflict, this time due to
crossing traffic flows. In addition, drivers usually change the lane only some 100m before the
toll station, which again increases the probability of conflict points.

Splitting
Pooling
Crossing

Fig. 6: Conflict Points During One- And Two-Step Redistribution Of Vehicles
The traffic situation in the vicinity of tolling stations offering electronic tolling with
automatic identification is very much like the one around tolling stations without automatic
identification. Irrespective of the placement of identification equipment, the vehicle travels
through the tolling station at a lower speed (the speed limit during electronic tolling is 30 to
60 km/h), but without stopping. The classification equipment does not affect the traffic flow
or the traffic arrangement. The impact of combined or exclusive ETC lanes on traffic is
classification-independent. It should also be noted that the role of barriers is questionable in
terms of traffic safety. Malfunction of barriers is quite frequent, and of course, followed by
collisions.
It is evident from the above analysis that automatic toll collection with toll stations no
longer suits the needs of contemporary traffic flows, and therefore cannot represent the basic
ITS technology. Much more attractive and suitable are the advanced so-called "free flow
electronic tolling technologies". As the name tells us, tolling takes place during the ride,
which means that the traffic flow is not disturbed by the tolling process. In this case the toll
stations are quite simple. Tolling generally takes place at the travelling speed which is equal
to the limit speed on motorways. The multilane tolling system in free flow offers much better
traffic safety since almost all conflict situations are avoided. In addition, no larger
construction work on the motorway has to be done.
The implementation of ETC free flow systems (services) parallel with the conventional
tolling system brings a very dangerous traffic situation. The speed of vehicles driving on ETC
free flow lanes is very high in comparison with the speed of vehicles on lanes with
conventional tolling, which is absolutely not acceptable in terms of traffic safety. Many
traffic safety experts have declared that these two types of tolling systems should not be
integrated.
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Fig. 7: By-pass For Conventional Tolling
The option of physically separated lanes is much more acceptable. In this case ETC lanes
remain in the same position, while the vehicles on manual tolling lanes are directed to the
right from the traffic flow (splitting) for tolling on the by-pass lane. Inadequate traffic signs
(poor vertical signalisation) indicating when to change the lane for the desired tolling may
represent a problem. Systems allowing tolling at speeds higher than 120 km/h, which means
that the tolling time is less than 0.4 sec. (identification, classification, reading, OBU
recording, etc.,), must be highly reliable and extremely fast in every possible traffic situation
that can be expected on a highway:
•
•
•
•
•

concentrated (dense) traffic stream on one or several parallel lanes
changing of lanes under the portal
tight spacing of vehicles (short safety distance)
motorcyclist riding between two tall vehicles (buses)
tight parallel run of two vehicles

These requirements cannot be fulfilled even by free flow electronic technology, which
explains why the existing technology with a narrow (2,5 m) and short (< 5 m) communication
range is inappropriate for extended use in various ITS services. It is obvious that the time has
come to search for a basic technology among the available communication technologies, so
far used only for other traffic purposes.
4. The Need For a Universal Mobile User Terminal
Various systems, currently used in a wide range of applications, require specific hardware
and software solutions. The specific transportation applications within the road pricing policy
dictate a wide use of automatic systems. Thus the user is bound to be equipped with the
adequate hardware. In case of electronic tolling the user has to be equipped with at least one
hardware component, i.e. one special purpose On Board Unit (OBU) that cannot be used for
any other kind of data transfer between the vehicle and the traffic centre.
4.1 Integrated User Equipment For a Wide Range Of Services
Experts in intelligent transport systems (ITS) share the opinion that the equipment will
have to be integrated in a multitask mobile unit. The following key requirements were used
to define the relevant criteria for selecting the proper technology:
A) User and functional requirements
• High degree of terminal mobility
• Widespread use of the terminal among users

B) Technological and operation requirements
• High data transmission rate
• Assured two-way data transfer (uplink, downlink)
• Assured long-range (long distance) data transmission
• "Unlimited" communication range
• Cellular coverage (of service area) with signals
• Local and international tracing
• The possibility of integrating the terminal into existing communication systems
• Interoperability ( technical, administrative)
• Compliance with the existing telecommunication standards (RTTT, CEN, ISO, etc.)
• Reliability
C. Economic requirements
• Investment and transaction costs
4.2 The Appropriate Communication Technology
A detailed analysis has clearly shown that a mobile telecommunication network satisfies
almost ideally the previously discussed criteria (user, functional, technological, operational
and economical). The comparison of the mobile telecommunication network and the road
network reveals many similarities of both traffic subsystems. A detailed analysis of technical
and technological data was carried out at the Road and Road Traffic Centre in Maribor,
Slovenia. The final solution has been patented in the Republic of Slovenia, so we will not
discuss it in detail. The development of mobile telecommunication shows that in future global
tracking (Universal Mobile Telecommunication Systems - UMTS, MBS/MBMCS, etc.) and
high speed data transmission (> 2 Mbit/s) will be possible.
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Fig. 8.: The Development Of Mobile Systems Over 20 Years
According to various studies the number of mobile telecommunication users will reach 1
billion by the year 2004. To assure satisfactory signal coverage is the crucial condition for
implementing mobile telecommunication systems as the base ITS technology. In Fig. 9 we
can see that signal coverage coincides with the main road network cross (the presented data
refer to Slovenia).

Fig. 9: Overlaying Of Mobitel Signal Coverage And Of The Slovenian Main Road
Network
4.3 System Architecture
To assure optimal functioning of the system we proposed an architecture that links
individual external systems into an overall functional system.
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Fig. 10: Architecture Of Integrated Road Pricing System
The mobile telephony operator conveys the data to the road network manager, the town
traffic centre and the JPP service provider via the operator of fixed telephony. From the latter
three the user may acquire real-time information for route planning in the opposite direction
(via WAP protocols or SMS service). The same applies to fixed telephone network users.

These data are visually available to the driver in the vehicle or can be processed by in-car
safety systems, to subsequently enable taking measures on the basis of the obtained data.
The proposed technological implementation in the existing tolling systems demands
uninterrupted activity of the user's mobile terminal (mobile station). The specific properties
of the current mobile terminal technology do not guarantee uninterrupted activity as the user
may switch it off or on whenever he likes. This, of course, makes it possible to misuse the
system. As long as uninterrupted activity is not guaranteed (during the ride), misuse of the
system or interrupted information flow cannot be eliminated. To avoid this drawback our
technological model suggests the implementation of "reference points" located where the
conventional tolling stations used to be. The proposed implementation of reference points is a
constraint imposed to prevent the user from entering a certain road network without
activating the mobile terminal at least in this point. Reference points can be reached by
reducing the power of the base antenna or with a directional antenna that covers a very
narrow communication area in the microcell. It is also recommendable to place reference
points inside each road section. This actually represents an “open-closed” tolling system
because the only important thing is that a reference point is placed after the entrance into a
road and before the first exit from this same road. This means that each road has its own
reference point that registers the user, while all other information and data can be transmitted
all over the area.
4.4 Transaction In The Reference Point Area (Tolling Service)
The communication links between the roadside equipment, the vehicle and the mobile
telephony operator are shown below to demonstrate the functioning of the proposed system:
Link A: The user of the mobile terminal activates the option "tolling" prior to or during the
ride by entering a certain code determined by the mobile telephony operator and the road
manager.
Link B: The mobile telephony operator sends feedback information to the user's terminal
(display) via an SMS message or a return call like "activation confirmed" in letters or in the
form of a symbol.
Link C: When the reference microcell antenna detects the user with an activated "tolling"
option in its communication area, it sends a message to the telephone exchange of the mobile
telephony operator (tracing of this kind is the basis of every mobile telephone network). If it
is the first antenna that detects the user after activating the option "tolling", the code of the
entrance reference point is registered.
Link D: After checking the option "tolling", the mobile telephony operator sends information
about "opening" to the roadside equipment of the actual reference point. If the option
"tolling" has been activated, the roadside equipment does not activate the videocamera.
Link E: The roadside equipment (classifier) sends information about the category of the
vehicle to the mobile telephony operator. The processor in the telephone exchange of the
mobile telephony operator calculates the toll fee on the basis of a relational model and the toll
matrix, and multiplies it by the factor of vehicle class (category).
Link F: The operator of mobile telephony sends the user feedback information about his
registration in the reference point (in letters or a symbol shown on the user's terminal
display).
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Fig. 11: Communication Links Between The Mobile Terminal, Roadside Equipment
And The mobile Telephony Operator
Video surveillance equipment is the same as the one used in free flow electronic tolling. It
is activated only in case of violations.
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Fig. 12: Location Of Reference Point (Free Flow)
An additional advantage of this system is the possibility of using the mobile terminal as
some kind of safety element (vehicle blockage). Namely, the vehicle can be technologically
activated only if the in-car intelligent system is activated by an identification code via the
mobile terminal.
4.5 The Need For Physical Integration Of The User's Mobile Terminal In The Vehicle
A technological simplification of the system will not be possible until every vehicle is
equipped with integrated mobile terminals. This cannot be expected in less than some
decades, so the proposed concept will have to be implemented. Physical integration would
also enable a simpler and more powerful data transfer between the mobile user terminal and
in-car intelligent systems.
4.6 Comparative Safety Analysis Of The Proposed System
Data transfer between the user terminal and in-car safety systems has been planned to
consist of coding and transmission via IR input or by the use of a Bluetooth interface. Since
the data transfer rate based on this kind of technology is relatively slow, the system only

foresees the transmission of vital traffic information (traffic jams, road conditions, etc.)
which is needed for the process of route-planning based on the use of GPS navigation maps.
The safety data used for in-advance planning of obstacle avoidance manoeuvres or for setting
the vehicle's driving parameters are transmitted via the user's terminal to the in-car safety
system in the extent limited by the data transfer rate or the quantity of data. Of course, the
rate depends on the type of ITS technologies installed in the vehicle. The effectiveness of
individual technologies in terms of traffic data exploitation for route planning, for the
improvement of driving dynamics and obstacle avoidance, for the safety aspect of system
design, and finally, for the impact of system design on active traffic safety has been studied
separately for each technology. Rough estimates were obtained from the rate and quantity of
data transfer. They are presented simply in tabular form with no discussion due to lack of
space.
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Table 1: Various Technologies And How They Satisfy Individual Criteria
5. Conclusion
The analysis of the currently used systems reveals that so many different technologies,
which will have to be functionally and physically integrated, are being used that it is actually
impossible to chose any of them as the base technology. Today, automatic tolling systems
represent one of the most widely used ITS technologies, so it appears reasonable to integrate
it into one of the existing communication technologies. Mobile telecommunications certainly
belong among the most widely used communication technologies. Also, the safety analysis of
automatic tolling systems implemented so far has revealed some serious weaknesses, as we
usually have to do with integrated tolling and service stations. Free traffic flow tolling as the
only acceptable solution will certainly need an adequate technology. The technological
model, obtained on the basis of researches conducted at the Road and Road traffic Centre of
the Faculty of Civil Engineering, University of Maribor, has been patented in the Republic of
Slovenia. The conducted researches have shown that the proposed system can fulfil all the
safety, user and technology related requirements imposed by contemporary traffic demands.
A detailed presentation of the proposed system and its analysis are not included due to lack of
space.
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1.

Introduction

1.1.

General

This paper deals with the developments in the field of the measures taken during road works
on motorways in the Netherlands during the last 6-7 years. In December 1995 the latest
Guidelines for Measures during road works on Motorways (Richtlijnen voor Maatregelen bij
Werken in Uitvoering op Autosnelwegen (rl-MWA)) were published and these were followed
by a number of supplements. These guidelines have a greater focus than previously on the
organisation of a safe work place for the road worker who is responsible for installing the
workzone and for the road worker working in the workzone. In addition to this there are
further stringent preconditions for the safety of the road user and for the flow of traffic.
The immediate reason for the preparation of these guidelines was the new technical
developments, changing legislation and regulations, political involvement and number of
serious accidents involving road workers.
The impulse that was given in 1995 to the introduction of wide-ranging measures in order to
promote the safety of the road worker has by no means missed its target and has without doubt
also contributed to the fact that measures for road works now form an essential part of the
work itself and are not merely at the bottom of the list. The costs of these measures in relation
to the work to be carried out have therefore increased considerably. So much so, that some
people are wondering whether it can go any further.
In Chapter 1, this paper briefly deals with the Dutch road network, traffic flow and safety and
the most important elements of these guidelines. In Chapter 2, the developments of the last 6
years are explained. Chapter 3 deals with the question about how far we can go with
constantly upgrading the safety requirements when organising work areas, and when a limit is
reached with regard to this. And, what are the developments that can be expected in the (near)
future?
1.2

A bird’s-eye view of the Netherlands

Before starting with the main subject of this paper, it is worthwhile giving an impression of
the existing road system in the Netherlands. The country has a surface area of some 14,000
square miles and a population of about sixteen million. This makes the Netherlands one of the
most densely populated countries in the world.

The majority of the road traffic is handled by a motorway system of about 2,300 km with dual
carriageways and grade separated junctions. About 300 km of these motorways have three or
more lanes per carriageway. The length of the secondary network is in excess of 110,000 km.
The management of the motorway network is undertaken by the Rijkswaterstaat – the
Department of Public Works - which is part of the Dutch Ministry of Transport, Public Works
and Water Management. Rijkswaterstaat is divided into nine regional directorates. Each of
these Regional Directorates is divided into two or more local branches, the local road authorities. At the moment there are 26 local branches that are responsible for the daily operation and
maintenance of parts of the network.
The other administrations represented by the provincial authorities are responsible for most of
the secondary road systems (6,300 km) and the local authorities are responsible for the
remainder of the roads (114,000 km).
1.3

Safety and the flow of traffic

The primary road network in the Netherlands is relatively dense with high intensities (up to
approximately 200,000 vehicles/24-hours on some roads). The uniformity of the design and
the layout and organisation of the Dutch primary road network is well advanced. The entire
primary road network is provided with uniform signage, emergency telephones, central
reservation and verge safety provisions and location signs. A large part of the primary road
network in the busier areas has been provided with lighting and in recent years the length
equipped with a Motorway Traffic Management system has grown to approximately 900 km.
Other so-called “dynamic traffic management” measures have also been introduced. Ramp
metering (Toerit Doseer Installaties - TDI), Dynamic Route Information Panels (DRIPs),
Rush-hour lanes, ‘Plus’ lanes and dynamic road markings have been introduced in order to
better utilise the current primary road network.
All of these measures ensure that the Dutch motorways are some of the safest in the world.
However, each year there are approximately 12,000 (recorded) accidents resulting in injury
and almost 1,200 accidents resulting in fatalities. The number of accidents involving Material
Damage Only (MDO) is many times higher than this. Table 1 shows these developments for
all roads in the Netherlands and for the Highways in particular. Table 2 shows the accidents
resulting in injuries during road works for all roads in the Netherlands and for the Highways.
Accidents throughout the
Netherlands
year fatalities injury
MDO
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000

1155
1147
1134
1191
1227
1099
1076
988
1028
1006

39548
39874
39070
40200
41414
39942
39960
40311
41243
36941

250516
248264
248541
241627
243992
244511
249363
267511
266486
242494

Accident on Highways
fatalities injury
170
163
165
176
189
172
153
140
144
156

MDO
2859
2980
3081
3387
3545
3538
3640
3824
4114
3943

20466
21195
21851
23333
24133
24798
25428
27854
28557
26514

Table 1: Development of accidents in the Netherlands, Development of accidents on Highways
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Table/figure 2. Development of accidents during road works in the Netherlands on all roads and on
highways

Figure 3 shows that following an increase in queues in the first half of the 90’s, the situation
stabilised in the second half. It is striking that there is a shift from queues during day working
to queues during night working. Indeed, in recent years much more night work has been
undertaken because during the day there are fewer and fewer workable hours remaining. If we
look at the percentage of queues at road works compared to all queues then we see a decrease
in recent years. The fact of the matter is that the other queues have grown even more in recent
years. The size of the queues (length X duration, no shown in the table) is still continuing to
increase.
Year

day work
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999

535
711
934
1043
1281
1099
959
836
834
689

night work Total
160
224
297
550
341
481
524
610
711
773

Table/figure 3: queues at road works
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1.4

Guidelines for Measures during road works

In the Netherlands the guidelines for implementing measures during road works are published
in two publications: The Guidelines for road works on Motorways (De Richtlijnen voor
Maatregelen bij Werken in Uitvoering op Autosnelwegen (November 1995)) and the
Measures for road works on non-motorways and roads in built-up areas (Maatregelen bij
werken in uitvoering op niet-autosnelwegen en wegen binnen de bebouwde kom (January
1999)).
This paper will mainly deal with the first set of guidelines, however, much of that which is
stated is also applicable to the second publication.
In the Netherlands a great deal of attention is being paid to the preparation and updating of
these guidelines. For a long time already this has not been an exclusive matter for the
government. The business community is also expressly involved in this. Guidelines are a
snap-shot; technical developments and legislation are not stagnant. Initiatives are constantly
being developed to adapt equipment, material, systems and rules in order to strive for even
higher levels of safety, improved efficiency and improved flow of traffic at road works.
Therefore, by definition, guidelines lag behind practice but they are essential for the road user
and the road worker from the viewpoint of striving for uniformity. Study results, supplements
to guidelines and complete revisions ensure that the gap between theory and practice remains
as narrow as possible.
In Chapter 2 the guidelines applicable 6 years ago and the developments that have taken place
since then will be given for a number of subjects.

Photo 1 and 2: The use of barriers. Quick couplings can quicken installation time and increase
the safety of road workers (see 2.5)

2. The latest developments with regard to Measures during road works on Motorways
2.1 The use of crash attenuators:
Until recently:
Crash attenuators are used with mobile road woks and stationary road works when it is not
possible to create 100 m of safe space between the lane closure trailer and the working area.
The mobile work site to be a less optimal work site than the stationary one. The advance
warning area and signposting is easier to organise. There are two advance warnings instead of
three and the length of the warning area is also shorter at 600 m instead of 1000 m. In addition
to this no signs are placed in the central reservation. With these signs a motorist sometimes
only gets to see the cordons late if his view is obstructed. It is for this reason that mobile work
sites are always used in conjunction with a truck (min. 8,000 kg) carrying a lane closure panel
and a crash attenuator (TMA). This offers both the road worker and the road user a certain
amount of safety in the event of a collision. For stationary work sites where a crash attenuator
has to be used, we have the truck described above as well as container units fitted with a crash
attennuator. The advantage of this is that in the event of long-term work, the unit can be
removed and the wagon can be put into service elsewhere.
The latest developments:
There has been a new guideline since March 2001 that relates to the laying of rumble strips
(see par. 2.5). These are now compulsory for all lane and hard shoulder work sites. For lane
closures these have to be laid under the protection of a truck with TMA. The use of crash
attenuators shall increase considerably in the future as a result of this.
2.2 The introduction of a free space between the working area and longitudinal cordons of
at least 0.60 m.
The Labour legislation makes it compulsory to create a free space between the longitudinal
cordons and the working area. This free area is a safety zone that is intended specifically to
provide road workers with a certain amount of space within the cordons next to the machines
that are located there. In this way, the risk that the road worker accidentally steps outside of
the cordons, with the consequences that that involves, is reduced considerably.
The consequences of the present stricter application of this compulsory requirement is that the
current space for traffic is narrowed to such an extent, particularly when surfacing work is
being undertaken on narrow sections, that acceptable traffic management is no longer
possible. Closure of the road and diversion is therefore often the only solution.
2.3 The introduction of a more credible speed regime.
Until recently:
The guidelines have also attempted to introduce a more credible speed regime. With regard to
this, the permitted maximum speed depends on the type of road work, the presence or not of
personnel in the work area and the potential presence of chicanes, diversions and other
confined situations. In principle, speed reductions to 90 and 70 km/h are implemented. For
example, with a right lane closure with beacons behind which the personnel are working, a
speed restriction of 70 km/h is always implemented. In the case of a 4-0 contra-flow system
the speed will be restricted to 70 km/h in the chicanes and 90 km/h in the straight sections
(>1500 m.). The consistent use of these maximum speeds, the system aims to provide the road
user with insight into the situation that he can expect.

The latest developments:
In practice it appears that road users exceed the indicated maximum speeds at road works on
mass. The situation around the working area (chicanes, road workers, lane constrictions) does
not seem to be able to compel the correct speed behaviour. The profile which is generally
arranged in order to be able to smoothly handle freight-transport, has the consequence
particularly for passenger cars that people are not inclined to reduce their speed by much.
What also pays a major role in this is that the consistent use of the speed regime by road
authorities and the works contractors leaves a great deal to be desired. Speeds are set
incorrectly or not adjusted when road workers have left the working area. As a result of this,
the intended effect of a uniform, credible speed regime is negated to a large extent.
Currently, more and more people are saying that the system should be simplified.
Also, with regard to the last point on the subject of speed limits: in the future, enforcement
must be seen to be more emphatic. Although the penalties for speeding at road works are
twice as high as normal, the chance of being caught is minimal. Greater police input is
required for this. Additionally, experiments with checks on stretches of roads at road works
will soon be taking place whereby penalties will be imposed if the average speed through the
entire working area is higher than the restricted speed.
2.4 The use of barriers
Until recently:
The use of barriers has been introduced into the current guidelines from the viewpoint of the
road worker and guarding against dangerous situations for the road user (contra-flow,
obstacles, flow-in and flow-out lanes for works traffic). In principle, the use of barriers is the
starting point for every cordon, unless it can be demonstrated that the effort of protecting the
working area with barriers is outweighed against the time and the risks that have to be taken in
erecting the barriers. In practice this boils down to erecting barriers for work lasting two
weeks or longer. The use of barriers has considerably increased the safety for the road worker
and the road user. Frontal collisions in contra-flow systems are a thing of the past, and the
protection of the working area during long-term work has resulted in improvements in both
the objective and subjective safety with the road worker. The introduction of the barrier has
also contributed to a considerable increase in the traffic management costs.
An additional guideline about safety provisions during road works on motorways from the end
of 1995 details the barriers that are to be used in the Netherlands. In addition to this, these
guidelines deal with the application criteria, functional specifications and standards (including
the draft CEN standards).
The latest developments:
Barriers provide a major contribution to the safety of the road worker and the road user once a
working area has been set up. However, the organisation of such a working area is a job in
itself and can actually involve a great deal of time. This requires separate works and the road
workers erecting them are also subjected to risks. The use of barriers that can be assembled
using quick couplings can result in some time gains. Furthermore, the installation of the
barrier always takes place from behind the barrier. The current types often demand that they
are bolted together from the front.

2.5 The use of rumble strips (Andreasstrips)
Until recently:
Plastic rumble strips are used as the final physical warning to road users that the relevant
lane/strip has to be vacated. For example, rumble strips are laid 150 m. ahead of the lane
closure trailer and 150 m. ahead of the zero point for hard shoulder cordons. Although the use
of rumble strips is specified, in practice a great deal of resistance has been encountered against
the use of the strips due to the danger for the road worker when laying them and removing
them. In practise a large number of lane closure trailers were not protected with rumble strips.
However, various studies have shown the advantages of the use of rumble strips.
The latest developments:
A new supplementary guideline (more strict) recently came into force as a result of which
rumble strips have to be used for all stationary work sites (on lanes and hard shoulders).
Additional studies have specifically (and significantly) shown that the use of rumble strips
reduces the number of collisions with lane closure trailers and the outcome of the accidents is
less serious. The objection to the laying and the removal has been taken care of temporarily by
doing this under the cover of a truck with lane closure panel and TMA. New studies have been
started to investigate if there are alternative protection methods for avoiding collisions with
lane closure trailers.
2.6 The use of Mobile Lane Signalling
Until recently:
Mobile Lane Signalling (Mobiele RijstrookSignalering (MRS)) has existed since the middle
of the eighties but has only been used on a larger scale since 1993. MRS consists of a trailer or
container unit fitted with a gantry that can be slewed out across the road. Signalling units can
block off lanes and can dissipate and direct traffic to the correct lane by means of arrows
(pointing downwards) and crosses. The main advantage of MRS is that it can be deployed
rapidly with the limited need for advance warning signs. MRS is visible from a large distance
as a result of which the traffic is merged earlier and more easily. This often prevents
shockwaves in the flow of traffic. Consequently, queues form less quickly. Although the
sections of road with permanent signalling gantries grew, there appeared to be an increasing
need for mobile signalling on two and three-lane roads. MRS was mainly used in the busiest
areas of the Netherlands (Randstad) on three-lane roads where there was still no permanent
signalling system present, as well as on busy two-lane roads.
The latest developments:
Additional guidelines for the use of MRS came into force at the beginning of 2001. Amongst
other things, this means that the scope of use has been extended considerably. There are
regions where lane closures are no longer permitted without MRS. Furthermore, MRS now
displays speeds above the lanes so that the normal additional signage for this can now be
omitted. The potential of MRS’s (30) is estimated to grow to more than 50 in the coming
years. In addition to this, supplementary requirements have been set for the safety of MRS
when placed on the hard shoulder.
2.7 Use of contra-flow systems.
Until recently:
Although the introduction of contra-flow systems can be traced back to earlier guidelines,
their use has certainly been heavily promoted for major maintenance work since the
appearance of the guidelines in 1995. Considering the constantly growing intensities it is more
and more difficult to withdraw lanes from the traffic in order to undertake work. Contra-flow
systems can be designed in such a way that it is possible to retain a large proportion of the

capacity of the road by maintaining the number of lanes. Furthermore, the use of barriers
means that these systems can be used safely for large-scale work. 4-0 systems are preferred for
this because they are more cost effective and make it possible to work on the entire width of a
carriageway, thus benefiting the safety, speed and quality of the work. Furthermore, there is no
separation point that, despite the safety measures for this, continues to present a risk to the
motorist. Unfortunately, there are still sections of road where a 4-0 system cannot be used.
The bottleneck is often (too) narrow structural works. The guidelines stipulate that a
transverse section of 12.5 m. is required for this (absolute minimum 12.0 m.). The starting
point for this is right lanes of 3.0 m. (and 0.25 m. obstacle distance in the verge), left lanes of
2.5 m. and a central reservation safety provision of 1.0 m.
The latest developments:
In 2000 an extensive supplementary study was undertaken into the use of contra-flow systems
and the differentiations in the anti-queuing policy. As a result of the constantly increasing
intensities on the primary road network it is becoming more and more difficult to carry out
major maintenance work. The road user does not want any delays, the contractor wants to
deliver material and equipment without stoppages, employees prefer to work during the day
and on normal working days, the Labour Inspection and employees organisations are
demanding a high level of safety for the road workers and the tax payer is entitled to demand
that the work is carried out to a high level of quality and in a cost-effective way. The study
looked expressly at contra-flow systems on two-lane roads.
The recommendations made to date with regard to contra-flow systems were made from the
starting point of working without queues and using 4-0 systems with a minimum lane width of
12.5 m. in order to guarantee the flow of traffic and to guarantee safety with such a system.
Where the lane width was insufficient this could be widened.
The recommendations arising from the latest study have resulted in some further
differentiations being made to the earlier policy. From the point of view of cost control, the
following guidelines are now in force:
• on roads with intensities of <25,000 vehicles/24 hours it is possible to work well during the
day with alternating lane closures;
• for intensities of between approximately 25,000 and 86,000 vehicles/24 hours a 4-0 contraflow system is an appropriate form of traffic management. Contrary to the view that is
currently prevailing, a 4-0 contra-flow can also be used for lanes of <12.5 m. This shall
result in lower capacity and perhaps, as a result of this, to more delays. The minimum
width now maintained is 11.0 m. A delay of 30 minutes is considered to be acceptable;
• for intensities of >86,000 vehicles/24 hours it is preferred that a 4-0 contra-flow is used. If
necessary, consideration can be given to widening to 12.5 m. provided the costs are <
€40,000.- per km. If this is not the case then other forms of traffic management must be
sought (closure and diversion, working during a quite traffic period).
2.8 Safe Working on Roads.
One of the reasons for drawing up new guidelines was a number of serious fatal accidents at
road works in 1994. The Labour Inspection has seized upon this reason in order to pay more
attention to safety at road works. After the unions had also referred the Minister of Transport
and Public Works to the problem, the Safety Working on Roads Steering Group was set up
with the aim of preparing a Safe Working on Roads Manual. The areas of attention with
regard to this are: specifications and legislation, innovations, communications and the content
of the Safe Working on Roads Manual. The Steering Groups is made up of representatives
from the highways departments, the contracting industry and the trade unions.

The Safe Working on Roads Manual was published in 1998. In addition to guidelines for the
physical protection of working areas, this also had to provide interpretation to the working
conditions of the road worker. The aim of the Manual is to make working on roads safe. The
roles, tasks and authorities of all of those involved in the construction process are specified in
this. The scope of application is the preparation and execution of work on all types of roads.
The aim of the Safe Working on Roads Working Group is to disseminate, test and, if required,
supplement the Manual.
2.9 Measures for road works - Discussion Platform
The guidelines were introduced in 1995 by means of an extensive communications exercise.
Amongst other things, a video programme was made for this, in which people from the “shop
floor” discuss the use of the guidelines and their practical interpretation. In almost 80
discussion meetings this video was shown to people involved in the preparation, execution,
and supervision of road works on highways. The evaluation of these discussion meets showed,
amongst other things, that there was a need for a permanent national platform in order to
advise the highways departments and the business community involved about all matters
relating to measures during road works. As a result of this wish, the Measures for road works Discussion Platform was set up in 1999 in order to:
• regularly discuss the practical application of the guidelines and to promote national
uniformity of temporary measures;
• establish and maintain contacts, via the members/participants, with regional and local
highways departments, contractors and the police in order to gather together experiences
and to disseminate information;
• detect weaknesses and deficiencies in the legislation (guidelines, specifications, manuals,
etc.) and to make recommendations for adapting, supplementing, updating, etc.;
• study and evaluate developments (for example materials and road work systems);
• identify the need for studies;
• provide advice (whether or not requested) to regional boards and to the Head Office (HK)
of RWS (the Department of Public Works);
• discuss, prepare and/or implement communications campaigns to guideline users (for
example by means of “newsletters” or via appropriate publications).
2.10 Crossing over lanes by foot
A ban on crossing over more than one lane by foot is under preparation for planned work on
motorways. This will mean that all Public Work’s and contractor personnel will have to take
this into account when undertaking work within work sites or work involving the installation ,
maintenance or removal of work zone measures. As a result of this, the erection of signs in the
central reservation for the purposes of work sites or for inspecting the central reservation may
only be undertaken provided that additional measures are implemented (for example a mobile
work site). There are even regional boards in the Netherlands that have already implemented a
total ban on crossing lanes by foot. Here, on roads without lane signalling, road works are
only permitted using MRS’s.

2.11 The use of permanent signalling systems (MTM) at road works
The strong increase of the Motorway Traffic Management system (MTM (approximately 900
km.) has also had a positive effect on the execution of work. Working areas can be set up
more easily and more quickly with the aid of signalling. Conventional advance warnings are

no longer necessary for this. Furthermore, research has shown that motorists respond earlier to
cordons equipped with signalling compared to conventional cordons. This therefore has a
positive effect on safety and the occurrence of congestion.
Research into the advantages and disadvantages of signals above the emergency lane must
reveal whether the beneficial deployment possibilities of, for example, a left-hand lane closure
and the use of the right lane and the hard shoulder or for the benefit of Incident Management,
are outweighed by the additional costs. In the future, signalling will be used in a more
dynamic and smarter way for road works.

Photo 3: Rumble strips (Andreasstrips) are used to protect the lane closure trailer from collisions
(see 2.5)

Photo 4: Truck with lane closure panel and crash attenuator, used to place and remove rumble strips
(see 2.1)

4. How far can we and do we want to go with safety at road works?
Chapter 1 concludes that the Netherlands has one of the safest road infrastructures in the
world. This also appears to be true for road work situations. If one looks at the actual extent of
the accidents then the following is seen:
Figure 2 in the first chapter shows the accidents resulting in injuries during road works on all
roads and on highways for the last 10 years. The table shows that almost half of the fatalities
at road works occur on the primary road network. For accidents resulting in injuries this is
approximately 20%. The outcome is apparently far more serious on the primary road network.
A considerable proportion of the fatalities (30-40%) relate to accidents involving road
workers. This works out at 2 to 6 road workers dying each year as a result of accidents
involving the traffic. It appears that this figure has remained stable in recent years. In addition
to the objective safety, the subjective safety of the road worker also plays a major role at road
works. The road workers are coming under extra pressure as a result of the increased intensity
of the traffic, the shorter periods in which work can be carried out and the shift from day
working to night working. The feeling of safety is therefore very important in order to be able
to continue to do the work properly.
In the current Guidelines for road works and the associated supplements, a great deal has been
invested in recent years in a safe working area for the road worker and a uniform, safe and
queue-free traffic space for the road user. And these developments have still not stopped.
Even at this moment, work is being undertaken on further new measures, materials and
equipment in order to specifically take safety to an even higher level. For this, the work and
therefore the work site is constantly having to be undertaken in shorter and shorter periods.
Costs did not play a significant role after the publication of the latest guidelines in 1995.
Safety and the flow of traffic were the main aims and the budgets required for this were made
available. Partly as a result of this, the costs of traffic management measures form a
considerable part of the total costs for the work. The costs for work sites that comply with the
more and more stringent guidelines has increased considerably, certainly for small-scale work.
Recently we have seen some change with regard to this. The costs of traffic management
measures are once again playing a significant role. Although safety is still being given the
required attention, questions are more often than previously being raised about what the costs
are and whether there are alternatives. In accordance with policy, all new measures must be
provided with a pros and cons analysis. The thoughts behind this are, on the one hand, tighter
budgets and, on the other hand, the thought that the 80-20 rule is also applicable to safety at
road works. The last drop of safety benefit can only be extracted by incurring high costs.
More stringent safety requirements sometimes result in an increasing number of activities that
involve additional safety risks. For example, it is compulsory to set up working area lighting
during night working on unlit roads. However, this working area lighting may only be set up
during the day. This is therefore the busiest period and also the reason why the actual work
has to be undertaken during the night. In some cases it is also no longer possible to find a
workable interval in order to carry out preparatory work during the day. In those cases other
solutions have to be selected, such as closing carriageways or roads and diverting the traffic.
The installation of rumble strips under the cover of a truck with lane closure panel and TMA
is considered in some (read quiet) regions to be excessive. The ban on crossing over lanes has
been introduced from the point of view of safety, but on the other hand additional measures
are required in order to be able to comply with the methods prescribed in the current
guidelines.

If new solutions for safety and traffic flow problems are preferred to be cost-neutral then,
amongst other things, this can be achieved by taking action on a number of aspects in the
future, as detailed below.
• In order to maintain safety and traffic flows at the same level when the traffic intensity is
growing, in the coming years the planning of road works will have to be raised to a higher
level. The influence of a few mega projects on the on-going maintenance is noticeable. The
combination of working and working areas and harmonisation with (large-scale) projects
must prevent the motorist, and indirectly the road worker, from falling victim. Automated
information systems (MELDWERK) and queue cost and “workable hours” models shall
become a more and more important resource for this.
• Management and maintenance must actually be incorporated as early as possible in the
planning phase for the laying or reconstruction of the roads. It must become a matter of
course that a designer asks himself how a road can be maintained in the future in the most
efficient and safest way. Unfortunately, this still happens too little. With regard to the
increasing amount of Dynamic Traffic Management (Dynamisch VerkeersManagement
(DVM)) measures on, along and above motorways, it is important that the way in which
these will be maintained is considered.
• In the future, closures and diversions will occur more and more often. Until recently, the
motorist had the idea that he can have access to the road 24 hours per day, 7 days per week
and 365 days per year without notable delays. We are now seeing more often that the
complete closure of (carriageways of) motorways is being opted for out of necessity. The
idea with regard to this is that integral maintenance can be carried out in a relative short
period of time so that it is no longer necessary to work on the road for a long period.
• Functional specifications have to be developed for more equipment and materials than is
currently the case. These guarantee a pre-determined level of safety and through flow of
traffic. The parties in the market will have to demonstrate that their products meet these
requirements. One cannot be satisfied with less. Furthermore, these resources must be
made cost-effective through competition.
• Under the condition that this can be undertaken in a cost-neutral way, in the future the aim
will have to be to achieve the same level of maintenance in a more labour-extensive way
(quicker and with fewer people) and with less frequent maintenance. Developments must
focus on this. Examples are the increasing use of MRS, considerations for the use of
automatic cone placement, quick-couplings for barriers as well as laying maintenance parts
and maintenance-free central reservations.
• The policy was initially focussed on working without queues and later on working with low
levels of queues. The acceptance of a certain amount of delay at road works seems to be
becoming more and more acceptable. Queues as a result of road works can therefore only
be acceptable if the road user is clearly informed in advance about the nature and the
duration of the work, alternative routes and alternative transport options.
• Future guidelines deal more than in the past with the installation, maintenance and removal
of traffic control measures. The greatest safety risks often lurk here.
• A risk inventory must result in safety levels being set for all possible road work methods.
In the planning phase it is then easier to determine which cordon methods are considered to
be acceptable and which are not.
Finally:
In the Dutch situation, safety and the flow of traffic have a high priority in the management
and maintenance of highways. However, with regard to this cost-control is an important

aspect. Therefore, this also applies to the layout and maintenance of working areas. In order
not to make any concessions as regards safety, in the future more emphasis will have to be
placed on a labour-extensive way of working, combining work, using contra-flow systems,
closure and diversion and organising roads so that they are maintenance free. New
developments must focus on this. Specifications of all types of resources must ensure a
minimum level of functional utility and safety, at acceptable costs.
Ultimately, this must result in a revision of the Guidelines for Measures during road works on
Motorways within a period of three years.

Picture/Photo 5: Mobile Lane Signalling (MRS); a safer and quicker way to close lanes on
motorways with two or three lanes (see 2.6)
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ABSTRACT
Adverse weather can significantly change the condition of the roadway within a short period of
time, often with little or no warning to motorists or response personnel charged with protecting
public safety. Traditional crash data is both aggregate and subjective in nature, limiting the
ability to (1) accurately identify those weather conditions under which safety levels are
minimized and (2) effectively guide crash-preventative response to adverse weather conditions
(i.e., the dispatch of sand trucks or the dissemination of slippery condition warnings). The
advent and expanded use of Road Weather Information Systems (RWIS) - capable of providing
detailed numeric data related to roadway surface, air and dew temperature and wind speed in
addition to categorical information such as the presence of precipitation, road surface condition,
and wind direction - shows potential for improving the identification of weather-related factors
contributing to low levels of safety and for improving guidance provided to response personnel
during or preceding times of adverse weather. While demonstrating potential, this investigation
revealed several significant issues associated with the use of RWIS data for improving adverse
weather-related crash prediction and response: (1) the categorical nature of some RWIS-reported
data elements limits its usefulness in guiding response actions, (2) RWIS data is limited in
historical timeline and ease of accessibility, and (3) RWIS data are highly localized spatially
(i.e., reporting the pavement surface status only at the location of the in-road sensor) which
results in substantial discrepancies between officer-reported and RWIS-reported crash data.
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UTILIZING
ROAD WEATHER INFORMATION SYSTEM (RWIS) DATA
TO IMPROVE RESPONSE TO
ADVERSE WEATHER CONDITIONS
The relationship between vehicular crashes and a multitude of risk factors has long been a major
focus for highway safety investigations. These previous efforts have been diverse, both
empirically and methodologically. One risk factor of special concern, especially in less
temperate or rural areas, is weather condition. Adverse weather can significantly change the
condition of the roadway within a short period of time, often with little or no warning to
motorists or response personnel charged with protecting public safety.
Council, Khattak and Kantor (1998) recently focused on the role of adverse weather and its
interactions with driver and roadway characteristics on the risk and severity of crashes. Using
crash report data from limited-access roads in North Carolina 1990 to 1995, researchers focused
specifically on single- versus two-vehicle crashes, and, if two-vehicle crashes, the likelihood of
rear-end versus sideswipe crashes. These crash types: (1) were assumed to be the most affected
by adverse weather, (2) constituted the majority of crashes on limited-access highways and (3)
aided in hypothesis formulation and testing by providing a narrowed focus for the effort. (1)
Overall, the study revealed that adverse weather (i.e., fog, rain or snow) and resulting slippery
road conditions (i.e., wet or icy/snowy) increased the risk of single-vehicle crashes relative to
two-vehicle crashes. The risk of rear-end, two-vehicle crashes increased relative to sideswipes
under the same conditions. These findings indicated drivers do not compensate fully for the
lower visibility and more slippery road surfaces on the limited-access highways studied.
Council, Khattak and Kantor went on to analyze the effects of adverse weather, slippery road
surfaces and other related direct variables and interactions on the severity of crashes. The study
revealed that under the direct effect of adverse weather conditions and slippery road surfaces, the
probability of more severe injuries and fatalities is reduced while the probability of minor-level
injuries is increased. (1)
Final conclusions suggested that while drivers in adverse weather conditions or on slippery road
surfaces made some adjustment of behavior resulting in reduced speed, increased caution, and
reduced crash severity, the adjustments were sufficient to refute a more frequent crash
occurrence than under dry pavement surface conditions or clear weather. (1)
The findings of this investigation, while providing substantial background on the effects of
weather on crash risk and severity, has two noted shortcomings. First, the results should not be
assumed to be directly transferable. Only 26 percent of vehicle crashes during the study period
occurred during adverse weather conditions, with 29 percent occurring on slippery pavement
surfaces. In less temperate parts of the country or in localized areas such as mountain passes,
adverse weather-related crashes may constitute nearly 70 percent of all crashes.
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Second, the investigation conducted by Council, Khattak and Kantor was limited in the
availability of weather-related data. Crash reports, though not uniform nationally, typically
categorize road surface condition at the time of the crash as dry, wet, snow, ice, etc. and weather
condition as clear/cloudy, raining, snowing, foggy, etc. as reported by the responding police
officer to the crash scene. This data is both aggregate and subjective in nature, limiting the
ability to (1) accurately identify those weather conditions under which safety levels are
minimized and (2) effectively guide crash-preventative response to adverse weather conditions
(i.e., the dispatch of sand trucks or the dissemination of slippery condition warnings).
The advent and expanded use of Road Weather Information Systems (RWIS) - capable of
providing detailed numeric data related to roadway surface, air and dew temperature and wind
speed in addition to categorical information such as the presence of precipitation, road surface
condition, and wind direction - shows potential for improving the identification of weatherrelated factors contributing to low levels of safety and for improving guidance provided to
response personnel during or preceding times of adverse weather.

RESEARCH OBJECTIVE
Located along Interstate-90 between Bozeman, Montana and Livingston, Montana, Bozeman
Pass faces challenges in providing safe travel for motorists. During winter months, Bozeman
Pass often experiences heavy snows and ice formation, conditions that are generally
unpredictable and sudden. High winds present year-round concerns. Crash statistics from
January 1995 to December 1998 show an average of approximately 137 total crashes per year
through this corridor with up to 68 percent having weather or weather-related pavement
conditions as a contributing factor. Weather has been identified as one of the three single largest
contributors to large truck crashes. These crashes have resulted in approximately 10 full
interstate closures per year (2, 3).
Multiple agencies, including transportation agencies, sheriff departments, police departments,
fire departments, and other emergency response agencies at the state, county and local levels
must be coordinated during adverse weather conditions or in the event of a resultant crash.
Historically, response actions during or preceding adverse weather conditions (i.e., dispatching
sand trucks or closing the roadway) have been subjectively guided by personal experience and
judgement without a clear understanding of the factors or magnitude of factors that affect public
safety. These action-based decisions can vary significantly from employee to employee
depending on years of experience and inherent caution. With multiple agency involvement, the
potential for inconsistent or ineffective actions is heightened.
The intent of this investigation is to demonstrate a methodology to minimize this subjectivity in
decision-making by developing response guidelines on the basis of statistically confirmed
presence and magnitude of various roadway and environmental conditions likely to result in the
lowest level of safety. Crash severity, categorized as fatality, injury and property damage only,
was used as a surrogate indicator of level of safety. Of primary concern to public safety, of
course, are those crashes resulting in either fatality or injury.
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Once fully developed, the crash severity model will be used to determine the crash, roadway,
traffic, and weather characteristics having a significant effect on crash severity. While its
necessary to consider the effect of all of these factors in combination, focus will be placed on the
weather-related variables affecting safety levels because (1) roadway and traffic characteristics
are less variable over time and hence, would not serve as a good basis for directing response
actions and (2) weather-related variables can be predicted, further improving the effectiveness of
accurately defined response actions. Specifically, the two-part question to be answered is as
follows: (1) under what weather-related conditions are motorists most at risk and hence, (2)
when and what response actions should be taken to minimize their risk? Once action-related
guidelines for response personnel, based on current or predicted weather conditions, are in place,
over time, both crash severity and frequency should decrease if the proper actions are taken (4).

BACKGROUND
This investigation is an integral component in a larger overall effort, the SAFE-PASSAGE
Project. The goals of the SAFE-PASSAGE Project are to optimize motorist safety and travel
efficiency on Interstate-90 over Bozeman Pass and to provide a model for future developments in
similar areas. In accomplishing these goals, three primary activities will occur: (1) a computer
model capable of forecasting pavement temperatures and roadway conditions will be
implemented and validated, (2) electronic Variable Message Signs (VMS) and improved
Highway Advisory Radio (HAR) will be implemented and utilized to provide real-time motorist
information, and (3) a Rural Traffic Management Center (RTMC), effectively and efficiently
coordinating and disseminating relevant information to all responsible agencies and to the
motoring public, will be established. This investigation will most directly benefit the third of
these activities.

METHODOLOGY
DATA COLLECTION
Data to support the development of the crash severity model and subsequent adverse weather
response guidance related to: (1) crashes, (2) roadway characteristics, (3) traffic characteristics,
and (4) weather. Data was obtained from the Montana Department of Transportation’s (MDT’s)
Safety Management Section for all crashes occurring within the project corridor for a six-year
span from January 1994 to December 1999. In all, 803 crashes occurred during the study period;
1 percent resulted in at least one fatality, 29 percent resulted in at least one injury and 70 percent
resulted only in property damage.
Roadway characteristics (i.e., geometrics and roadside appurtenances) for the project corridor
were supplemented into the crash database using milepost and direction of travel as the linking
data elements. Roadway data was obtained from several different sources including: (1) the
MDT’s Image Viewer, which provides photo records every ten meters along the roadway, (2)
MDT construction plans and (3) minor field data collection to obtain the horizontal curve
superelevation rates.
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Traffic volume and classification data, including Average Annual Daily Traffic (AADT)
volumes and the percentage of recreational vehicles, buses and commercial vehicles in the traffic
stream, were obtained from the MDT’s Data and Statistics Bureau and was linked to the crash
data using milepost, direction of travel and year. Additionally, posted speed limit data was
collected to control for its possible effects; the posted speed limit through the corridor changed
three times between January 1994 to December 1999.
Detailed weather-related information obtained from the vicinity Road Weather Information
System (RWIS) was used to complete the database. Historical weather records were linked to
the crash data using milepost (to ensure the nearest of the two RWIS stations in the corridor),
date and time of day.
The lack of available historical RWIS data through the Bozeman Pass Corridor limited the
sample size for this investigation. Weather condition records for the RWIS stations were only
available after mid-November 1996. Because weather condition was primarily of interest for this
investigation, the data set was limited to only the time period for which weather condition
information was available. This reduced the sample size from 803 to 447 crash records.

MODEL DEVELOPMENT
Selection of the appropriate model form to describe crash severity was not straightforward.
Debate exists over the most appropriate statistical method for relating various risk factors to
crash severity. Crash severity is most often classified at the following three levels: (1) fatality: a
fatality of the driver and/or a passenger resulted from the crash, (2) injury: any driver or
passenger was injured to the point of requiring medical attention in the crash or (3) property
damage only: damage resulting from the crash was limited to the vehicles involved or nearby
property.
Crash severity data has most often been modeled as discrete, unordered data using multinomial
logistic (logit) regression. Some argue that crash severity data in fact represents ordered data
with a fatality crash being more severe than an injury crash which in turn is more severe than a
property damage only crash. For ordered data, ordered probability (ordered probit) models are
most appropriate. The legitimacy of this debate was examined as part of this investigation.
Ordered Probit Regression
If one assumes a progression in rank in the above manner, the data set is classified as both
ordered and discrete. The most appropriate model form used to create the statistical model
would be an ordered probability (ordered probit) regression function (5). Ordered probit models
define an unobserved variable, z, such that:

z = βX + ε

where β is a vector of estimable regression parameters determined by maximum likelihood
methods, X is a vector of measurable factors (e.g., collision type, driver age, precipitation) that
define ranking, and ε is a random error term assumed to be normally distributed.
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The ordered probit equation allows the determination of various threshold values that reflect the
discrete nature of the data:
y = 1 if z ≤ µ0
y = 2 if µ0 < z ≤ µ1
y = 3 if z ≥ µ1
where y is the actual or observed severity level (1 = fatality, 2 = injury, 3 = property damage
only) and µ is an estimable parameter that defines y.
Multinomial Logit Regression
Though intuitive that some inherent order exists in crash severity data, multinomial logit
regression, typically deemed most appropriate for discrete unordered data sets, has been more
widely applied. (5) This is primarily because of the need to evaluate multiple integrals of the
normal distribution, making the ordered probit model more computationally difficult to estimate.
(6) The multinomial logit model form is as follows:

Pn ( i ) =

e β X in + ε
å e β X in + ε
i

where Pn(i) represents the probability of a specific crash severity level (i.e., fatal, injury, property
damage only) and ε is a random error term assumed to follow a generalized extreme value
distribution (6).
Both the ordered probit and multinomial logit model forms were applied as part of this
investigation to allow for direct comparison. Determination of the most appropriate model form
for this application considered: (1) overall model fit, (2) significance of model variables and (3)
any specification issues that could bias the parameter estimates.

FINDINGS
RISK FACTORS AFFECTING CRASH SEVERITY
Factors significantly affecting the severity of crashes within the Bozeman Pass corridor were
modeled using both ordered probit and multinomial logit regression methods. The following
section details: (1) the results obtained for both regression methods, (2) an interpretation of each
significant variable and (3) a discussion of similarities and differences between the two models.
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Ordered Probit Model Findings
Estimation of the ordered probit model with crash severity as the dependent variable was carried
out using standard maximum likelihood methods. Severity was coded such that 1 = fatality, 2 =
injury and 3 = property damage only. Given this coding, a positive variable coefficient has the
effect of increasing the variable z in the basic ordered probit equation, which in turn increases
the likelihood of a less severe crash; a negative variable coefficient decreases the variable z,
which in turn increases the likelihood of a more severe crash. Results of the model estimation
are provided in Table 1. The signs of all model coefficients (i.e., positive or negative) were
found to be plausible and the model had good overall convergence, with the log-likelihood
converging from –539.576 to –260.734, resulting in a ρ2 of 0.517. An interpretation of variable
significance is provided below.
Variable: Year – 1999.
Finding: Increases likelihood of a less severe crash.
As with any temporal variable, many confounding factors contribute to differences between
calendar years. For example, 1999 could have been a milder winter compared to previous years
or there could have been an increased winter maintenance budget to better address adverse
weather and roadway conditions.
Variable: Collision type – sideswipe same direction.
Finding: Increases likelihood of a more severe crash.
The occurrence of a sideswipe same direction collision increasing the likelihood of a more severe
crash is somewhat unexpected considering right-angle and head-on collisions are the collision
types most often associated with increased crash severity. However, the design of the roadway
through the study corridor (i.e., median-separated) limits the occurrence of head-on and right
angle crashes; sideswipe same direction collision types are associated with 6.2 percent of all
crashes while head-on and right angle crash types account for only 3.2 percent of crashes
combined. This higher frequency of occurrence for sideswipe same direction collision types may
be the cause for increased likelihood of more severe crashes compared to the other crash types,
which occur with less frequency and were found to have no significant effect on crash severity.
Variable: Right-side guardrail.
Finding: Increases likelihood of a more severe crash.
This finding supports the conjecture that despite being placed to protect motorists from
unmovable roadside hazards, guardrail may pose a hazard. This finding should not be used to
substantiate a recommendation for guardrail removal throughout the corridor, as collisions with
the roadside hazards would likely be more severe. However, this finding does support the
continued practice of judicious guardrail placement along road spans with inadequate clear
zones.
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Table 1.

Ordered Probit Model Results.
Estimated
Coefficient

Independent Variable
Intercept
Year – 1999
Collision Type – Sideswipe Same Direction
Right-side Guardrail
Spiral Curve
Speed Limit – 75/65 mph
RWIS Wind Speed
Threshold 1
Log-likelihood at zero
Log-likelihood at convergence
ρ2

2.380
0.446
-0.833
-0.386
-0.462
-0.580
1.716e-002
1.887

t-Statistic
11.035
2.330
-3.120
-2.685
-2.936
-2.336
2.284
10.071
-539.576
-260.734
0.517

Variable: Spiral curve.
Finding: Increases likelihood of a more severe crash.
Spiral curves are used to ease the transition for motorists into a normal horizontal curve. By
easing this transition, motorists can maintain a higher speed when entering and exiting a curve.
Higher vehicle speeds are the likely cause of increased crash severity. The interaction of this
variable with slippery road surface conditions such as damp, wet, snowy or icy was considered
because of the possible correlation of these factors. None of the interaction effects between
presence of spiral curves and these slippery road conditions were found to be significant.
Variable: Posted speed limit – 75 miles per hour for cars/65 miles per hour for trucks.
Finding: Increases the likelihood of a more severe crash.
The 75/65-mile per hour speed limit was recently enacted to replace the previous Basic Rule
speed limit (i.e., no posted daytime limit) in Montana. No information was available to
determine the actual change in vehicle speeds attributable to the change in posted speed. It may
be that drivers feel obligated to travel at the posted limit, regardless of its appropriateness for
specific roadway geometry and weather-related conditions. This finding may suggest the need
for a speed study through the corridor to adjust the posted speed limit for geometric and/or
seasonal conditions (i.e., variable speed limits).
Variable: RWIS-reported wind speed.
Finding: Increases likelihood of a less severe crash.
This finding supports previous efforts reviewed that indicate worsening weather conditions cause
drivers to modify their driving behavior by reducing speed or increasing following distance, both
of which should reduce the severity of a crash. Increasing wind speed may either reduce the
driver’s perceived control over the vehicle or be acting as a surrogate variable for decreased
visibility (visibility data was not directly available for this investigation). The interaction of this
7
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variable with vehicle type was considered to investigate the relationship between wind speed and
large truck-involved crashes. No interaction effect between wind speed and vehicle type was
found to significantly effect crash severity.
Multinomial Logit Model Findings
Estimation of the multinomial logit model with crash severity as the dependent variable was
carried out using standard maximum likelihood methods as well. Results of the model
estimation are provided in Table 2. The signs of all model coefficients (i.e., positive or negative)
were found to be plausible, as with the ordered probit model. The multinomial logit model has
slightly lower goodness of fit, with the log-likelihood converging from –451.530 to –262.537,
resulting in a ρ2 of 0.419. Of the six variables found to significantly effect crash severity, four
factors were in agreement with the results of the ordered probit model: (1) collision type –
sideswipe same direction, (2) presence of right-side guardrail, (3) presence of a spiral curve and
(4) RWIS-reported wind speed. The two new significant factors, vehicle type – van and RWISreported roadway surface condition – damp, are discussed below.
Variable: Vehicle type – van.
Finding: Increases likelihood of a more severe crash.
Increased severity for crashes involving vans can likely be explained because of more passengers
being involved in the crash. The more people involved in a crash, the more likely it is that any
one of them will be injured or killed. Vans typically carry more people than either cars or
commercial vehicles. Additionally vans carry more women and children than other vehicles in
the traffic stream. It has been determined in previous studies that women and children are more
susceptible to injury in the event of a crash (7).
Table 2. Multinomial Logit Model Results.
Estimated
Coefficient

Independent Variable
Intercept – Fatality
Intercept – Injury
Intercept – Property Damage Only
Vehicle Type – Van (Injury)
Collision Type – Sideswipe Same Direction (PDO)
Right-side Guardrail (Injury)
Spiral Curve (Injury)
RWIS Surface Condition-Damp (Fatality)
RWIS Wind Speed (PDO)
Log likelihood at zero
Log likelihood at convergence
ρ2
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-2.951
3.994
0.501
-1.074
0.546
0.758
2.320
2.668e-002

t-Statistic
-5.661
7.652
1.980
-2.363
2.261
2.863
1.974
2.100
-451.530
-262.537
0.419
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Variable: RWIS-reported roadway surface condition – damp.
Finding: Increases likelihood of a more severe crash.
Unlike the relationship noted with increasing wind speeds and reduced crash severity, drivers
may not associate damp road conditions with reduced safety and do not alter their driving habits
accordingly as with other more adverse weather conditions. This finding was unexpected
because no road surface condition categorical variables reported by investigating officers at the
crash location were found to be significant for either model. This variation in results may be the
result of coding differences between the crash-reported and RWIS-reported surface conditions
(crash reports prompt for dry or wet road surface conditions while RWIS stations record dry,
damp or wet).

MODEL CONTRAST AND COMPARISON
As shown in Tables 1 and 2 for the ordered probit and multinomial logit models respectively,
each comprised six independent variables as factors significantly affecting crash severity. Four
of the six variables in each model: the presence of right-side guardrail, the presence of a spiral
horizontal curve, sideswipe same-direction collision types and average wind speed, were
reported as significant in both models. Each of these four variables showed similar magnitude
and direction of effect on crash severity. To obtain a more quantitative comparison of model
results, two types of calculations were performed: (1) the predicted percent of crashes in each
severity category for both models and (2) elasticities to determine the marginal effects for each
significant variable.
Predicted Crash Severity
The predicted probabilities for each model are shown in Table 3 along with the observed
occurrence from available data. Reviewing these results, there is a good similarity between the
predicted probabilities and the observed crash severity levels. Further, there is good agreement
in prediction between the two models making it difficult to discern a preferred method.
Elasticities
Investigating further, elasticities were calculated for each significant independent variable in
both models. This allowed for comparison of the magnitude of effect for the variables indicated
as significant in both models. Each elasticity corresponds to the percent increase in predicted
crash severity probability resulting from a one-percent increase of the independent variable
value. The elasticities for the ordered probit and multinomial logit model variables are shown in
Tables 4 and 5, respectively. Direct comparison of elasticity results is difficult between the
model types since elasticities are reported for each severity level in the ordered probit model
while a single elasticity is reported in the multinomial logit model. However, none of the
elasticities for the four variables present in both models indicate a major difference in the
magnitude of effect the variable has in one model versus the other model. This finding further
supports the similarity in model results indicated above.
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Table 3. Model Predicted Crash Severity.
Crash Severity
Ordered Probit
Model
Fatality
Injury
PDO
Table 4.

Multinomial Logit
Model

Observed

1.05%
28.84%
70.11%

1.12%
29.31%
69.57%

0.81%
29.32%
69.87%

Ordered Probit Model Independent Variable Elasticities.
Elasticities

Variable
Year – 1999
Collision Type – Sideswipe Same Direction
Right-side Guardrail
Spiral Curve
Speed Limit – 75/65 mph
RWIS Wind Speed

Fatality
-0.145%
0.151%
0.089%
0.103%
0.108%
-0.005%

Injury
0.064%
0.119%
0.019%
0.031%
0.037%
0.001

Table 5. Multinomial Logit Model Independent Variable Elasticities.
Variable
Vehicle Type – Van (Injury)
Collision Type – Sideswipe Same Direction (PDO)
Right-side Guardrail (Injury)
Spiral Curve (Injury)
RWIS Surface Condition-Damp (Fatality)
RWIS Wind Speed (PDO)

PDO
0.081%
-0.270%
-0.108%
-0.133%
-0.145%
0.004%

Elasticities
0.102%
-0.616%
0.110%
0.143%
5.303%
0.226%

With neither model showing much of a clear quantitative edge over the other, judgment as to
which is more appropriate for modeling crash severity was based primarily on qualitative
assessments. These qualitative assessments included ease of model estimation, ease of
interpretation of results and the relative effect any of the specification issues may have had on
model results.
Regarding ease of model estimation and interpretation of results, the ordered probit model was
superior to the multinomial logit model. The process of estimating the ordered probit model was
much less time consuming than that for the multinomial logit model. Additionally the
coefficients reported for the ordered probit model could be directly interpreted as a result of its
simpler model form.
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ADVERSE WEATHER RESPONSE GUIDANCE
The only weather-related factors found to significantly affect crash severity in the Bozeman Pass
corridor for either the ordered probit or multinomial logit model forms were average wind speed
and roadway surface condition–damp, both as reported by the corridor’s RWIS stations.
The inverse and counterintuitive effect of increasing wind speed on crash severity levels causes
difficulty in formulating recommendations for adverse weather response actions. Given that
increasing wind speed improves public safety (i.e., reduces crash severity), no threshold value
for wind speed can be justified to guide response actions. For example, one cannot say that
when wind speed reaches 65 miles per hour, the level of public safety declines sufficiently to
warrant closing the roadway.
The categorical nature of the damp roadway condition variable does limit the ability to narrowly
define a time at which crash-preventative response actions should be taken. However, the
findings of this investigation do suggest that drivers may benefit from advanced warning of
damp road conditions in addition to the advance warning they would receive for wet, snowy
and/or icy conditions. The existence of damp roadway conditions has in the past not been
perceived by either motorists or responders, to be as much a danger to public safety as the more
severe surface conditions (i.e., snow and ice) which are frequently reported to approaching
motorists in advance to encourage them to alter their driving behavior.

ROAD WEATHER INFORMATION SYSTEM DATA LIMITATIONS
Through this investigation, some general limitations in the use of Road Weather Information
System (RWIS) data were revealed that merit further discussion. First, a portion of RWISreported data is categorically. For example, pavement surface status is defined as dry, damp,
wet, chemical wet or snow/ice and the presence of precipitation is indicated with yes or no rather
than a reportable rate of precipitation. This categorical data provides little benefit over existing
crash report data in its ability to better guide adverse weather condition response actions.
The reporting of categorical information combined with the limited historical timeline of RWIS
data and difficulties in accessing and using the data, further limits its usefulness over traditional
crash report data.
A final limitation recognized through this investigation is that RWIS data highly localized
spatially, particularly for data such as pavement surface status. Road Weather Information
Systems report the pavement surface status at the location of the in-road sensor. Oftentimes,
dramatically different road surface conditions can exist from lane to lane (i.e., the driving lane is
usually first to get plowed, sanded, etc. while the passing lanes may remain snow-packed or icy
or upstream or downstream of the sensor if patchy snow or ice conditions exist. An officer
responding to the scene of a crash can be much more liberal in his or her estimation of the road
conditions at the time of or contributing to the crash. As observed in this investigation, adverse
road surface conditions had a substantially higher incidence in the officer-reported crash data
than the RWIS data.
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CONCLUSIONS
The insufficiency of this investigation to confirm the significance of various weather factors
affecting crash severity is likely attributable to the small sample size of 447 crash records. At a
minimum one would expect to see, as with previous work conducted, an inverse relationship
between increasing weather adversity and crash severity, likely attributable to reduced travel
speeds. The methodology followed in this investigation to (1) accurately identify those weather
conditions under which safety levels are minimized and (2) effectively guide crash-preventative
response to adverse weather conditions is still believed to have merit. However, through this
investigation, some issues in the use of Road Weather Information System (RWIS) data were
revealed that should be addressed before further work is conducted in this area.
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1. Introduction
In this paper I will give an introduction to a project designed to developing a method for a future
systematic audit of the existing network of state roads concerning possible measures for improving
traffic safety. Since 1997, Denmark has had a model for systematic prevention of road accidents, as
described in the Danish Manual of Road Safety Audit (RSA). This model describes a procedure by
which all highway authorities by way of a road safety audit are able to prevent road accidents on new
road projects or on existing roads undergoing major alterations. Many highway authorities - local
councils, county councils, and the Road Directorate itself, use Road Safety Audit when constructing
new roads. There is, however, no single detailed description of how a road safety audit is conducted on
existing roads.
Traffic safety on the existing roads of today is not yet as perfect as could be hoped for. The Danish
goal is 40 percent fewer killed and seriously injured before the end of year 2012. If this goal is to be
reached, it also calls for improved traffic safety on the existing roads. This paper describes a project
designed to developing a method for a future systematic audit of the existing network. The proposed
method should be used in addition to traditional road accident prevention measures.
Road safety work is based on two main strategies: accident reduction and accident prevention.
In accident reduction we use our knowledge of accidents that have occurred on our existing roads to
improve the design of the roads or to influence the behaviour of road users, so that similar accidents
cannot occur again. Work on eliminating black spots is a typical example of accident reduction.
Accident prevention, on the other hand, is the application of our expertise in safe road design - road
geometry, as well as the materials used - when we construct new streets and roads or redesign existing
roads, regardless of the reasons for which an individual project has been undertaken. This expertise is
the result of research and, to a significant extent, of practical experience gained in work on accident
reduction.
First I will describe, in short terms, the ideas of The Danish Manual Of Road Safety Audit, then how
the project group imagines that the Danish Road Directorate can apply road safety audit on exiting
state roads.

2. The Danish Manual Of Road Safety Audit (RSA)
Road Safety Audit is systematic accident prevention and is a systematic and independent assessment
of the safety aspects of roads and road schemes. Its purpose is to make new and reconstructed roads as
safe as possible - before construction is started and before accidents occur. It is a matter of
systematically applying our present expertise in road safety - new and established expertise - to new
projects, regardless of whether they are new installations, reconstructions or operating and
maintenance activities.
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Since 1997, Denmark has had a model for systematic prevention of road accidents, as described in the
Danish Manual of Road Safety Audit (RSA). This model describes a procedure by which all highway
authorities by way of a road safety audit are able to systematic prevent road accidents on new road
projects or on existing roads undergoing major alterations.
When conducting a Road Safety Audit, individual schemes are examined through "road safety
glasses". Any inappropriate designs are revealed and proposals for improvements are formulated.
Auditing can be carried out at one or more specific stages during the course of a project. The
systematic approach taken means that consideration for road safety can be incorporated into a project
at the earliest possible stage.
Back in 1995, when the Road Safety Audit Manual was being developed, a pilot project that
determined the accident savings cost vs. the extra costs in connection Road Safety Audit of new road
projects was undertaken. The project showed an average annual return on investments the first year of
146%. A return of investments of such a magnitude will, however, probably be difficult to achieve in a
Road Safety Audits of existing roads since an audit of this kind means alterations on existing roads
and not alterations on the drawing board.
Today, Road Safety Audit is an approved method and more or less a standard phase in many of our
highway authorities’ quality management. The method is used especially on new road constructions.
But we hope that in time it will be applied to all road projects - new constructions, as well as
reconstructions. Road Safety Audit can also be applied to operating and maintenance activities on
existing roads, to the extent that such activities can influence road safety.
A Road Safety Audit is carried out by one or more Road Safety Auditors. One crucial factor is that the
auditors be impartial. A Road Safety Auditor must take no part in project planning and it is not the
auditor's task to weigh road safety considerations, for instance, against economic considerations - that
is the responsibility of the client.
2.1 Audit Stages
The Danish manual of Road Safety Audit describes five stages in the course of planning at which it
can be appropriate to conduct a Road Safety Audit - the so-called audit stages or simply stages:
Stage 1. Initial design (planning)
Stage 2. Draft design
Stage 3. Detailed design
Stage 4. Opening; an examination of the completed works
Stage 5. Monitoring (existing roads); regularly recurring assessment of the function, accident data,
speed measurements, etc., of the scheme.
In the case of small schemes or reconstruction projects, separate initial, draft, and detailed design
drawings, will only rarely be prepared. Thus, it can be relevant to omit auditing of the first stages or to
combine it into a single audit, depending on the nature of the planning process and the scope of the
project.
2.2 The Organisation and The Process in A Road Safety Audit
For each auditing stage the auditor prepares a report with comments and suggested solutions for the
scheme. The auditor sends the audit report to the designer (and a copy to the client). The designer now
formulates his opinion of each individual problem mentioned in the auditor's report, stating whether or
not the auditor's proposals for changes will be followed (the designer can possibly prepare alternative
proposals for changes). The auditor determines whether or not agreement has been reached on the
problems. The auditor could possibly present the audit report to the designer at a meeting.
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In the event of disagreement on the problems and/or their proposed solutions, it is the designer's
responsibility to inform the client in writing of the disagreement (and to send a copy to the auditor),
and to request a decision. The client notifies the designer of his decision in writing (and sends a copy
to the auditor).

3. Road Safety Audit of Existing Roads
I have now described the main feature of the Danish Manual of Road Safety Audits, the model, and
the procedure by which all highway authorities by way of a Road Safety Audit are able to prevent road
accidents on new road projects or on existing roads undergoing major alterations. Through the last few
years, it has been the official policy of the Road Directorate to do an audit at least once in the course
of every new road works, i.e. new road constructions, depending on the size of the project. However
this is only on new roads. There is, as stated earlier, no single detailed description or policy in the
organisation of the Road Directorate on how a road safety audit is conducted on existing roads.
Consequently, in October 2000, the Danish Road Directorate launched the project "Road Safety Audit
of Existing Roads" with the clear goal, over a number of years, of raising the level of safety on the
existing roads. Such an audit is to be seen as a supplement (not a alternative) to other safety measures
on existing road, for example the elimination of black spots.
The project has it’s base point in the Road Safety Audit Manual and the Danish Road Directorate's
organisation, meaning that the organisation (the roles and the responsibilities of the involved parties)
and the process to the furthest possible extent follows the guidelines described in the Road Safety
Audit Manual.
The project is divided into three main parts:
1. A real and specific road safety audit of an existing stretch of road on the island Lolland in
Denmark.
2. A description of the method, based partly on experience from the specific audit on Lolland, the
organisation of The Danish Road Directorate and the Road Safety Audit Manual.
3.

Recommendations regarding the level of traffic safety on the roads under The Danish Road
Directorate’s administration.

Thus, the first part of the project has been a specific audit of a selected stretch of road and a thorough
review of the audit report with the designer (in this case the Road Directorate’s Maintenance
Department) or the client (in this case the ??) along the guidelines described in the RSA-manual.
Based on the experiences gained in this process of audit, it is the responsibility of the project group to
suggest a work method suitable for achieving a systematic improvement of traffic safety on the roads
over a number of years.
The project has been underway for about a year. The audit report on the specific stretch of road has
been compiled and handed over to the designer (the Road Directorate’s Maintenance Department), and
we now await that the Maintenance Department formulates an opinion of each individual problem
mentioned in the auditor's report.
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3.1 A Real And Specific Road Safety Audit Of An Existing Stretch Of Road
The project concerns a road safety audit of a road section in Denmark of approx. 35 km on the island
Lolland. The stretch of road was chosen so as to represent different types of roads, meaning that the 35
km consist of part motorway, part expressway, part highway through small villages along the
highway.
In the fall 2000, the road section was systematically inspected for all matters that might be of
importance to the traffic safety. It is not only the actual road the audit has to inspect; the audit also
includes the roadsides, shoulders, all the lay-bys (picnic areas etc.), slopes and through sections in
villages and towns. An audits most also look on different kinds of traffic; might there for example be
any safety problems at the road construction for a bicycle or a pedestrian.
After that, the audit prepared the results in an audit report listing all commentaries and offering
recommendations for possible solutions. All the general safety comments applying to motorway and
highway were grouped together. A typical safety problem is inanimate objects placed to close to the
road, such as trees, shoulder slopes, power masts, marker stones, traffic boards etc. Secondly, the
general and the specific comments for each stretch are listed. Furthermore, the comments have been
given priority according to the seriousness of the relevant traffic safety problem at three levels. It must
be added that the priority ranking of the comments on traffic safety in an audits report are based solely
on traffic safety consideration. The auditor does not take economy or aesthetics into view.
KmRecommendation
Priority
Comments
measur
P*/P/B
e
3,9-4,1 Bad visibility during overtaking
Establishment of a noP
due to sharp curve at high speeds. overtaking zone in the curve,
Cues of local traffic (lorries) may marked by either
result in risky overtakings.
• spærreflade and/or
• reflekser
Alternative: A local lowering of
the speed limit.
10,1-9,7 Power masts approx. 4 m from
As described in pt. 2.1 –
P*
the roadside.
inanimate objects.
9,6
Well ring placed to high in terrain As described in pt. 2.1 –
P*
close to roadside.
inanimate objects.
9,5
Steep slope.
As described in pt. 2.3 – slopes
B
and ditches.
9.0
Limited visibility towards east at Establishment of no left turn.
P
Picnic
exit from picnic area.
area
8,9
Power mast placed in sharp curve. As described in pt. 2.1 –
P*
inanimate objects.
8,6
Large tree stump by private
As described in pt. 2.1 –
P*
driveway.
inanimate objects.
Figure 1: Example of The Audit’s Report, Conducted at the Road Stretch on Lolland, Specific
Comments.
The example of the audit’s report (figure 1) shows how to point out the traffic safety comments, the
audit’s suggested solutions for the scheme, and the priority according to the seriousness of the relevant
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traffic safety problem. Of primary importance is not the suggested solution, but to draw attention to
and making absolutely clear that here is a safety problem that needs to be solved.
The specific audits on Lolland uncovered a number of traffic safety problems that would mean
extensive and expensive changes, were you to carry through a preventive efforts.
The following figures shows some of the typical safety problems, found at the inspection at the road
on Lolland :

Figur 2: Trees Placed to Close to the Motorway. The Crash Fence is Finished to Early

Figure 3: A Well Ring is Placed to high in terrain
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Figure 4: A Picnic Area with Unconditional Duty to Give Way on a Motorway
3.2 A Description Of The Method To Implicate RSA On Exiting Roads
The following is a description of how Road Safety Audits on exiting roads is to be integrated in the
Danish Road Directorate's organisation, practically and otherwise. I must say that these are only
tentative recommendations – the audit process is not yet completed. We still await feedback from the
client and the design team on which traffic problem comments in the audit report they want to act on
and when this is to be done. When that process is carried through we can advance the final
recommendation on the work method.
The method is build on:
1. The Road Safety Audit Manual
2. Danish Road Directorate's organisation and the road that is administrate by the Danish Road
Directorate, i.e. the motorway and the main highway.
3. The experience gathered in the specific audits on the island Lolland
It is also assumed that the audits process is carried through as described in the Road Safety Audit
Manual.
In the Road Safety Audit Manual the audits process operates with tree parties. Each party in the
organisation has a role and a responsibility. In Road Safety Audit on exiting roads the parties are
defined as:
•

The audits

•

The department in the Road Directorate which administrates and tend the roads, called the
Maintenance Department

•

The Maintenance Department Management Group
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management of the
maintenance
management
of theof
Management
maintenance

Maintenance

the maintenance

Audit

Figure 5: The Parties In The Audits Process, Based On The Organisation Of The Danish Road
Directorate
Below follows a description of the tree parties roles and responsibilities
3.2.1. The Role Of The Audit
The method used by a traffic safety auditor is described in The Road Safety Audit Manual. The
auditor’s description of problems and suggested solutions to them is based on prior knowledge of
traffic safety combined with on-site observations with references to the checklist in the Manual.
In an audit such as this, it is the responsibility of the auditor to drive along the specific road stretches
and asses the design and maintenance of the roads and their importance to traffic safety. The auditor
compiles an audit report, which is then presented to the Maintenance Department. The audit report
describes and comments all observed problems and gives recommendations like in the prior examples.
It is important to keep in mind that the auditor’s report solely contains comments with regards to
traffic safety.
Such an audit is quite costly in time compared to other audits. Observations should be done by at least
two people, a driver and an auditor taking notes. It is, however the sole responsibility of the auditor to
make observations and comment on these, just as the final audit report is.
The audit may be declared closed, either by mutual agreement or if declared by the Maintenance
Department Management Group, when the auditor notifies all parties in writing. Thus, the formal
closure of the audit report is done by the auditor, not by the Maintenance Department.
3.2.2 The Role Of The Responsible Party In The Maintenance Department
It is the role of the responsible party in the Maintenance Department to order an audit and to supply all
necessary material for an audit.
The audits results and conclusions from the audit must be presented to the Maintenance Department. It
is the responsibility of the Maintenance Department to give a written answer along with some sort of
time plan, showing which solutions will be carried out and when. The answer should be included in
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the final negotiations with the auditor, giving the auditor the opportunity of including the answer in his
final comments. With this, the task of the auditor is concluded, and it is the responsibility of the
maintenance Department to act on the recommendations stated in the report.
3.2.3 The Role Of The Maintenance Department Management Group
The Maintenance Department Management Group is the third party involved. The Management Group
essentially orders the audit, through Maintenance, owns and finance the project. Furthermore, it is the
role of the Managment Group to rule on disagreements between the auditor and Maintenance
regarding implementation of the auditor’s recommendations. In other words, the Management group
must decide if extra funding is necessary to implement some of the more costly recommendations in
the report.
3.2.4 How Often And When To Do Road Safety Audits On Existing Roads?
Through the experience gained in the specific audit conducted on the test stretches on Lolland, we
found that the work was very time-consuming. Furthermore, our observations uncovered problems that
would call for extensive and very costly changes, changes that cannot be carried out systematically
within a normal maintenance budget and thus will take a long time to remedy.
Therefore, it is recommended to repeat the audit at regularity intervals, for example every fifth year.
The long term will give Maintenance a chance to plan, make budgets and undertake major changes in
the interval between audits.
Since the work is quite time-consuming, we cannot recommend that an audit of existing roads be
undertaken to frequent, i.e. once a year. Furthermore, if the client has not implemented the
recommended changes, the auditor only risks observing the same problems that already figure in an
earlier report.
We also recommend that:
•

An audit is undertaken of every major road works. Included are audits of types of pavement,
lighting, landscaping and gardening (trees, bushes etc.), renewal of road equipment, etc.

•

An audit is undertaken of all construction and maintenance contracts with an entrepreneur. Audits
of this type should be used by all relevant sub departments in the Maintenace Department.

The overall planing in the Maintenance Department should also include thoughts on which road
stretches should receive the highest priority. There are many different priorities to consider, but the
geographic locality of a stretch of road would be a natural starting point, meaning that audits of the
types of road with the greatest risk of accidents, or the roads where traffic is most dense, should come
first.

3.3 The Level of Safety on the Existing Roadsin Denmark.
Finally, the project outlines some general and specific recommendations regarding the level of safety
on the existing roads in Denmark.
The official policy of the Road Directorate concerning the standard of traffic safety is that all traffic
rules, both binding and recommended, should be followed at all times.

8

In conducting an audit, the auditor bases his comments on, among other things, prior knowledge on
security. This knowledge is not necessarily described in the traffic rules, but kan stem from
experiences gathered in work on black spots, investigations from abroad or investigations conducted in
connection with a newly proposed traffic rule etc. Actually, on of the main responsibilities of a traffic
safety auditor is to be fully briefed on the latest in the field, but also to view it with a critical eye. One
must be able to assume, that the recommendations of an auditor always are based on sound knowledge
and thus will have a positive effect on road safety.
The project group recommends that the Danish Road Directorate makes it it’s official policy to always
accept recommendations based on security, even when such recommendations go beyond existing
traffic rules.
Furthermore, the project lists a number of specific technical or physical implementations that ought to
be applied to all roads. Some of these implementations calls for major investments, others can be
achieved by redirecting funds and thus improve road safety at no additional cost.
Below follows a few examples on how to improve the general safety on the roads under the Danish
Road Directorate’s administration:
•

Implementation of local speed limits in small developed areas outside the city-zones, through
intersections, and i sharp, horizontal curves. Speed limitation can be from 50-70 km/t and can be
supported by physical measures.

Figure 6: Lesser Developed Area, Outside City-Zone, Many Intersections, Bad Visibility
•

Shielding, removal or insertion of breakable joints or crash-safe material of all inanimate objects
such as masts, signs, and trees.
Example:
Signs and traffic boards may with a good result and inexpensively be moved to behind the crash
fence close by.
Whenever a pylon is replaced, it should be standard procedure, to replace it with a crash-safe
pylon.
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•

En improvement of visibility in all intersections, by way of repositioning of signs, fences etc..
Example:
In intersections with unconditional right to give way, it will often be possible move the stop line a
little further out towards the main road, thus improving visibility.

I t is also important that we make sure to inform people from Maintenance, entrepreneurs, and others
who have their daily goings on the roads of new knowledge in the field and accident preventive
effects. This is done through regular information seminars, excursions, etc. where safety consultants
contribute with a status on the general facts regarding work on road safety improvement on all state
roads now and in the future, and of new tests and investigations with relevance to traffic safety.

3.4 The Conduction Of Safety Audit On Existing Roads (Where We Go From Here )
As mentioned earlier, the situation today is that the project, the safety audits process, has not yet been
closed. At this time the audit’s report has been handed over to Maintenance, and they are at the
moment working out an opinion of each individual problem mentioned in the auditor's report. So at
this point it is not decided whether The Danish Road Directory will decide to follow the
recommendations of the Project Group on how to implement systematic Road Safety Audits on
existing road.
However, the Danish Road Directory, in the Danish Road Directory action plan for Environment and
Traffic Safety on the State Road Net, has earmarked Danish Kroner 5 million (US$ 700,000) a year
for environmental and traffic safety works, including changes based on recommendations from audits
of existing roads.
We hope that the project can be concluded this coming winter and that the Project Group’s
recommendation can be implementers as standard procedure in the Road Directorate in the spring
2002.
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TRAFIC SAFETY ON THREE CONTINENTS
Moscow, 19-21 September 2001

ENVIRONMENT, BEHAVIOUR PATTERNS AND ROAD SAFETY

1. The problem
The quality of the environment, the social context and road safety are closely linked. This fact
has been demonstrated and analysed in France through a combination of research, studies and
experimentations conducted over the past ten years.
These studies have particularly :
- analysed drivers’ behaviour through the psychophysiology of perception, which has
highlighted four main states of alertness, perception and interpretation of the environment;
- shown that the error of designers of infrastructure and its equipment has been due to a
notional idea of behaviour that has ignored its real pattern changes and its perceptual and
cultural determinants;
- shown the essential role of self-explaining design and understanding of a specific
environment, on the one hand, and the pre-existing mental images resulting in recognition and
anticipation automatisms, on the other hand;
- identified the impact of semiological redundancies in order to achieve drivers’ awareness
and anticipation as they draw near to accident cluster sites.
Environmental quality, the appropriation of spaces and facilities, the self-explaining design
and the understanding of the functioning of the surrounding space are thus closely linked. The
overall perception (landscape, aesthetics) influences ethologically determined, constant
behaviour patterns (types of driving) and cultural backgrounds (mental representations) to
induce the driver to adjust his behaviour (identification, understanding, appropriation,
anticipation). Environmental quality, particularly landscape quality, is thus closely co-related
with road safety.
Safety must therefore be approached as resultant of a complex system with multiple
interactions involving the new facility, its environment, its perception and legibility, the
regulations, and the user's psychology.
The problem is broad, and cannot be treated today in all its aspects. I will therefore deal only
with our experience in France, and with the innovative approaches developed in the last few
years, which led to a new approach in the design of the facilities, in order to account for the
actual behavior of the various users, and to modify them so that they are better suited to the
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constraints and realities of driving situations. This kind of approach attemps to create, through
the very design of the solutions, global traffic and behavior conditions which are better adapted
and less accident-generating.

2. Environment and behaviors patterns
This new approach was first developed in France in the periphery of the cities, crossed by
heavy-traffic roads, as in rural areas, in road sections approaching or crossing villages and
townships. The surveys had shown than in these areas, the physical road environment, the
landscape and the side activities influence the driver's behavior and the safety level.
They also showed that the accident areas often are areas where there is actually a contradiction
among the various messages perceived by the user.
Based on this finding, some surveys were conducted in order to better understand how a driver
reads and understands the space, and to identify the possible principles of action.
The surveys show that the process of environment reading by a driver can be roughly divided
into two phases:
a "rough" reading", without sustained attention. If the driver does not meet with any
difficulty, he goes on reading the environment in a superficial way, he does not pay any
attention to it.
when a problem, a potential conflict, an uncertainty in the route to follow, for example,
is detected, he will look for more information by thorough reading.
This two-phase reading is important, since one of the road designer's objective is to ensure that
the visual stage, i.e. the environment displayed before the user, leads him, if there is a risk of
danger, when approaching a conflict area, for instance, to be aware, and to go to his second
attention level.
We also identified four major types of decoding a road visual environment.
the most simple, almost automatic, reading, that of the ribbon which is the road. This
behavior is of an ethological nature, it is an animal reflex. When one has a ribbon in front of
oneself, one follows it.
a method of simple environment reading, which requires minimum training: if there are
houses, this is a city, there may be conflicts, there may be intersections, which are not always
visible, one has been taught to be careful in such situations.
a third, much more complex, method of reading concerns the other users, and not only
the signs provided by the environment. The driver must also be able to anticipate and guess the
behaviors and actions of the
other users. This implies a very advanced training, and a practice of driving a vehicle in a city
environment.
the fourth way of reading is the most abstract and the most complicated, it is the reading
of the traffic signals. Experience has shown that most users are failing in this area, and that in
practice very few of them have a thorough knowledge of the signalling codes and regulations.
The integration of this knowledge into the preliminary designing of road infrastructure and into
ex post action, can contribute both to :
–
preventing or reducing some harmful perceptual effects in terms of road safety
(monotony, stroboscopic effects, effects generating somnolence or loss of vigilance etc.)
–
influence behaviour positively (self-explaining nature of site, understanding of what is
happening, adjustment of behaviour).
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Thus, it is by acting mainly at the level of the first three reading modes that the user's behavior
may be effectively influenced.
The surveys also show that when we drive we look far away, to the end of the perspective.
Thus, a closed perspective, interrupted by a sign, as opposed to a clear perspective, will cause
the user to sustain his attention.
They also indicate that road signs, even if they are well designed, will always have some
difficulty in overcoming the tendency to look far away, and in bringing the driver to look at the
closer areas.
The surveys identified two successive modes of anticipation in the approach of a conflict area,
intersections, obstacle, etc.: within the 10 to 20 seconds before, the driver starts integrating it in
his thoughts, and to understand that he will have to do something. Then, in the last 3 seconds,
the driver is totally engrossed in his task and is managing his driving. From that moment on, he
is little likely to receive a new information.

3. The possible actions
In relation to the first reading mode, action can be taken by cutting the ribbon's effect of
continuity : a crosswise ground marking or a clear change in the surfacing, a roundabout, are
various ways of discontinuing the automatic character of the driving, and to obtain the driver's
attention.
In relation to the anticipation times, it is important to design the road landscape according to
these 20 seconds, which corresponds to 300 or 400 m sections on relatively fast traffic roads,
and to shorter sections on access roads, for instance.
In the design of the road, this timing must follow a certain logic, mainly induced by the
intersections, for instance, allowing thus to maintain the user's sustained attention or to wake it
up, corresponding to the reality of the occurrence of conflict situations.
Another consequence is the need for the facilities to provide the user with redundant
information. Every driver reads differently depending upon his sociocultural background and to
his training level : e.g. curbstones, presence of parking space, of urban fixtures, of lights, some
types of plantations, are all signs of arrival into a city or a township.
Traffic lights, ground markings, local prohibition to park, pedestrian crossings, certain types of
plantations, etc., indicate the presence of an intersection. The redundancy of this type of
information makes it easier to read the space, and this legibility favors safer behaviors.
Based on these principles, a certain number of facilities were built; their efficiency, both from a
safety and urban quality standpoint, was established:
- the urban courtyards, with mixed traffics, without physical division, where the motorist
realizes that he is in a space not reserved for him, where he does not feel he has the right of
way, and where the physical facilities do not allow him to drive fast,
- intersection works, reducing the road space, and therefore marking off the conflict areas,
which also gives some space back to the pedestrians or other users, and which simplifies the
operation of light-traffic intersections,
- in suburban areas as in rural road sections, more extensive works in the routes or roads,
crossing of urban settlements, city entrance, downtown crossing, etc., where the uniform and
traditional image of the road is deeply modified and where the presence of the other users is
brought forward,
3

other types of works which are more specific in intersections, around schools, and the
purpose of which is both to slow vehicles down and to provide the best visibility and legibility
conditions for the space and its multiple functions.
-

4. Conclusions
The results obtained are very satisfactory ; in particular, we note that speeding has almost
disappeared, that there are less accidents and that these are less serious, even many years later.
As a conclusion, if safety is indeed a complex problem which is difficult and lengthy to deal
with, it is through the joint effort of all, and in particular of those in charge of road design,
technicians but also psycho-pysiologists, environmentalists and landscapers, that significant
results can be obtained. The knowledge and the techniques do exist, their application requires a
commitment by the decision makers and a thorough and fine work by the road specialists. But
this effort is worth while.
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A STUDY OF SAFETY EFFECTS OF ROAD INFRASTRUCTURE
IMPROVEMENTS UNDER ISRAELI CONDITIONS
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Abstract
A study aimed at developing a uniform methodology for evaluating potential safety effects of
projects on road infrastructure improvements, is presented. The final product of the study is a
computer program, which enables to perform cost-benefit analysis of different variants of a
project, from the viewpoint of associated accident savings, and serves as an assistance tool for
road and traffic engineers. The core element of the system is a database on values of expected
safety effects from various road infrastructure improvements. To provide this database, the
study included the following steps: (a) developing a summary of safety effects as these appear
in the international experience (based on reviews on the subject published over the last
decade, some 250 summary values were evolved); (b) developing a method for evaluating
safety effects of road infrastructure improvements under local conditions; (c) collecting data
on road infrastructure improvements performed on the Israeli road network through the 90s,
and building examples of treatment types for analysis (in total, some 400 interurban and some
500 urban projects were recorded in the database from which more than 30 examples of
treatment types evolved); (d) evaluating the effects of these treatments, based on accident
statistics in ”after” as opposed to ”before” periods. Based on the comparative review of the
known methods for evaluating safety effects, the method proposed in the current study,
accounts for confounding factors such as regression-to-the-mean, time-trend, changes in
traffic volumes but at the same time, stays relatively simple and accessible for wide
application. To combine the study findings with the previous experience, decision rules were
developed which enabled the inclusion of some 20 estimates of safety effects in local
conditions, to the required database.
Introduction
In Israel like in other countries, many road infrastructure improvements are annually
performed. Part of these projects have evident safety purposes, other measures are initially
intended for improving mobility or for other tasks but sometimes also provide safety benefits.
In regular practice, there is a common assumption that each measure is associated with a
contribution to road safety, in the form of saved accidents or reduced severity or, in other
words, has a safety effect. However, the degree of this effect is frequently unclear when a
specific project is under consideration or when several alternatives are compared. Not rarely,
in usual practice, an estimate is supplied which is primarily based on intuition, expectations or
some professional experience whereas in the professional literature plenty of results from
studies are available which report on safety effects observed following the introduction of
different measures. There is however a reluctance by local engineers to use results from
international studies on the unproven assumption that local conditions are different from the
international ones.
In order to evaluate the potential safety benefits of road infrastructure improvements
on a systematic basis, a uniform evaluation tool needs to be developed and provided for
widespread use by the professional community. This was the aim of a study, initiated by the
Israeli Ministry of Transport and recently performed by T&M Company in association with
the Transportation Research Institute - Technion. The final product of the study was a
computer program, which performs a cost-benefit analysis of different variants of a potential

road infrastructure improvement, from the viewpoint of associated accident savings, and
serves as an assistance tool for road and traffic engineers.
The tool for evaluating potential safety effects of road infrastructure improvement
projects is supposed to include two core components: a database on safety effects of various
measures and a method for calculating accident savings due to the project (in monetary
values) and for comparing several projects through the benefit-cost ratios. The ways for
calculating benefit-cost ratios and other calculation techniques which are common in
economic practice, are well described in many sources (e.g. Ogden, 1996; Elvik, 1997a).
Depending on the project type, some assumptions as to the duration of project service life and
the accepted discount rate should be provided. At the same time, major efforts need to be
invested in evolving values of safety effects which would be firmly applicable under local
conditions. Following this demand, the study included several steps:
(a) developing a summary of safety effect values as these appear in the international
experience;
(b) developing a basic technique for evaluating safety effects of road infrastructure
improvements under local conditions;
(c) collecting data on road infrastructure improvements recently performed on the Israeli road
network, and building examples of treatment types which are widely applied in local
conditions;
(d) evaluating the effects of these treatments, based on accident statistics in ”after” as opposed
to ”before” periods.
Both international and local values of safety effects compose the required database where the
international experience plays the main role in the cases of measures, which have not yet been
evaluated in local practice.
Safety Effect Values Coming from the International Experience
Similar to Elvik (1997a), in the current study, the safety effect of a treatment is
defined as an expected reduction in target accidents following the implementation of a
treatment. The effect is usually given in the form of a percentage (e.g. Elvik et al, 1997;
Ogden, 1996). The treatment presents typical road infrastructure improvements, e.g. ”lighting
installation”, ”introducing traffic lights at a junction”, ”increasing lane width”. The target
accident group is a defined subset of total accidents, which is influenced by the treatment
considered.
As known, a huge amount of publications on road safety is devoted to the observed
effects of safety treatments. The reported studies differ in ways of treatments’ grouping,
evaluation methods, sites’ conditions, sizes of accident sets considered, etc. To arrange the
findings of various studies on a systematic basis, a special perennial follow-up study needs to
be undertaken similar to that which produced the Norwegian Road Safety Handbook (Elvik et
al, 1997). In the current study, providing a summary of the international values was
considered by the study steering committee as a somewhat secondary task Therefore (under
the limitations of time and budget), within the research team, it was decided to develop a
summary of the reviews on the subject, which were published through the last decade.
The main information sources considered for this purpose, were:
Elvik et al (1997) – a comprehensive summary of international experience based on data
published in most relevant journals, research reports, official publications, etc, in the EU, US,
Canada, Australia and other countries. In the book, the treatments are arranged in 124 groups
which concern road and traffic conditions, vehicle improvements, road users’ behaviour,
organizational measures, etc. Within each group, estimates are presented for several treatment
subtypes, various conditions and target accident groups, whereas all the values were attained
by means of the meta-analysis technique.

Travers Morgan (1992) – a review of more than 200 studies from Australia, US and other
countries, with a detailed classification of treatments and accident groups considered. A range
of safety effect values was produced for each treatment type.
Ogden (1994) and Ogden (1996) provide a summary of effectiveness of traffic engineering
measures as this appears in the Australian experience. Another summary of values
recommended for application is given in RTA (1995) but this time in the form of series of
values associated with different accident types (as defined by the local accident codes).
Elvik (1997a) provides estimates of most applicable safety measures as these were considered
for the Dutch road safety plan.
In a number of British publications (e.g. Proctor, 1997) the effectiveness of low-cost
engineering measures is reviewed.
In addition, some other evaluation studies published after 1997 (and therefore not analyzed in
Elvik et al, 1997) were considered.
A database was established which classified the treatment categories, on the one hand,
and demonstrated the estimates from different sources, on the other hand. Using this database,
summary values were evolved for each treatment category or for a group of categories. In
total, some 250 values of safety improvements were provided (see examples in Table 1). As
agreed, these summary values served as ”default” input to the evaluation tool developed in the
study. The summary safety effects are subdivided into two sets, for ”rural” and ”urban” areas,
whereas the measures considered are further subdivided into ”junction” and ”section”
treatments, and then into topic subgroups, e.g. ”cross-section”, ”medians”, ”roadside
hazards”, ”marking and signing”, etc. Such a structure of the database enables the measures to
be easily sought for, in accordance with the type of site considered.
Method for Evaluating Safety Effect
Evaluating the safety effect of a treatment implies a comparison of the number of accidents
observed in an ”after” period with an accident number, which would occur had the treatment
not been applied. The latter presents a corrected value of previously observed (”before”)
accidents. The corrections are necessary due to the stochastic character of accidents, on the
one hand, and conversely, due to a multitude of factors, which influence accident occurrence.
The issue of proper evaluation method is under discussion for many years during which the
evaluation approach has passed through a drastic change some twenty years ago, followed a
recognition of the regression-to-the-mean phenomenon in accident behaviour and the
introduction of Empirical Bayes techniques for adjusting for the evaluation bias. Hauer’s
background work on the topic is summarized in his recent book (Hauer, 1997).
A review of methods, which were historically applied for evaluating safety effects, can
be found, for example, in Pendleton (1996), Maycock and Summersgill (1995), Griffith
(1999). In general, four groups of methods are available: (a) simple after/before comparisons;
(b) after/before comparisons with a control (comparison) group; (c) cross-sectional analysis;
(d) Empirical Bayes methods. In all the methods, a dilemma of simplicity versus accuracy of
evaluation, is usually discussed. Based on the comparative review of the known methods, in
the current study, the demands for a reliable method to evaluate safety effects were
summarized as follows:
a) It should provide an estimate with a known level of significance;
b) It should account for accident trends in the ”after” as opposed to the ”before” period,
including the impact of changes in traffic volumes;
c) It should account, if relevant, for the selection bias.
Besides, the method should be accessible for wide application, i.e. it should define a series of
calculations to be performed by any road or traffic engineer, without a need to involve
complex statistical packages such as SAS.

To satisfy the above demands, a method combining an after/before comparison with a
control group, with an empirical correction due to selection bias, was proposed. The outline of
the method resembles that described in Elvik (1997b), whereas in the present study, an
extension, accounting for changes in traffic volumes was developed. It should also be noted
that the best way for predicting the accident number at a site, had the treatment not been
introduced, is by means of a multiple regression model (Hauer, 1997). To develop such a
model, a comprehensive database with updated characteristics of the road sites, for the years
of interest, needs to be available. At present, the road authorities in Israel support no such
systematic database. Thus, the evaluation was limited to the samples of sites manually
collected for specific treatments considered. As a result, the reference group statistics, which
are necessary for correction of the selection bias, were estimated by the method of sample
moments and not on the basis of a regression model.
The evaluation method developed in the study, works with three kinds of accident
data: (a) for treatment sites, in ”before” and ”after” periods; (b) for a reference group, in the
”before” period; (c) for a comparison group, in ”before” and ”after” periods; and with the data
on traffic volumes at the treatment and comparison-group sites. To note, the reference group
includes sites which are similar to the treatment sites in most engineering characteristics and
are left untreated (unchanged) during the ”before” periods of all the sites in the treatment
group. The comparison group should be large (to strengthen the significance of the findings),
demonstrate some similarity with the treatment group, from the engineering viewpoint, and a
high similarity with the treatment group, from the viewpoint of accident changes in the past
(e.g. Maycock and Summersgill, 1995; Hauer, 1997).
For a treatment type considered, evaluation of the safety effect includes three steps.
1) A correction of ”before” accident numbers, with the help of reference group statistics, for
each site in the treatment group. This is done by means of the known formula of Empirical
Bayes method, which mixes the mean of the reference population, and the number of
accidents observed at the site considered (Hauer and Persaud, 1987):
ε = αE (m) + (1 − α ) x
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where
ε - adjusted expected number of accidents at the site,
x - recorded number of accidents at the site,
m - expected number of accidents for sites of this type, with E(m) as mean and VAR(m) as
variance, which are estimated on the basis of reference group sites, as follows
Eˆ(m) = x
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where s 2 = VAR ( x )
VAR (m) = s − x
This way, α is an estimator of the homogeneity of the reference population. A modification of
the formulae is also available for the case with unequal ”before” periods for the treatment and
the reference group sites.

2) An evaluation of the treatment effect, at each site, by means of the Odds-ratio with the
comparison group, where for the ”before” period the corrected accident numbers (from the
first step) are applied. Besides, a correction due to changes in the traffic volumes is
performed. The formula has the form:

Estimated effect(θ) =
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where
Xa – the number of accidents observed at the treatment site in the ”after” period,
Xm – the corrected number of accidents at the treatment site in the ”before” period,
Vta – traffic volume at the treatment site in the ”after” period,
Vtb – traffic volume at the treatment site in the ”before” period,
Ca – the number of accidents in comparison group sites in the ”after” period,
Cb – the number of accidents in comparison group sites in the ”before” period,
Vca - traffic volume in comparison group sites in the ”after” period,
Vcb - traffic volume in comparison group sites in the ”before” period,
βt – the parameter of safety performance function (a power of relation between traffic volume
and the accident number), for treatment sites,
βc – the parameter of safety performance function, for comparison-group sites.
To be applied, the formula requires one of two conditions to be present: (a) equal duration of
”before” periods and equal duration of ”after” periods for the treatment site and the
comparison group; or (b) equal duration of ”before” and ”after” periods for the treatment site
and the same for the comparison group.
3) Weighting the effects found for separate treatment sites. This is done by means of a
standard way known for weighting Odds-ratios, where a statistical weight of separate result is
defined by the sizes of data sets, which provided this result:
åi w i ln(θ i )
Weighted mean effect( WME) = exp(
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where
θi - estimate of effect for site i,
wi - statistical weight of estimate for site i,
Xia – the number of accidents observed at treatment site i, in the ”after” period,
Xib – the number of accidents at treatment site i, in the ”before” period,
Cia – the number of accidents in comparison group (for site i), in the ”after” period,
Cib – the number of accidents in comparison group (for site i), in the ”before” period.
The 95% confidence interval for the weighed effect is estimated as follows:
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The applicable value of the safety effect, i.e. the best estimate of accident reduction associated
with the treatment (in percents), is calculated as (1-WME)*100. To note, in the cases of large
samples of treatment sites (that diminishes a threat of selection bias and also limits the
practical possibility of building a comparable reference group), only steps 2-3 were applied
for the evaluation.
Data Collection and Definition of Treatment Types for Local Conditions
A basic demand for the project was to produce as many estimates of safety effects as possible
for local (Israeli) conditions. This, where no systematic database on the performed projects
was available. Hence, the data on the projects of interest (which were initially defined as a list
of possible infrastructure improvements to be considered) were collected by means of written
applications and meetings with the representatives of road and municipal authorities, in
different country areas. A special database on the issue was established for the project. The
data were sought mostly on the projects performed in mid 90s (to have two-year ”before” and
two-year ”after” periods for observation), however, when the exact information was available
with regard to the projects from other years of the last decade, records on these projects were
also added to the database.
To represent a specific project in the database, three information elements were
defined as crucial: site of treatment, type of treatment and the period of treatment. For the
project to be involved in the evaluation, all three pieces of information had to be thoroughly
verified. In general, to provide a minimum but comprehensive presentation of a specific
project in the database, a special report form was devised which enables to classify the site
and the treatment in accordance with the road layout (e.g. number of lanes, divided versus
undivided road), type of junction (number of arms, signalized or not) and the area specifics
(e.g. city center, residential area or arterial road, in urban area). Contacting relevant
authorities, these details were collected when available; later, missing details were also
obtained on the basis of annual authority reports and the official road maps. The data on
traffic volumes were extracted from the regular traffic counts performed by the Central
Bureau of Statistics (CBS). The database records were accumulated in four groups, according
to the general types of sites, i.e. sections and junctions in urban and rural areas. In total, some
400 records were collected for the interurban and some 500 – for the urban area. Part of the
records were excluded from further analysis due to changes in the field, which took place at
the sites within a period of two years after introducing the treatment considered.
Grouping the records in accordance with the characteristics of treatments and the sites
involved, treatment types for evaluation of safety effects were produced. These were also
called ”examples for analysis”, 12 of them were built for the rural area and 21 – for the urban
area (Table 2). Specifying the site characteristics within a treatment type considered, the
reference group sites were defined. These are sites, situated mostly in the same geographic
zone as the treatment sites, and satisfy a number of engineering criteria of similarity, e.g.
being an unsignalized intersection, of T-form, on single-carriageway road (for Example 1 in
rural area). In some cases, two groups of target accidents were determined for the treatment
type (see Table 2).
Within each example for analysis, a strict definition of the periods ”before” and
”after” the treatment was provided for each site; a definition of both periods for the
comparison-group sites was also attached to each example. Next stage in the data preparation
was filtering the CBS accident files, for the sites and periods required. Separate files with
series of accident numbers were produced for every treatment and comparison group of sites
(and for specific target accidents); in total, more than 70 data files were produced for the
analysis.

Safety Effects Evaluated for Local Conditions
Table 2 details the number of sites (projects) involved in the analysis of each treatment type,
the number of accidents observed at the treatment sites in ”before” and ”after” periods, the
mean value of the safety effect estimated and the confidence interval for this value. As can be
seen from Table 2, in most cases a significant accident reduction or a reduction trend was
observed following a treatment. (A reduction is significant when the whole WME confidence
interval is below one. A reduction trend is where the estimated effect is below one.) At the
same time, a significant increase in injury accidents was associated, for example, with
widening a road section in both rural and urban areas. Possibly, a tangible increase in road
traffic and higher travelling speeds were stimulated by better road conditions on these
sections, that resulted in higher accident numbers as opposed to the previous years.
Considering the results of a safety evaluation study, a major question usually arises as
to combining new findings with those from previous experience. Such a question is quite
common because the estimates attained are sometimes insignificant or significant to a certain
extent (for example, with P-value<0.10) and from the practical viewpoint, there is a need to
accept or ignore the findings. As noted by many researchers (e.g. Griffith, 1999), to prove a
significance of the effect which ranges in 10-20%, the size of accident set considered should
be of several hundreds, a condition that frequently can not be provided for consideration of a
specific treatment. Another problem can be in that the local finding is somewhat conflicting
with the values reported in other countries (e.g. the local value is too high or indicates an
increase in accidents whereas accident reductions were generally observed in other countries).
More specifically, in the current study, there was a need to indicate those of the local findings,
which are sufficiently strong to serve as a basis for cost-benefit evaluations of the potential
projects. For this purpose, some decision rules were developed as described below.
To examine the local findings on safety effects of treatments, two criteria were
introduced:
(1) significance of the value estimated for local conditions;
(2) consistency of the result with the international experience.
For a subdivision of the findings, using the two above criteria, three groups of values were
defined:
I - Values recommended for application (without a reservation). This includes findings which
(a) were found significant (P-value < 0.05) and (b) resembled the international results;

II - Values admissible for application (with some reservations). This comprises values which
(a) can be seen as significant to a certain extent (P-value < 0.20) and correspond to the range
of values which were found in other countries; or (b) were found highly significant for local
conditions (P-value < 0.05) but contradict the international findings;
III – Values not recommended for application yet. This includes values, which do not satisfy
the demands of groups I and II. Concerning these types of treatment, a follow-up study should
be continued, to provide larger data sets for the evaluation and consequently, obtain more
significant results.
Using the above decision rules, some 20 estimates of the safety effects were found as
applicable for local conditions (Table 3) and were introduced to the database of the evaluation
tool developed.
Conclusions
The presented study demonstrates a typical way for providing values on safety effects of road
infrastructure improvements, in local conditions. The evaluation method developed in the
study attempted to satisfy both a demand for treating confounding factors (regression-to- the-

mean, general accident trends, changes in traffic volumes) and a need to be relatively simple
for application. It is believed that the database on safety effects, both international and local,
accompanied by the embedded benefit-cost evaluation procedure, will provide a systematic
basis for evaluating safety impact of potential transport projects in the country.
In order to properly update the available estimates and to provide the safety effect
values on other treatments, a computerised reporting system on the transportation projects
performed should be established. Such a system should function on an annual basis and be
regularly supported by the authorities responsible for the application of road infrastructure
projects and budgets in the country.
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Table 1 Summary Values of Safety Effects Based on International Experience (Examples)
Safety effect - percent change in
Subgroup of treatments
total injury accidents
Treatment type (Area1)
Junction
Introducing traffic signals* (All)
-20
Minor realignment (All)
-15
Improved visibility conditions (All)
-3
Introducing stop signs* (All)
-30
Cross-section profile
Passing lanes for heavy vehicles (R)
-20
Widening lanes (All)
-25
Constructing shoulders (R)
-20
Major realignment (R)
-30
Upgrading road in densely populated area (U)
-7
Road-side hazards
Attenuaters on fixed objects (R)
-69
Road side safety barriers (R)
-40
Removing obstacles (R)
-20
Medians
Installation of barriers** (R)
-6
Widening median (R)
-15
Introducing median (R)
-4
Introducing median*** (U)
-7
Marking and signing
Rumble strip on shoulders (R)
-15
Raised pavement marking (R)
-15
General improvement (U)
-25
Raised marking of dividing line (U)
-10
Traffic calming (U)
Road humps
-48
30 km/h speed limit zone
-27
Residential yard
-25
Pedestrians (U)
Pedestrian fences
-20
Refuge at pedestrian crossing
-15
1
R - rural area, U - urban area, All - both areas
There are separate values for: *different junction conditions, **different barrier types,
***different road types

Table 2. Treatment Types and Safety Effects Evaluated under Israeli Conditions
Example Treatment type
Estimated
WME
Number of
Number of
No*
(specific target
effect
confidence treatment
accidents at
accidents**)
(WME)
interval
sites in the
the treatment
sample
sites
R-1
Lighting+ Realignment
0.789
(0.542,
6
121
of unsignalized #jn
1.149 )
R-1 cont. Lighting+ Realignment
1.18
(0.621,
6
40
of unsignalized #jn
2.242 )
(night)
R-2
Signal Control
0.70
(0.496,
6
158
+Ligthing+ Realignment
0.988 )
of #jn
R-3
Ligthing+ Realignment
0.832
(0.54,
57
51
of #jn
1.281 )
R-3 cont. Ligthing+ Realignment
0.732
(0.445,
57
13
of #jn (night)
1.205 )
R-4
Lighting of interchange
1.127
(0.333,
3
13
3.818 )
R-5
Signal Control+
0.70
( 0.453,
10
86
Realignment of #jn
1.081 )
R-6
#jn Realignment
0.771
(0.492,
47
51
(mostly, adding lanes)
1.207 )
R-7
Roundabout
0.793
(0.354,
8
23
1.774 )
R-8
W-barrier on #sc wide
1.042
(0.756,
1
152
median
1.437 )
R-9
Upgrading #sc to dual0.76
(0.677,
17
1221
carriageway
0.853 )
R-10
Widening #sc
1.693
(1.312,
15
275
2.186 )
R-11
Resurfacing #sc without
1.07
(0.893,
26
516
paved shoulders
1.282 )
R-12
Resurfacing #sc with
1.41
(1.056,
19
208
paved shoulders
1.882 )
U-1
Median island on
0.625
(0.473,
3 (incl. 20
208
arterial #sc
0.826 )
junctions)
U-2
#sc major realignment
1.425
(1.157,
21
416
(more lanes, signal
1.755 )
control + realignment of
#jn)
U-3
#sc minor realignment
0.797
(0.613,
17
222
1.036 )
U-4
Pedestrian fence on #sc
1.204
(0.912,
9
209
1.591 )
U-4 cont. Pedestrian fence on #sc
0.973
(0.563,
9
50
(with pedestrians)
1.683 )
U-5
Road humps on #sc
0.603
(0.44,
94
129
0.828 )
U-6
Raised pavement
1.037
(0.902 ,
37
803
marking on #sc
1.193 )

Table 2. Treatment Types and Safety Effects Evaluated in Israeli Conditions (cont.)
Example Treatment type
Estimated
WME
Number of
Number of
No*
(specific target
effect
confidence treatment
accidents at
accidents**)
(WME)
interval
sites in the
the treatment
sample
sites
U-7
Road humps and Raised
0.718
(0.47,
41
71
markings on #sc
1.098 )
U-8
Pedestrian priority signs
0.857
(0.755,
23
1028
on #sc
0.972 )
U-8 cont. Pedestrian priority signs
1.228
(0.955,
23
253
on #sc (pedestrians)
1.58 )
U-9
Lighting improvement
0.816
(0.558,
66
54
on #sc (night)
1.193 )
U-10
Road #sc construction
1.88
(0.795,
10
21
4.448 )
U-11
Roundabout (evaluated
0.405
(0.194,
16
26
0.844 )
with reference group)
U-12
Roundabout (without
0.425
(0.271,
40
92
0.666 )
reference group)
U-13
Mini-roundabout
0.375
(0.154,
10
28
0.915 )
U-14
Traffic signals at #jn
0.792
(0.608,
28
270
(with reference group)
1.033 )
0.695
(0.575,
85
565
U-15
Traffic signals at #jn
0.84 )
(without reference group)
U-16
Pedestrian islands at
0.361
(0.189,
17
48
unsignalized #jn
0.688 )
U-16
Pedestrian islands at
0.941
(0.407,
17
10
cont.
unsignalized #jn (with
2.178 )
pedestrians)
U-17
Raised #jn
0.572
(0.214,
7
15
1.527 )
U-18
Traffic islands at
0.701
(0.241,
9
11
unsignalized #jn
2.045 )
U-19
Minor realignment of
0.878
(0.595,
12
111
signalized #jn (islands,
1.295 )
turns)
U-20
Stop sign at #jn
1.009
(0.807,
22
332
1.261 )
U-20
Stop sign at #jn (head0.935
(0.736,
22
290
cont.
side)
1.188 )
U-21
Pedestrian priority sign
1.009
(0.848,
80
533
at #jn
1.201 )
U-21
Pedestrian priority sign
0.862
(0.596,
80
83
cont.
at #jn (pedestrians)
1.247 )
#sc - section; #jn - junction
* ”R” indicates treatment types for rural, ”U” - for urban sites.
** If not indicated, all injury accidents present the target accident group for the treatment; the
exceptions are given in parentheses.

Table 3. Values of Safety Effects Applicable for Israeli Conditions
Type of site
Treatment type
Safety effect, % Group of values
rural #sc
Upgrading #sc to dual-carriageway
-24
I
rural #sc
Widening #sc
+69
II
rural #sc
Resurfacing #sc with paved shoulders
+41*
II
rural #sc
Pedestrian overpass
-59**
II
rural #jn
Lighting incl. realignment
-21
II
rural #jn
Introducing signal control incl. ligthing
-30
I
and realignment
rural #jn
Introducing signal control incl.
-30
II
realignment
rural #jn
Realignment (mostly, adding lanes)
-23
II
urban #sc
Median island on arterial
-37
I
urban #sc
Major realignment (more lanes, signal
+42
I
control + realignment of #jn)
urban #sc
Road construction
+88
II
urban #sc
Minor realignment
-20
II
urban #sc
Road humps
-40
I
urban #sc
Road humps and Raised markings
-28
II
urban #sc
Pedestrian priority signs
-14
II
urban #sc
Lighting improvement
-18***
II
urban #jn
Roundabout
-57
I
urban #jn
Mini-roundabout
-62
II
urban #jn
Traffic signals
-21
I
urban #jn
Pedestrian islands at unsignalized #jn
-64
II
*Also, includes 39% reduction in the share of severe (fatal+seriuos injury) accidents
**With regard to pedestrian accidents
*** With regard to night accidents
In other cases all injury accidents are concerned.
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Abstract
In Italy the recommended methodology of road classification (not in force yet) has been elaborated as a
procedure in which it is required to evaluate several aspects: the role of the road in the territory and in the road
network, the environmental context, the typology of traffic, air and noise pollution and road safety. To integrate
the methodology of road classification with the accident analysis, some safety indicators have been defined.
By the use of them, a new methodology of safety analysis has been elaborated by the University of Brescia.
For each road segment the accident rate is determined; it is calculated as a function of the total number of road
accidents, the extension in km of the considered road segment and the average daily traffic along that segment.
This indicator puts in relation the number of road accidents that have happened in the last 5 years with traffic.
In relation to the road functional classification, it is possible to calculate the average value of the accident rate
corresponding to all the road segments classified in the same road class. From this calculation a control value for
each road functional class is obtained.
This methodology can be useful to: evaluate the safety level of a road segment in relation to the control value of
the corresponding road functional class; determine the road segments where infrastructural interventions are
needed, giving priority to those segments where the values of the accident rate are greater; compare the obtained
accident rates between different regions and countries in relation to the corresponding functional road classes;
define, at a regional level, an accident “goal” rate for each road functional class.

1 - Introduction
As in many other European countries (Great Britain, France, Austria, Germany, etc.), in Italy
the functional road classification has been introduced in order to upgrade road safety and
improve the conditions of circulation and the environmental impact of traffic. Functional road
classification involves the definition of particular objectives and measures for certain roads or
areas in relation to their technical and functional aspects. To make that, a safety analysis is
necessary.
This paper presents an easy methodology which is suitable to integrate any process of
functional road classification. The accident analysis is carried out in relation to the functional
classification of the roads. Average rates for each functional class are used as a control value
to distinguish the sections in terms of safety.
This methodology has been experimentally implemented on the road network of Brescia,
(200,000 inhabitants), in Italy, with interesting results. The town of Brescia has been chosen
as a case study, because since 1991 road accidents have been monitored and mapped, putting
in evidence vulnerable road users. The university has realised a GIS (Geographical
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Information System) to automatically manage the municipal accident database and the
positioning process.

2 - Functional Classification of Roads in Italy
The Italian Highway Code (1993) classifies roads into six classes, according to their technical
and functional features (Table 1):
type a – “ Out-of-town motorway”, “Urban motorway ”;
type b – “ Major out-of-town roads ”;
type c – “ Secondary out-of-town roads ”;
type d – “ Urban expressways ”;
type e – “ Neighbourhood urban roads ”;
type f – “ Local out-of-town roads ”, “ Local town and city roads”.
Three intermediate functional classes have been introduced by the Ministry of Public Works1
(1995) to classify the existing urban road network: an intermediate class between type a and
type d; an intermediate class between type d and type e (“interneighbourhood urban roads”)
and another intermediate class between type e and type f.
The Highway Code obliges every Road Authority (at a national, regional, provincial and
municipal level) to classify the road network.
Various sections of the Highway Code make reference to function classification: in
establishing speed limits, in establishing specific road protection rules, with reference to the
observance bands, to access points and branch-offs and to advertising. The importance of
such classification within the Code itself is therefore evident.
This classification, an absolute novelty in Italy, tends to make the infra-structural
characteristics of the different types of roads making up the national road network more
uniform, pinpointing, where necessary, the nature of the updating measures to ensure the
circulation standard corresponding to the type of road. The Italian Highway Code has
introduced the functional road classification in order to upgrade road circulation safety,
reduce acoustic and atmospheric pollution, safeguard the health of people living in buildings
close to roads and respect the environment and historical-architectural heritage buildings.
Within this classification, road safety plays a crucial role inasmuch as "meeting a circulation
standard" implies the concept of safety which is nonetheless explicitly recalled in the
aforementioned exception.

1

MINISTRY OF PUBLIC WORKS, S.O. n° 77, the B.U. n° 146, 24/6/1995,Directive for the compilation,
adoption and implementation of traffic plans for towns and cities. Art. 36 of legislative decree 30 April 1992, no
285, New Highway Code”), Rome 24 June 1995 (“Direttive per la redazione, adozione ed attuazione dei piani
urbani del traffico. Art. 36 del D.L. 30 aprile 1992 n° 285, Nuovo codice della strada”).
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Table 1 - Italian Highway Code (1993), Article 2: Functional Classification of Roads.
Functional class
Type a – Out-of-town
motorway, Urban
motorway

Functional characteristics
Road that links up areas of −
national
or
regional
importance;
−
− high level of service;
− long distances;
− transit
function
(through −
traffic flows).
−

−
−
−

Type b – Major out-oftown road

−
−
−

Road that links up areas of −
national
or
regional
importance;
−
long distances;
transit
and
distribution −
function.
−
−

Type c – Secondary outof-town road

Type d - Urban
expressway

−
−
−
−
−
−

Road that links up areas of
provincial importance;
short-medium distances;
penetration function.
Road that deviates throughtraffic flows from the most
densely urbanised areas;
medium distances;
transit-distribution function.

−

−
−
−
−

Type e - Neighbourhood
urban road

−
−
−

Road that links up different −
urban areas or quarters;
short-medium distances;
−
penetration function.
−

Type f - Local out-oftown road, Local town
and city road

−
−
−

Road that links up areas of −
local importance;
short distances;
access
function:
direct −
accessibility
to
lateral
−
buildings and properties.

Geometric characteristics
Fenced road marked by beginning and end
signals and equipped by users assistance
facilities;
independent carriageways or separated by
an impassable traffic island;
at least two lanes for each direction and
emergency lane or paved roadside on the
right;
absence of intersections and private
access;
reserved to the circulation of only some
categories of motor vehicles;
parking areas separated from the
carriageways, with access and deceleration
lanes.
Independent carriageways or separated by
an impassable traffic island;
at least two lanes for each direction and
paved roadside on the right;
co-ordination of access lanes to side
properties and absence of level crossings;
reserved to the circulation of only some
categories of motor vehicles, for other
users, special lanes must be foreseen;
parking areas separated from the
carriageways, with access and deceleration
lanes.
Single carriageway with, at least, one lane
for each direction.

At least two lanes for each direction and
paved roadside on the right;
co-ordination access lanes to side
properties and absence of level crossings;
reserved to the circulation of only some
categories of motor vehicles, for other
users, special lanes must be foreseen;
parking areas separated from the
carriageways, with access and deceleration
lanes.
Single carriageway with, at least, one lane
for direction, paved roadside on the right
and side walks;
co-ordination of access lanes to side
properties;
parking areas localised in lateral areas with
special manoeuvring lane external to the
carriageway.
Urban or ex-urban road suitably arranged
for circulation, not belonging to the other
types of roads;
In urban areas, buses and heavy vehicles
not admitted;
parking in the carriageway.
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3 - Some Considerations on the Accident Rate Indicated by the C.N.R. Concerning the
Functional Classification of Roads
In Italy the National Council of Research (C.N.R.) is the institution devoted to elaborating the
national standards.
The C.N.R. has elaborated a procedure to classify the road network. It is described in the
Report “Criteria for the classification of the existing road network pursuant to art. 13, subsections 4 and 5 of the New Highway Code”2.
This procedure has been structured into different steps and it requires the evaluation of several
aspects:
− the role of the road in the road network and in the context of the transit area;
− the environmental context;
− the typology of traffic: the type of circulation (transit, distribution, penetration, access);
the amount of movement, meaning the distance covered on average by the vehicles; the
traffic components on the basis of the vehicle categories (light and heavy vehicles,
motorcycles, pedestrians, etc.);
− air pollution and noise nuisances;
− road safety;
− etc.
In the previously mentioned report of the C.N.R. study Commission the need is emphasised to
perform a survey on safety (during a previous period of not less than 5 years), starting with
the accident rate, in the event of it not being possible to classify an existing road3.
The C.N.R. furnishes a method for the quantitative survey of accidents and even defines an
accident rate indicator.
First of all, the itinerary must be established. This must be split into uniform sections.
Everything considered important for the survey varies by only a very slight extent. The
extension of these sections must be below about 1 km outside towns and cities and 100 metres
within towns and cities.
For each section i-th the accident rate is defined.
Accident rate:

Ti =

106 ⋅ N i
365 ⋅ li ⋅ å TGM i ,t
t

being:
Ni = total number of accidents occurring on the section i-th during the period of
observation;
li = extension in km of the section i-th;
TGMi,t = average daily traffic of year t (included in observation window) of section i.
It should be observed that, in the event of intense traffic intersections, these will be taken into
consideration separately by the survey; to calculate the accident rate the equation shown here
2

C.N.R. (National Research Council), Commission for the rules relating to road materials and planning, road
building and maintenance, "Criteria for the classification of the existing road network pursuant to art. 13, subsections 4 and 5 of the New Highway Code” (Criteri per la classificazione della rete delle strade esistenti ai
sensi dell’art. 13, comma 4e 5 del Nuovo codice della strada), Report, Rome, 27 February 1998.
3
It may be hard to classify the existing roads in relation to the little-articulated classification diagram indicated
by the Highway Code.
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remains valid. Nonetheless, the number of accidents must be related to the overall number of
vehicles Vi which have crossed the intersection during the entire period of observation.
The value of Vi can be calculated as follows:

Vi =

1
åå TGM (i , j )t
2 t j

being:
i=
intersection;
j=
arm;
t=
year.
The multiplication constant ½ takes into account the fact that the vehicles are counted that
have crossed the intersection, meaning half the total of those entering and of those exiting.
The value of the average accident rate over the entire itinerary is:
Tm =

10 6 ⋅ å N i
i

365 ⋅ åå li ⋅ TGM i , t
i

.

t

The accident rates are also established:
( Fi + Di ) ⋅ 10 8
Ii =
365 ⋅ l i ⋅ å TGM i ,t

on section i-th;

t

Im =

108 ⋅ å ( Fi + Di )
i

365 ⋅ åå li ⋅ TGM i , t
i

Being:
Fi =
Di =

average over entire itinerary.

t

number of injured as a result of accidents Ni;
number of killed as a result of accidents Ni.

and
M i = 365 ⋅ li ⋅ å TGM i , t
t

the moment of traffic at section i during the entire observation period.

4 - A New Methodology of Accident Analysis Related to Functional Road Classes
The idea is to determine a classification based on the comparison between the dangerousness
of the road segments being studied and that of the roads to which these belong.
The intent followed in this methodology, valid for town and city environments, tends to
compare the accident rates of sections, defined in a similar way to the proposals of the
C.N.R., with average rates referring to each of the functional classes of the roads of the
Municipality in question.
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The succession of operations to be followed is the following: first of all the road network to
be studied must be chosen. This is then divided into uniform sections similarly to the C.N.R.
proposal; reference is made to the functional classification of the roads. The average accident
rate is calculated relating to each functional class, considering a historical series of five years,
thus obtaining a reference value for each class. The accident rate is calculated of the uniform
sections belonging to the itinerary being studied, using the indicators proposed by the C.N.R.
The latter are compared with the reference values, evaluating the membership of each section
to the corresponding class. The sections are considered where the rates exceed the reference
value, classifying these as "medium - high accident prone" and taking action according to
their accident rate, which means priority will be given to those with the highest absolute
value. The possibility can also be considered of a survey of the seriousness of accidents, using
an identical procedure, considered the number of killed and injured. The accident indicators
could concern: the accidents, the number of people killed, the number of people injured and,
among the victims, special types (old people, children, etc.).

5 - Application and Results
The accident indicator described above was applied to the roads of the Municipality of
Brescia to determine its usefulness.
In particular, in this paper we are going to present three itineraries (two of which have a
number of road sections in common):
itinerary n° 1: via Turati, via Pusterla, via Lombroso, via Crocifissa di Rose, via Gualla, via
Tosoni, via Triumplina;
itinerary n° 2: via Fratelli Ugoni, via XX Settembre, via XXV Aprile, via Inganni;
itinerary n°3: viale Bornata, viale Venezia, via Turati, via Pusterla, via Lombroso, via
Crocifissadi Rosa, via Gualla, via Tosoni.
With regard to the functional classification taken as reference, the Brescia PUT (Urban
Traffic Plan) was referred to, adopted by the Brescia Municipality in 1998.
As a sample class, the functional "interneighbourhood road" class is chosen. The previously
mentioned three itineraries are mostly composed by "interneighbourhood roads".
The next step was to calculate the average accident rate, reference value for subsequent
classification for safety purposes.
The following procedure was followed:
1. all the municipal roads or portions of roads classified as "interneighbourhood roads" were
isolated;
2. the accidents were pinpointed occurring on the individual roads, covering the five year
period 1993 – 1997;
3. by means of a simulation program, the rush hour traffic data (in the morning, 7:30 – 8:30)
were obtained for each road (traffic detectors are permanently installed at every important
intersection of the town);
4. by evaluating the average daily traffic (TGM) of certain roads, coefficients were obtained
for converting the rush-hour traffic into average daily traffic;
5. the length in km was calculated of the roads and their fractions, classified as
"interneighbourhood roads";
6. finally, the average accident rate was calculated with the following expression:
Tnj =

10 6 ⋅ N j

365 ⋅ åå li , j ⋅ TGM i ,t , j
i

t

=

10 6 ⋅ N j

åM

i

i
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being:
Nj = total number of accidents occurring on roads belonging to considered class j;
li,j = length of road sections belonging to considered class j;
TGMi,t,j =
average daily traffic in year t relating to roads sections with length li,j;
Mi =
365 ⋅ å l i , j ⋅ TGM i ,t , j the “traffic moment” of the road section i-th.
t

In Figures 2 (itinerary n° 1), 3 (itinerary n° 2) and 4 (itinerary n° 3) the values of the accident
rate of each road segment are compared to the reference value Tnj (in Brescia, Tn interneigh. =
1,14).
It can be observed that a lot of roads belonging to the chosen itineraries are characterised by
accident rates much bigger than 1,14: this analysis puts in evidence that itineraries n° 1, 2 and
3 are dangerous in relation to the other municipal roads classified in the same functional class
("interneighbourhood roads").
It can be also observed that the roads classified as “neighbourhood urban roads” (see Figures
1 and 3) are characterised by very high accident rates, much bigger than the ones calculated
for the "interneighbourhood roads". In this case, the number of the accidents that have
happened in the "neighbourhood roads” is high in relation to the minor traffic flows.

Figure 1 – Accident map: Accidents Localisation by Year. Itinerary n° 2 (Via Fratelli
Ugoni, via XX Settembre) Split into Uniform Sections.
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Figure 2 – Itinerary n° 1: Accident Analysis.
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Figure 3 – Itinerary n° 2: Accident Analysis.
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Figure 4 – Itinerary n° 3: Accident Analysis.
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6 - Conclusions
As we have already said, an attempt was made to present a simple methodology centred on
analysing the road safety indicator.
It must be underlined that, within the proposal formulated here, the accident analysis is
carried out in relation to the functional classification of the roads. Average rates for each
functional class are used as control value to distinguish the sections in terms of safety.
It would be interesting to be able to compare different situations to be able to assess the
degree of dangerousness of certain urban areas compared to others, trying to explain the
reasons of an economic, commercial and social nature, etc., that produce different figures for
the same functional classes.
The same could be said for situations at regional level. Each region could pinpoint "goal"
rates to be achieved by the various Municipalities in a certain time window. Consequently,
different accident rates could be defined in relation to each functional road class. Residential
roads should therefore have a lower accident goal rate than those of another functional class.
The last consideration concerns pinpointing uniform sections. To really be considered as such,
these should not only have continuity of traffic conditions, but also be limited by restraints of
a town-planning nature. The presence of towns and cities play a rather important role with
respect to what occurs on the road.
The easy application aspect cannot but sacrifice various major aspects. Besides the townplanning aspect for instance, there is no differentiation as regards vehicles within the
indicators used. On the one hand, this is fundamental, on the other, it would create problems
of a practical nature, such as availability of data and a slow down in procedure, which would
thus become more onerous.
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“N = 1: Independent investigation into single accidents,
added value for road safety research”
1. Introduction
There are more than 200 countries in the world and roughly ten of them have an independent
safety board or transport safety board. These boards conduct investigations into (single)
accidents in the aviation, shipping, rail and road transport sectors and sometimes pipelines.
The investigators of a safety board never go looking for a perpetrator or guilty party. That is
most definitely the job of the police and the judiciary. At all times, the central focus is on the
causes or underlying causes of an accident or incident.
The Dutch Transport Safety Board was established in 1999 as a merger of several Boards: the
Railway Accident Board, the Aviation Safety Board, the Inland Water Accident Board en the
Road Safety Council. The Dutch Transport Safety Board has a statutory duty to investigate
and determine the causes or suspected causes of accidents and incidents (whether as
individual events or as categories) with the sole aim of preventing future accidents or
incidents. On the basis of the results of the investigations, recommendations are drafted which
focus on actors in the transport sector in question.
The safety boards do not have a scientific remit. Their aim is to eliminate safety problems
observed in actual transport practice. The boards are generally in the news when there are
major air accidents. At present, more countries are considering establishing safety boards of
this kind.
Not all of these boards will be involved in road traffic investigations. This means that the
situation in the Netherlands, in which in-depth and independent investigations are conducted
into road accidents, is quite unique. Indeed, in the Netherlands, there was virtually no
tradition upon which to build.
This paper will concentrate on two aspects of accident investigations as conducted by the
transport safety boards: depth and independence. The position defended here is as follows:
independent and in-depth investigations of single accidents as conducted by the transport
safety boards also generate added value in the case of road traffic.
2. What Is In-depth Investigation?
In most countries, road accidents are generally studied on the basis of statistical research
using national databases. Because of the large numbers of accidents per year, road traffic is
eminently suitable for statistical research. Accident numbers are much lower in the other
modalities.
Traditionally, the analysis of road accidents in virtually every country in the world is based
upon data collected by the police force, which is used to establish a national traffic accident
database. The national accident databases differ considerably in terms of size and detail. In
the Netherlands, records are kept of approximately 70 variables per accident, irrespective of

the severity of the repercussions of the accident. This approach will, for that matter, change in
the future. For the more severe accidents, more variables will be recorded than for the
accidents in which there is only damage to property.
However, information collected by the police is, in a number of respects, inevitably less
complete and representative than one might wish since it is collected for the purposes of
establishing guilt. The limitations of the data relate particularly to less severe personal injury
accidents in general and single personal injury accidents, in particular those involving
bicycles (Van Kampen, 1998). For the purposes of more in depth analysis, standard police
data is often not detailed enough. The police themselves generally lack the time to conduct a
further investigation at the site of an accident. It is only when there are very severe accidents
that information is collected. The main purpose of this information is to establish whether
legal proceedings are necessary. Existing accident data includes limited or no information
about:
- causes and circumstances;
- damage to vehicles and personal injury;
- collision speeds;
- the parts of the vehicle which caused injury;
- the forces exerted on the human body.
Because of the limited nature of the data contained in the accident databases, there is a need in
many countries for a more in-depth approach to information gathering.
In the Netherlands' neighbouring countries (in particular Germany, Great Britain, Sweden and
France), in-depth investigations, which focus on the consequences of collisions, are conducted
on a systematic basis. Here, it should be pointed out that this does not involve few accidents.
In the European context, discussions are taking place about an in-depth database, which will
include hundreds of accidents and contain information supplied by a range of research
institutes. The acquired know-how is amongst other things used to improve vehicle
construction in order to minimise injuries resulting from collisions. As far as is known, this
form of in-depth investigation in the ‘pre-crash’ field is confined to Finland and since recently
the Netherlands (Netherlands Organisation for Applied Scientific Research). It should be
pointed out that this is a different type of in-depth investigation than the investigations
conducted by the transport safety boards. The safety boards look much deeper into
backgrounds of an accident. I will return to this point later.
The SWOV (Netherlands Institute for Road Safety Research) has made an inventory of
literature on in-depth research covering road accidents. “The in-depth approach is an approach
in which sufficient data concerning road traffic accidents is collected so as to enable complete
reconstructions (Van Kampen, 1998). An ‘official’ definition comes from the OECD (1988):
“A detailed on-scene investigation and reconstruction of all phases of an accident that
includes pre-crash, crash and post-crash factors and human, vehicle and environmental
aspects of the accident. A multidisciplinary accident investigation uses investigators trained in
various disciplines that may include engineering, medicine, behavioural science, and law.”
The SWOV believes that a more flexible definition is preferable (Van Kampen, 1998). Many
investigations will wish to combine elements of statistical research and in-depth investigation
and will not deal with all elements included in the OECD definition.
The in-depth investigation of ‘ordinary’ traffic accidents cannot be compared to the in-depth
investigation of single accidents as conducted by the safety boards. On the Dutch roads there
are, for example, fog-related accidents with potential and actual disastrous consequences. An
investigation of this kind of disaster requires a much larger team of investigators than

standard in-depth investigations of traffic accidents. Investigations of single accidents of the
kind carried out by the safety boards can take six months or more. In the factual part of the
investigation all aspects of the accident are covered:
- on-site investigation;
- actions and decisions of those involved;
- nature of injuries and property damage;
- risks for the vicinity;
- fitness of those involved;
- circumstances, background and prevailing rules;
- containment measures.
Once the factual information has been obtained, an in-depth analysis of the available material
follows. During this process, experts from the relevant sector are called in. Analysis tools,
database research and document study are also used. The analysis tools help the investigators
to classify the available information. For road accidents in particular there are specific
techniques available for analysing road environments. Depending on the accident, the
investigator can use one or more investigation techniques. A few examples of analysis tools
are Tripod, Fault Tree Analysis and MORT. Tripod analysis identifies the underlying causes
of accidents or incidents and concentrates in that respect more on structural shortcomings in
the organisation or the system than it does on individuals. Underlying causes of this kind can
be the design, the layout or maintenance of a road or vehicle, whether or not in the light of
human involvement, traffic policy, traffic rules, training for road users etc. Generally, the
focus is on identifying manageable factors, in other words factors, which can be influenced by
the parties concerned, including government authorities.
On the road, this means that there is a relatively strong emphasis on infrastructure design. It is
assumed that the infrastructure creates conditions in which dangerous behaviour is possible or
which even encourage behaviour of that kind (Kruysse, 1993). These road-related conditions
constitute a factor which can be described clearly and which -- putting aside the question of
expense -- is manageable.
An example of the focus on conditions is the general priority rule on roundabouts, which
grants priority to traffic on the roundabout. When road users encounter a different situation,
they will not quickly notice that there is a difference. They will very probably act in the same
way on the unusual roundabout as they would on an ordinary roundabout, with all the possible
consequences. In the TRIPOD approach, this is considered to be an organisational and a
design error. Errors of this kind do not lead directly to accidents and they are therefore known
as latent causes of accidents.
In the social sciences, investigations have three possible objectives (Neuman, 2000). They
are:
- exploratory;
- descriptive;
- explanatory.
The in-depth investigation described above is, in effect, descriptive and exploratory in nature.
Theories are not appraised because single accidents are involved. The development and
verification of working hypotheses on the other hand is positively an option. The investigation
of a single accident aims to establish a factual accident sequence. The facts are being brought
into connection and can become factors that have influenced the accident. General or secondorder hypotheses, however, can be formulated which may be tested in larger studies of
elements or causal links. What is at issue here is not scientific research but practical
investigations with the aim of establishing feasible solutions.

3. Why In-Depth Investigation And What Are The Benefits?
In the world of (social) science, it is generally assumed that for explanatory purposes an
adequate number of cases is required as a basis for reliable conclusions about correlations in a
population. A representative picture can only be established of the problem to be analysed if
information is acquired about enough accidents.
With an in-depth study of a single accident or of a small number of accidents for explorative
or descriptive purposes that is totally unnecessary. This kind of investigation can encounter
specific or unique circumstances occurring only with a particular accident. Only when the
investigator isn’t aware of these limitations, the results can be suboptimal.
For example, in the case of an accident in which a vehicle skids, an investigation of that
accident may show that there was a problem with the maintenance work on that particular
stretch of road. A recommendation to carry out more maintenance work is, in itself, not
particularly useful. The question is what the problem was with the maintenance work. Is this
stretch of road unique or is the same situation to be found in more locations? The factual part
of the in-depth investigation of an accident therefore generates –in addition to working
hypotheses- general or second order hypotheses, which can be tested in a further background
study with a broader scope. So the investigation has to look into causal chains that aren’t
unique. It is only when answers have been found to these ‘first order’ questions of the
investigation that sound recommendations can be made.
Another objection which has been made to in-depth investigations is that investigations of this
kind do not link up to prevailing safety strategies for road traffic (Koornstra, 1991). Road
traffic has, after all, not been designed on a ‘fail safe’ basis. Rather, it has evolved gradually.
There is no safety management system for road traffic. Safety management is secondary to
numerous objectives formulated by a range of stakeholders, often with conflicting points of
view (Stoop, 1998). In-depth investigations will therefore soon run up against the realisation
that road transport is not organised along inherently safe lines. In this perspective, in-depth
investigations in other transport modalities are primarily used to fine-tune the inherently safe
system and they generate added value precisely for that purpose.
This vision is untenable. The aviation and maritime sectors are far from being designed fail
safe and yet they do have a flourishing tradition in investigation into single accidents. An
inherently safe road transport system would be a system, which excludes encounters between
road users travelling at widely differing speeds and/or in different directions at high speeds.
Of course, a road network built consistently along those lines would be a step in the right
direction.
In-depth investigation into single accidents has positively added value, if this investigation
doesn’t aim for statistical correlations between facts but for system characteristics and their
causal relationship. Against the above background, further safety improvements are certainly
feasible. Even when in the road traffic system differences in speed and direction are excluded,
accidents remain possible, and one-sided accidents can in any case not be prevented by those
measures.
In addition, it is not realistic to suppose that, given the current situation, a road transport
system, which is entirely and inherently safe, is feasible. In-depth investigations into single
accidents can generate alternative solutions, which will allow for improvements in road traffic
safety.

4. What Are Independent Investigations?
Independence is generally described as the exclusion of special interests. In the Netherlands,
this means the following for the Transport Safety Board.
The board is an independent administrative body with its own legal identity. The board
conducts investigations on its own initiative and draws up its own working programme, taking
international commitments into account. The board may also, in the future, be asked by
government bodies to investigate particular cases. If the board then decides not to investigate
a particular case, the board will state its reasons for not granting the request. The board is free
to decide which investigation method to adopt and how to implement the investigation
protocol. Furthermore, the board is also free to decide about calling in expertise and
investigators. Nor are there any restraints upon decisions about the scope and depth of the
investigation, barring international commitments. For the purposes of the investigation, the
board has at its disposal powers, which allow it to obtain information.
The board is free to decide how to formulate the results of its investigations, its conclusions
and its recommendations. The board itself publishes the final reports. Finally, there is an
annual budget, which is determined in advance.
A restriction in the task of the Board concerns the nature of the recommendations. It is
explicitly not within the powers of the Board to give policy advises. The recommendations
made should be based on accidents and incidents.
The term 'independent investigation' here is used to distinguish between these investigations
and investigations by parties involved and by the Public Prosecutions Department. Public
administrative bodies and the Public Prosecutions Department generally have a responsibility
for conducting investigations into accidents and disasters. In the Netherlands, various
inspectorates are responsible for monitoring compliance with rules and investigating
accidents. For example, in the case of fire or accidents at work, the inspectorate concerned
checks whether the rules have been broken. When there is a disaster in a particular
municipality, that municipality is responsible for the evaluation of that disaster.
5. Why Independent Investigation And What Are The Benefits?
In the Netherlands in 1992, there was a widely publicised and very serious air accident: the El
Al Boeing 747 crash in Amsterdam. Shortly after takeoff, this cargo plane actually lost two
engines and turned back towards Schiphol airport. During the flight towards Schiphol the
aircraft crashed in a residential area of the capital, Amsterdam. The Dutch Aviation Safety
Board conducted the investigation of this accident, with an important role for the Inspection
Directorate of the Dutch Department of Civil Aviation. This investigation was conducted in
agreement with the international agreements on investigations of aviation accidents (ICAO
Annex 13) and was therefore mainly concerned with the causes of the accident. It left
unanswered many questions not related to the technical matters of the accident but related to
the way the Government dealt with the disaster, the disaster management and the provision of
information. These questions were being asked by society at large, because a perceived lack
of transparency of the government. That is why in 1999 a parliamentary inquiry was
conducted into this accident. The inquiry saw the introduction of a new expression which
translated from Dutch says: ‘keeping things under the cap’.This means that not all information
emerges, sometimes because those involved have an interest in preventing the truth from
coming out.
During a number of other investigations conducted into calamities, it has also emerged that
people do not trust the responsible government authorities. In some cases, to ensure the
“independence” of an investigation, the government appointed special committees chaired by
independent persons, such as judges. But the committees themselves were usually made up of
government inspectors, or people working for them. After all, they had the expertise that was

needed. And the public usually accepted this procedure, because government and safety were
regarded as two sides of the same coin. What is more, it was often the only way of carrying
out an investigation, apart from calling in a private agency or university. It was not until much
later that the public began to question the significance or worth of these investigations.
Increasingly, people began to realise that government inspectors were not independent. After
all, they were closely involved in drafting regulations, and monitoring compliance. They
were, in fact, both judge and jury (Van Vollenhoven, 2001).
Investigations that are conducted by government bodies, which are also responsible for safety
policy, its implementation and for monitoring compliance, have appearances against them in
terms of independence and reliability. Reports from the responsible bodies do not generally
have the intended effect on the public, even if they are entirely truthful. Independent
investigations can restore the confidence of the public in the functioning of (elements of) the
transport system and in the guarantees for safety.
The call for independent investigations of accidents (particularly large-scale accidents) has
become ever louder in the Netherlands. This type of investigation provides better safeguards
for bringing out the truth. The party conducting the investigation has no interest in concealing
information.
6. Independent Road Traffic Investigations?
Does the general argument in favour of independent investigations also apply to road traffic?
Accidents on the road are seldom as catastrophic as a plane crash like the Tenerife accident in
1977, where a KLM Boeing collided with a PanAm Boeing. The largest Dutch accidents in
recent history took place in fog on motorways. Although some dozens of vehicles were
involved, the number of deaths was, in the most recent case in the Netherlands, ‘only’ four.
The number of casualties was considerable: 49. In international terms, there have been various
disasters on the road in recent years: for example the Tauern Tunnel and the Mont Blanc
Tunnel in Austria. The most severe accident on the road, however, involved fewer deaths
(215, a LPG tank in Los Alfagues) than the most severe air accident (583, Tenerife) and the
most severe maritime accident (between 3000-4000 deaths, a Phillipine ferry colliding with an
oil tanker).
The few occasions of large road disasters are in sharp contrast with the annual numbers of
road victims. In recent years, there were approximately 1100 deaths a year on Dutch roads. In
Europe as a whole, there are more than 40,000 deaths annually! Even in a well-defined
category, such as accidents in which lorries turn right and fail to see cyclists, there are still
some dozens of victims annually, even in a small country like the Netherlands. This is the
same number of casualties as in the disaster with the Hercules military aeroplane in
Eindhoven, the Netherlands, in 1996. During this disaster- as it was called- the emergency
services did not know that there were passengers in the cargo hold. These people died in a
fire, which started after a hard landing, caused by a so called birdstrike. However, the
'Hercules disaster' received much more extensive coverage from the Dutch media than road
accidents ever would. In response to this accident, a range of investigations took place and the
final word has still not been said. In a recent disaster involving a fireworks factory in the
Netherlands, there were 22 deaths. The fireworks disaster dominated the front pages for
weeks and resulted in a 1100-page report from a heavyweight committee of inquiry. However,
just as many people die on the roads in the Netherlands every week and nobody blinks an eye.
In the Netherlands – as in the USA - it has been decided to subject road accidents to
independent investigation as well. This was, however, not a straightforward process. The
Minister of Transport at the time was initially opposed to independent investigation because

she believed that there was enough investigation and that the investigations, which took place,
were also independent enough. Another argument used in opposition was the poor costeffectiveness of independent in-depth investigations. Because the consequences of road
accidents are generally not as severe as in other transport modalities, the costs per accident are
relatively high. This area was being dealt with during the discussion of in-depth
investigations. An important reason why the minister ultimately added road transport to the
remit of the Dutch Transport Safety Board was the large number of accidents, which occur
annually on Dutch roads.
Is independent investigation also important for road traffic? Is it, for example, the case that
particular interests constitute an obstacle to establishing the truth? In the aviation sector, for
example, there are large commercial organisations with major economic interests, some of
which operate internationally. At present, the police as part of their judicial responsibility
conduct the factual investigation of road accidents. Research into traffic safety is conducted
by consultancies appointed by government authorities and by some institutions related to the
Ministry of Transport. In this situation, what are the concrete dangers of conducting accident
investigations on a non-independent basis? Is it possible that the institutions referred to – with
the exception of the police – will not establish the truth because they do not operate
independently? Given the above, these questions are not relevant since these bodies have
appearances against them. Should there be any controversy about the findings of an
investigation, the institution or authority involved will soon be suspected of covering up
information.
In the case of small-scale accidents, any controversy of this kind about findings will seldom
result in public concern. Public concern would not appear to be related to the actual risk
presented by a transport modality. The risk of an accident is higher on the roads than in other
transport modes. Situations in which people are unable to control the risks and in which fatal
accidents generally involve several deaths are apparently taken more seriously, even though
the total number of isolated traffic deaths on the roads is much higher. Clear examples of this
can also be found in road accidents involving several deaths, such as the pile-ups in fog near
Breda and Badhoevedorp in the Netherlands. There is an example of a situation in which it
was only possible to take action after seven deaths resulted from a single accident, although in
the decades preceding that accident there had also been a total of seven deaths without any
action being taken. The agreement of the municipality was required, as well as authorisation
to chop down 35 trees, and this had proved impossible previously (Koornstra, 1991). Because
road hazards are underestimated and the ability of traffic participants to control risks is
overestimated, the pressure from society as a whole to carry out independent investigations in
this sector is low. This means that there is also little political will to introduce independent
investigations for road traffic.
However, there are examples of safety information being concealed where road traffic is
concerned because of an economic or other interest. For example, it is not easy in the
Netherlands to establish which brand and type of car is most involved in accidents.
Furthermore, accidents with trams in large cities in the Netherlands have, until now, been
investigated only by the police and by the companies responsible for the exploitation of the
trams. One of the predecessors of the Dutch Transport Safety Board, the Railway Accident
Board, had no powers relating to trams. The transport companies are passively resisting the
involvement of the Transport Safety Board. There is concern about the criminal and civil law
consequences of the results of the investigations. Another example is the intense political
discussion going on in the Netherlands about road pricing as a way of tackling the worsening

problem of traffic congestion. Research that shows adverse safety consequences is therefore
not very welcome in the political debate.
Furthermore the ministry of Transport was against the combination of investigation into
single accidents and policy advise in one Board. One of the predecessors of the Dutch
Transport Safety Board, the Road Safety Council, had tried to incorporate investigation into
single accidents in his policy-advising task. The ministry did not accept this.
The conclusion is that independent road traffic investigations are particularly important when
there are interests, which conflict with safety considerations. Generally, there will be no
question of information being concealed. Nevertheless, the watchdog function and / or the
function as an early warning system of an independent transport safety board is indispensable
in ensuring the transparency of society and government. However, the public only asks for
independent investigations when there are very severe accidents.
The question can be turned on its head. Why should independent accident investigation be
confined to the aviation sector when the principle applies to all sectors?
7. Independent And In-Depth Road Traffic Investigations: What Have Been The Benefits
So Far In The Netherlands?
Since 1 July 1999, the Dutch Transport Safety Board has also conducted road traffic
investigations of the most severe accidents. During that time, there have been various
accidents resulting in at least five deaths, or several casualties, in the professional passenger
transport sector. Recently, there have also been a number of accidents involving the
transportation of hazardous substances. At present, – with limited capacity – three
investigations have been completed and five investigations are still in progress. I will now
turn to a number of lessons, which can be drawn from these investigations.
There are, in the Netherlands, extensive and sound guidelines for road design, which take into
account the importance of traffic safety. Nevertheless, the investigation of three accidents
showed that those guidelines had not been observed strictly. The guidelines are not
compulsory so road maintenance authorities do not have to implement them. The noncompulsory nature of the guidelines is also seen as a demonstration of the fact that road traffic
is not designed on a ‘fail safe’ basis (Koornstra, 1991). Because these guidelines are based on
research and because they do actually play a role in road design, it is not possible to say that
the importance of road safety is neglected during the design stage. Nevertheless, it is the case
that many traffic situations have arisen over time and therefore it is not always simple to make
drastic alterations in road design. In-depth investigations can show which factors constitute
obstacles to the construction of an inherently safe road.
Another example is the investigation of a very severe accident with five deaths and one injury
on a road with two lanes in opposing directions, a secondary road. There are a lot of these
roads in the Netherlands. The maximum speed limit is, in general, eighty kilometres an hour,
and in some cases 100 kilometres an hour. These are high speeds given the fact that there is
little space alongside the road and between the two lanes of opposing traffic. In the accident
under investigation, there was a frontal collision involving two cars. Prior to this collision, the
offside wheels of one of the cars had gone into the unpaved verge of the road. In an attempt to
get back onto the paved part of the road, the driver pulled hard on the wheel. However, this
resulted in the vehicle moving abruptly to the left and into the other lane, with all the
unfortunate consequences. A closer examination of accident statistics shows that this type of
accident is quite frequent. One of the possible causes is the tendency of drivers to persist in
their original intention, namely driving along the paved part of the road. Furthermore, it is

possible that people overestimate their own abilities and that they therefore believe that it is
easy to get back on to the paved part of the road at high speed. People do not appear to be
aware of the possibility of slowing down while remaining in the verge before moving back
onto the paved part of the road when they are moving slower. Furthermore, there was a
circumstance in this case, which may have incited the driving error. This was a section of road
which links two motorways and on which it was possible to continue driving with no
interruption. It is possible that road users may therefore have persisted in driving as if they
were on a motorway, with all the associated risks. The deaths, which had occurred in recent
years, had not resulted in adequate measures being taken. The decision-making process
relating to this road, which has a reputation as a death trap, had been in progress for many
years. In-depth investigations therefore generate hypotheses, which can be tested in more
wide-ranging research.
An example of a different kind is research into accidents in which vehicles drive into stretches
of water and the passengers drown. Both in the sixties and the eighties, research was
conducted into these accidents, with one of the conclusions being that information for drivers
was important. Of course, a conclusion of this kind must be based on a certain amount of indepth research. Information from traffic accident records about this subject is confined to
numbers of accidents annually, number of people in the vehicles, weather, day and time etc.
In response to two recent severe accidents, it has been decided to conduct in-depth
investigations of both accidents in order to generate new information. In these accidents, the
passengers were still alive when their vehicle entered the water. Not only did the passengers
themselves attempt to escape, emergency services also tried to enter the vehicle. However,
this proved impossible. As a result, it has been supposed that there may have been a problem
with the automatic locking system. Some modern vehicles have a feature, which makes it
more difficult to steal a vehicle. When submerged, this system may short circuit, activating
the feature and blocking the doors. Technical tests have now demonstrated that it is possible
to induce this phenomenon. This means that, if it is thought desirable to eliminate this
phenomenon, the system must be protected against water. Of course, when considering this
issue, a role is played by the fact that the Netherlands, by contrast with many other countries,
is a country with a lot of water. It should be pointed out that this in-depth investigation
focused not only on vehicle technology but also on human factors.
Road traffic can learn a lot from in-depth investigations in other transport sectors. Particularly
in the identification of underlying obstacles to improvements in traffic safety, a lot of progress
can be made. For example, in the case of accidents on road/railway intersections, where road
traffic and rail traffic ‘meet’. A lot of research had already been conducted into accidents in
that area, with a lot of emphasis being placed upon the design of the infrastructure, the
visibility of lights and the behaviour of traffic participants on the crossing. At present, the
Dutch Transport Safety Board is examining the administrative, legal and financial aspects of
level crossing safety. The hypothesis so far is that it is not clear who is responsible for safety.
This means that nobody actually feels that it is their duty to deal with the issue of safety on
level crossings. The result is that some attention is paid to safety on level crossings but that
this attention is not adequate to eliminate the dangers.
8. Conclusion
On the road also, in-depth and independent investigations of single accidents as conducted by
the Transport Safety Boards generate added value. In this paper, a distinction has been made
between the two characteristics 'independent' and 'in-depth'. It has been shown that, in any
case, independence is especially of importance when very severe accidents are involved

which generate public concern and when there is the possibility of interests which conflict
with safety considerations. Furthermore, the watchdog function of safety boards is also
important in terms of the transparency of society as a whole. The in-depth nature of
independent investigations into single accidents means that, by contrast with statistical
research, interesting insights can be generated into how accidents are caused.
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1. Introduction
One of the most critical social problems of Russia is a high percentage of road accidents and a great
number of casualties.
In 2000 in road accidents on Russian roads 29594 persons were killed and 179401 persons were
injured. The situation remains very grave in spite of some decrease in the number of casualties
during last years (Fig. 1). The minimum number of casualties was registered in 1986. There is some
growth of the number of extremely heavy accidents (5 and more killed or 10 and more injured in
one accident).
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Fig. 1 Change in the Number of Road Accidents in Russia from 1985 till 2000

In 1993 in order to stabilise the number of casualties and subsequently decrease it “The Concept of
the Programme for Ensuring Traffic Safety on Roads of Russia” was developed. In 1996 the Federal
Programme “Ensuring Traffic Safety on Roads of Russia” was approved by the Russian
Government for 1996-1998. The 1st three year phase of the Programme includes the most vital
measures to curb the risk level and gravity of road accidents.
Currently Russian specialists with the participation of the Road Transport Research Institute
(NIIAT) of the Transport Ministry of the Russian Federation are developing the Concept and
Programme to ensure road traffic safety in Russia up to the year 2010.
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2. Present situation with the road accidents
According to the statistics the population of Russia is 148,3 million. Traffic safety is a very serious
problem in the country. Since the end of World War II the amount and density of traffic have been
growing faster than the road network development. Thus, during the last twenty years the overall
number of vehicles has increased about five times (especially over the last three years) with
considerable growth of cargo and passenger transportation, while the length of hard surfaced roads,
operational all year around, has increased only two times. The number of all type vehicles presently
registered in the country is 31,6 million. Among them more than 70 percent are private. At present
some roads are carrying traffic 1.3 to 3.0 times higher than their capacity, average speeds has gone
down to 35-40 kmph, and the number of accidents is rapidly increasing. There are more than 450
road accidents happening every day, in which more than 80 persons are killed and more than 500
persons are injured. About 60 percent of casualties involve persons at the age of 16 to 40. The most
tragic cases are the road accidents involving children at the age of 7 to 14. Annually more than 3000
children become handicapped as a result. In 2000 in road accidents 21390 children (at the age of up
to 16 years) were injured, 1521 were killed.
In Russia the number of road casualties per year considering the number of vehicles and length of
transportation is 5-10 times higher than in the countries of Europe. The accidents cause damage for
more than one billion American dollars per year.
More than 70 percent of all road accidents take place in cities and urban areas. But severity of road
accidents is 2 times higher in countryside. The higher level of gravity of accidents with more than
20 people dead per each 100 casualties- was registered on main federal highways.
To give an overview of the accident situation in Russia, simple analysis of the accident statistics in
terms of WHO is involved, WHERE accident occurred, WHEN accident occurred are presented
below.
Road users injured:
- more than 30 percent killed are drivers;
- in total 37.6 percent of all casualties are among the age group 27-41, about 8 percent of
casualties fall on the age group of 7-16 years old.
Vehicles involved:
- 63 percent of the vehicles involved are private cars, 11 percent - buses;
- in 39 percent of all accidents vehicles hit pedestrians.
Road and Environment:
- 73 percent of all the accidents occurred in urban areas;
- about 47.4 percent were killed in rural areas;
- 53 percent of the accidents, 54.3 per cent of the deaths, 54.2 per cent of the injuries
occurred in June-October period.
The gravity of accidents (the number of deaths per 100 injuries) are presented below:
- over the last four years the gravity has increased and has achieved the level of 14.2;
- in rural areas the accidents happen twice as often as in urban areas;
- drunk drivers caused 16% of grave accidents.
According to the data of the Traffic Police the major accident causes are:
- breach of Traffic Rules by the drivers and pedestrians 78.5 and 23.9 percent, respectively;
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- unsatisfactory road conditions - 10.9 per cent;
- faulty vehicles 28.1 percent.
Drunken driving, overspeeding, driving onto the opposite lane account for 22.1; 18.9; 15.9 per cent
of all driver caused accidents, respectively.
The pedestrian-related accidents are caused mostly by:
- crossing the roadways in the wrong places - 31.5 percent;
- sudden appearance on the roadway - 31.5 percent;
- state of intoxication - 17.9 percent.
Unsatisfactory road conditions, in their turn, split into:
- slippery pavement - 70 percent;
- irregularities on the road surface - from 5 to 8 percent;
- dirty, uneven and non-stabilised soil shoulders - about 6 percent.
A new form of a police traffic accident report has been implemented with detailed account road
conditions and accident-related circumstances.
Among the main reasons of big number of accidents as follows:
- economic destabilisation in the country;
- low level of administrative work;
- low level of financial support for road and road traffic issues;
- communication problems on the roads;
- local programmes without proper financial support.

3. The main ways to solve the road safety problem
Taking into account the situation with road traffic safety in the country the complex programme will
have to be developed to address the following issues:
- creation of fundamental standards and legal base (approval by the President of the Traffic
Safety Law, amendment of Road Traffic Rules, development of the Rules of Transportation of
Dangerous and Large Size Cargos);
- creation of technical standards for cars and roads in line with the international standards
(EEC UN);
- creation of road traffic database (development of new system of road accident recording
and new system of data processing);
- improvement of the system for raising awareness of road traffic safety issues(using Radio,
TV and Press);
- improvement of driver training system;
- increasing active and passive safety of passenger cars, trucks and buses;
- improvement of road conditions;
- improvement of the system of traffic engineering and management;
- improvement of the medical service system on the roads.
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4. Federal Programme “Ensuring Traffic Safety on Roads of Russia” 1996-1998
For the first time in the history of Russia the Federal Programme “Ensuring Traffic Safety on Roads
of Russia” with financial support was approved by the Government on the 7th of June 1996. This
Programme was developed with regard to the Concept adopted by the Government in 1993.
The main aim of the Programme was to protect the life and health of the country population and to
decrease the number of casualties by 10-20 percent in comparison with 1991. It means that the lives
of 3.2-6.5 thousand people will be saved on the roads of Russia.
The Programme includes four basic pilot projects with the following priority:
- Project 1 “Organisation of Public Support of the Measures for Ensuring Road Traffic
Safety”.
- Project 2 “Detection and Elimination of Black Spots. Improvement of Speed and Driver
Behaviour Control at the Black Spots”.
- Project 3 “ Establishing the Information and Communication System for Rapid Detection
of Accidents”.
- Project 4 “Improvement of the System of Urgent Safe and Evacuation of the People
Involved in Road Accident”.
Regions of Russia can participate in the Programme in two ways:
- participation in practical realisation of the pilot projects above;
- development of local regional programmes for ensuring traffic safety on the roads of the
region.
The funding for the Programme will be split as follows: 3.2 percent - Federal Budget; 8.2 percent Federal Road Fund; 80.4 percent - Regional Road Funds; 6.4 percent - Local Budgets; 1.8 percent Insurance Companies.
Joint Russian-Finnish practical conferences on traffic safety held in Finland and Russia made a
useful contribution in the development of the Concept and the Federal Programme. The Ministry of
Transport and Communications of Finland helped to organise three very effective workshops on the
issue - two in Finland and one in Russia.
Russian specialists highly estimated the publication in Russian of the “Green Book”- “Road Traffic
Safety Handbook” by Nordic Council of Ministers and Transport Economy Research Institute of
Oslo. This publication is very useful for practical work in Programme implementation. The
publication was distributed among road and traffic police administrations, research centres and
universities of all regions of Russia. Presently the Second Russian edition of the Handbook for
specialists has come out of print.
5. The Federal Programme Implementation in 1996-1998
The most important steps which were made are the approval of the Road Traffic Safety Law by the
President of the Russian Federation, Mr. Boris Yeltsin, and establishment of the Governmental
Commission on Road Traffic Safety chaired by the First Deputy Prime Minister of the Russian
Federation.
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Traffic Rules have been amended with correction of the sections related to speed control, the
Concept of Development of Road Traffic Safety Inspection (Traffic Police) was approved by the
Ministry of Internal Affairs of the Russian Federation.
The implementation of the Federal Programme during 1996-1998 years saved the lives of 15292
people, including 1987 children. Tables 1 and 2 show the dynamics of change of road accidents
during the implementation of the Programme from 1996 till 1998. One may see that the number of
accidents connected with the breach of the Traffic Rules by the drivers decreased sharply and the
number of casualties decreased as well. For example, the number of accidents caused by the drivers
went down to 4,8%, and the number of casualties in these accidents decreased to 10,4%.
Table 1. Dynamics of Road Accidents During the Federal Programme Implementation in 1996-1998

Number of
accidents
Killed
Injured
Accidents with
Total
children
accidents
Killed
Injured
Accidents caused by Total
the breach of traffic accidents
rules by drivers
Killed
Injured
Total numbers

1995

1996

+/- %
96 to 95

1997

+/- %
97 to 95

1998

+/- %
98 to 95

1999

+/- %
99 to 95

167280

160523

-4.04

156515

-6.44

160300

-4.17

159823

-4.46

32791
183926

29468
178378

-10.13
-3.02

27665
177924

-15.63
-3.26

29021
183846

-11.50
-0.04

29718
182123

-9.37
-0.98

25359

24767

-2.33

23574

-7.04

23065

-9.05

22161

-12.61

2262
24804

2008
24392

-11.23
-1.66

1748
23364

-22.72
-5.81

1697
22985

-24.98
-7.33

1608
22024

-28.91
-11.21

125386

120697

-3.74

117437

-6.34

120829

-3.63

119409

-4.77

26807
146685

24082
142748

-10.17
-2.68

22599
142530

-15.70
-2.83

23875
148192

-10.94
+1.03

24026
145909

-10.37
-0.53

Table 2. The Number of Saved Human Lives During the Federal Programme Implementation in
1996-1998
Years

Number of people

1996
1997
3323
5126
Including children
258
512

1998
3770

1999
3073

Total
15292

565

654

1989

During the implementation of Project I of the Federal Programme “Organisation of Public Support
of the Measures for Ensuring Road Traffic Safety” new projects on TV and Radio were started and
new curricula on Traffic Rules for secondary schools and driver schools were developed. Special
methodological manuals for training children in the kindergarten and pupils of the secondary
schools on safe on the roads and Recommendations for drivers on safe driving have been developed,
published and sent to the regions of the Russian Federation. Special computer software “Traffic
Rules Training” for 7-9 year old children and “Road ABC” for 5-4 year old were published.
Implementation of Project 2 of the Federal Programme “Detection and Elimination of Black Spots.
Improvement of Speed Control and Driver Behaviour Control at the Black Spots” was started after
the approval by the Government the Federal Programme “Roads of Russia”, which has the status of
the Presidential Programme. More than 600 black spots were eliminated out of 1000 spots found.
Moreover under the Road Rehabilitation Programme of the World Bank for Russia work has been
done on strengthening the road shoulders, widening carriageways, increasing sight distance, bridge
repair etc.
To decrease the gravity of accidents and give emergency medical aid on the spot special equipment
has been developed: new communication system in CB-wave range (27 megahertz) is now used,
ambulance cars are equipped with special antishock suite “Kashtan” (“Chestnut”). New first-aid kit
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for the vehicles was designed and is now produced. This kit gives opportunity to provide first-aid
before the emergency medical team arrives, especially in case of injuries. To provide emergency
first-aid on time special hospitals have been assigned to all sections of the federal road network.
Presently the Concept of the Medical Support of Road Traffic Safety Programme is being
developed. special portable device “Alcometer” to measure the level of alcohol in the blood has
been tested. All the above measures were planned in Projects 3 and 4 of the Federal Programme
1996-1998 years. The Federal Programme 1996-1998 was extended till 2002 by the Government.
Russian Government paid much attention to the implementation of the solutions of the Inner
Transport Committee of the UN European Economic Commission on the conduct of the Third
International Road Traffic Safety Week “Partnership on the Roads Increases Road Traffic Safety”.
All regions of Russia took part in the event. In June 2000 the final competition of the young
bicyclists “Safe Wheel” was organised with the participation of children from Switzerland. and
Belarus.
6. The Concept and the Programme for Ensuring Road Traffic Safety in Russia for the Period
up to 2010
Upon request of the Ministry of Transport of the Russian Federation new Concept for Ensuring
Road Traffic Safety in Russia for the period up to 2010 was elaborated. On the basis of this Concept
the Second Federal Programme for Ensuring Road Traffic Safety in Russia, 2000-2003 was
developed by NIIAT jointly with the State Technical University-MADI, Road Research InstituteRosdorNII, Scientific Centre of the Road Traffic Safety Inspection, Research Institute for Road
Traffic Safety, Motor Design Institute-NAMI etc
According to the new Concept improvement of the State System for Management and Control of
Road Traffic Safety in the country is the main task. The improvement of the system for training the
drivers is the second priority of the Second Federal Programme. The next priority of the Programme
is improvement of work with children.
Special part of the Programme is devoted to the traffic problems in large cities and urban areas. On
federal road the Programme provides for the construction of interchanges, by-passes of urban areas,
construction of the medians on motorways, lighting of motorways and intersections, widening of
bridges, equipment of the railway crossings etc. Special work provide for ensuring active and
passive safety of the vehicles assembled by the Russian Car Plants.
Presently the Second Federal Programme is under consideration by the authorised state institutions .
7. Conclusion
In order to ensure sustainable road traffic safety improvement the following six groups of measures
should be provided:
− improvement of management system for road traffic safety and co-ordination of work;
− education and training on safe behaviour of drivers and pedestrians;
− providing active and passive safety of cars;
− education of participants of road traffic on first-aid measures on the spot;
− providing the complex of measures for environment preservation during road construction.
Efficiency of this work depends to a great extent on the international co-operation, exchange of
ideas between specialists of different countries etc. This Conference is a good example of such cooperation.
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Abstract
The standard of Austrian traffic safety could be much higher than it currently is. This becomes
particularly obvious if we compare Austrian traffic safety indicators with those of other
countries. No matter which indicator is taken into account, the Austrian road accident rate is at
least twice as high as in the countries leading in road safety. It is true that the annual number
of people killed on Austrian roads has been decreasing in tendency since the early 70ies,
however, this decrease should take place at a much quicker pace.
On January 17, 2001 a conference entitled "National Traffic Safety Programme 2001" took
place in Vienna. It was initiated by our institute and organised in co-operation with an
Austrian daily. National and international road safety experts, the Austrian Minister of
Transport and the Austrian Minister of the Interior were among those 200 people who
attended the event. The main goal of the conference was to make both political decisionmakers and experts on road safety realise that a comprehensive national traffic safety
programme does not exist in Austria.
By considering
- Austrian trends as derived from certain traffic safety indicators,
- the current traffic safety standard in Austria as compared to other countries,
- the main reasons for accidents and
- the social costs of accidents involving personal injury,
a proposal for a national traffic safety programme fitting Swedish standards is elaborated. The
main requirements for such a programme are highlighted, as for instance the co-ordination and
evaluation of the programme, as well as the matter of funding. Furthermore, different sets of
safety measures to be included in the programme are discussed. At the end of the day, a
proposal is forwarded on how to design a national safety programme which could and should
be implemented this very year.
The price which we have to pay for our mobility is far too high. Right now, an abundance of
traffic safety instruments already exists but they have yet to be properly implemented.
Therefore, a national traffic safety programme which is supported by the government,
professionally managed and thoroughly put into practice would be an important step towards a
major improvement of traffic safety.
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Traffic Safety in Austria
The Outset
In the first decades following World War II, Austria went through a period of rapid recovery
and reconstruction. The increase of prosperity took place at such an incredible pace that this
development has ever since been referred to as an "economic miracle". Both the individual
and the economic urge to increase mobility were strictly tied to the growth of social wealth.
To own and to use a car was not only a means to an end but soon became a symbol of richness
and freedom. The increase in the annual numbers of accidents and resulting fatalities which
was running parallel to the extension of road networks and the rising number of vehicles was
more or less considered inevitable. In 1961 a standardised registration procedure for accidents
was introduced in Austria and in the next eleven years to come the number of deaths in road
accidents increased by 80% from 1,640 to 2,948. This results in an average annual increase of
5.5%.
In the early 70ies the first speed limits were set at 100 km/h for rural roads and 130 km/h for
motorways. The main intention was to cut fuel consumption rather than to increase traffic
safety since a considerable oil shortage had made itself felt all over the globe. As an effect
which was directly connected to the introduction of speed limits, the number of fatalities
began to drop for the first time despite the continuously growing amount of road traffic. Thus,
the assumption that the number of road accidents would rise with an increasing amount of
traffic proved to be wrong. People began to understand that more and better safety measures
would lead to a reduction of fatal accidents and consequently to an improvement in road
safety. The 70ies might therefore be regarded as the outset of a deliberate road safety policy.
Current Situation
Since 1972 the annual number of fatalities has been constantly decreasing. In 2000 976 persons were killed in road accidents which amounts to only about a third of those killed in the
peak year of 1972. Superficially speaking, this could be called a satisfactory development. Fig.
1 shows the increase and decrease in the number of fatalities since 1961. What is more, it
gives a general idea of the effect the introduction of safety measures had on the number of
fatalities.
100 kmph speed limit
on rural roads

130 kmph speed limit
on motorways

standardised regular
technical vehicle check
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requirement to
wear helmets

2500

driving licence
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2000
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Fig. 1: Annual number of deaths caused by road accidents in Austria since 1961 including some
safety measures (Sources: Statistik Austria; Austrian Road Safety Board KfV; Federal
Ministry of the Interior; Federal Ministry of Transport, Innovation and Technology).
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The overview of the main causes for fatal road accidents (see Fig. 2) reveals the weak spots in
the Austrian traffic safety system: speeding and high speed limits, insufficient enforcement of
traffic regulations, deficient training of learners, inadequate dealing with risk drivers,
insufficient efforts to remove accident hot spots, too many sites in road networks with high
latent accident risk but low conspicuousness for drivers, poor individual and public awareness
of road safety matters, etc.
overtiredness
5%

lapses of
pedestrians
4%

unknown /
other
17%

alcohol
6%
inattentivness
9%

non-conformist
speed
36%

overtaking
11%
neclect of
priority
12%

Fig. 2: Causes for road accidents as recorded in the accident reports of 2000
(Source: Federal Ministry of the Interior).

The number of road accidents has a decisive influence on the amount of social costs in a
country, i. e. if the number of accidents is high, social costs are soaring. Therefore, the
Austrian economy reinforces the urgent call for action although the social costs for road
accidents in Austria are noticeably lower than in those countries maintaining the highest
standards of traffic safety. In Great Britain, for instance, the costs for people killed or injured
in accidents are about twice as high as in Austria (see Table 1). The Austrian calculation,
however, does not take into account any humanitarian aspects whatsoever.
Table 1: Road traffic in Austria in 2000: social costs for persons either killed or injured in
accidents;
Variant 1: Costs calculated according to the Austrian method;
Variant 2: The Austrian number of casualties calculated by means of the UK method.
social costs per overall social costs social costs per
casualty
– Austria 2000;
casualty
– Austria 2000
Variant 1
– UK 2000

overall social costs
– Austria 2000;
Variant 2

injured

16,400.- Euro

900 mio. Euro

37,000.- Euro

2,040 mio. Euro

killed

0.92 mio. Euro

900 mio. Euro

1.70 mio. Euro

1,660 mio Euro

total

1,800 mio. Euro

3,700 mio. Euro

International Comparison
By comparing different accident parameters, that illustrate the road safety standard in a region
or a country, Austria's mediocre performance can be easily detected. No matter which
parameter is used, the accident risk in Austria is always at least twice as high as in those
countries leading in terms of road safety (see Fig. 3). No matter whether we are taking
business, currency policy or democratic values, Austria meets EU standards which concerning
the latter point was even officially acknowledged in autumn 2000. However, it does by no
means do so in terms of road safety.
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Fig. 3: International survey of road safety as carried out in 1998
(Sources: Austrian Road Safety Board KfV; Statistik Austria);
Persons killed in road accidents per 106 citizens (top left corner),
106 vehicles (top right corner),
109 km (bottom left corner),
Persons injured in road accidents per 106 km (bottom right corner).

National Traffic Safety Programme
Arguments
So far Austria has always been lagging far behind the rest of the EU member states in terms of
traffic safety. The reasons for this are manifold and might be enlisted as follows:
• Lacking awareness on the part of the country's decision-makers and interest groups of the
human suffering and the economic disadvantages caused by deficient traffic safety
measures;
• The non-existence of a target-oriented and strictly enforced traffic safety management on
both the federal and the local level, as well as the non-existence of a national traffic safety
programme aimed at achieving a sustainable level of safety (Wegmann, Elsenaar 1997).
The indication of quantitative figures would be one of the major features of such a
programme.
• The Austrian policy of reaction rather than of action which characterises the country's
traffic safety policy. In many a case, decision-makers are spurred into action by tragic
events with an incredible media coverage rather than by action plans based on facts and
research. Interest groups rarely fight for the safety of those on whose behalf they pretend to
act. Consequently, discussion on traffic safety which currently seems to be emotionally
overcharged has to be turned into a matter-of-fact debate.
Thus, the current objectives are to
• enhance awareness in all the persons involved,
• support decision-makers committed to traffic safety,
• publicly exert pressure on those less happy to increase traffic safety.
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The realisation of these objectives should facilitate the launch of a national traffic safety
programme in 2001 which would stand out as a significant reminder of our otherwise rather
low profile transport policy. It has to be emphasised at that point that transport policy is to be
considered an indicator of the degree of humanity prevalent in a society.
On the occasion of the 5th Conference on Traffic Safety and the 23rd Session of the Austrian
Road Safety Council in 1997, the non-existence of a national traffic safety programme was
once again pointed out, however, no definite actions have been taken so far (Sammer 1997).
Drawing the conclusion from that inactivity, on January 17, 2001, a conference entitled
"National Traffic Safety Programme 2001" took place in Vienna. The conference was initiated
by our institute and organised jointly with the Austrian daily "Der Standard". It was also
sponsored by the Austrian Road Safety Board (KfV) and the Austrian Road Safety Fund. The
event was attended by about 200 persons and found great acclaim among experts. Owing to
the participation of both the Austrian Minister of Transport and the Austrian Minister of the
Interior as well as to an extensive media coverage it also reached a greater public.
The conference's main objective was to make Austrian traffic safety experts and political
decision-makers realise that the country is lacking a comprehensive programme with which to
achieve a sustainable and properly enforced improvement in traffic safety. Although the
annual number of persons killed in road accidents has been decreasing since the early 70ies
and has in 2000 reached one of the lowest levels in a long time, safety could be much higher
on Austrian roads. This statement is sustained by international data. Thus, a politically
supported, professionally managed and properly enforced national traffic safety programme
would constitute a decisive step in the right direction. A proposal for such a programme is
illustrated below.
Traffic Safety Targets
If Austria is to reach Sweden's 1998 level of road safety, we can enlist the following
objectives (see Tab. 2 and 3):
Tab. 2:

Proposal for an Austrian road safety target: Sweden's 1998 specific probability levels of
being killed or injured in a road accident to be reached until 2005.

Austria in 2000
Austria in 2005 ≡ Sweden in 1998
Tab. 3:

Persons killed
/ 109 km
16
10

Persons injured
/ 106 km
0.83
0.40

Proposal for an Austrian road safety target as expressed in the number of casualties.
Austria in 2000
Austria in 2005
Changes from 2000 to 2005
Reduction per year

Fatalities
976
570
- 42%
- 10%

Persons injured
54,929
23,000
- 58%
- 16%

The reduction of fatalities from an annual 1,000 to 570 until 2005 is a very ambitious aim. If
the development to date is taken into account, it becomes clear that additional measures have
to be taken in order to reduce the number of fatalities by a further 270 until 2005 (see Fig. 4).
The definition of quantitative figures does not bring about any change. It is, however, an
important step towards a national traffic safety management and programme.
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Fig. 4: Outlook on the number of persons killed in road accidents until 2005 as opposed to a
potential target.

Recommended Concept
A national traffic safety programme has to be more than a non-committal declaration of intent
in the form of a list of measures. It has to include basic principles in terms of content,
organisational, political, financial, institutional and legal aspects as well as the basis for
shaping awareness. The following principles have to be contained in a national traffic safety
programme:
• Political intent documented by means of a quantitative target for 2001 which is agreed
upon by policy-makers on federal, regional and local level;
• Scheduled time of several years (e.g. 5 years); drawing up of annual implementation
programmes for the measures concerned;
• Annual evaluation of the quantitative attainment of targets by an independent national
traffic safety commission;
• Professional project management by a private organisation ("outsourcing") to be
commissioned by means of an invitation of tender;
• Secured financing by an earmarked traffic safety budget including the utilisation of private
funds (e.g. traffic safety charge in addition to car insurance, saved insurance benefits as
one source of financing);
• Establishing an independent national traffic safety commission (experts, no interest
groups) which shall be in charge of annually evaluating achievements and providing
recommendations for the respective policy-makers;
• The traffic safety programme is to be based on the flowchart of Fig. 5;
• The measures contained in the programme are to be defined according to state-of-the-art
know-how, priorities are to be determined according to the cost effectiveness of the
measures and a public programme for shaping awareness is to be provided for measures
lacking acceptance at the moment;
• The programme is to be implemented by governmental units (federal, provincial and local
authorities, schools, etc.) and private organisations (non-profit associations, car drivers'
clubs, etc.). Financial incentives are to be created (e.g. federal subsidies depending on
decreased number of accidents).
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During the phase of drawing up the conceptual framework, topics - such as demerit-point
driving licences, lower speed limits, thorough supervision, etc. - may not be left aside for
reasons of political opportunism.

Fig. 5:

politicians' commitment,
targets, funding

annual implementation programmes
for federal, provincial and local
authorities, and private organisations

organisational pre-requisites

realisation of said programmes
by the mentioned bodies

sets of measures incl.
cost effectiveness analysis

annual evaluation of the
attainment of targets by a
national traffic safety commission

Flowchart for a national traffic safety programme 2001 in Austria

Recommended Measures (Exemplary)
• Speed management with lower general speed limits (e.g. a limit of 80 km/h instead of 100
km/h on the particularly dangerous two-lane rural roads with two-way traffic; a speed limit
of 30 km/h instead of 50 km/h on minor roads ); more flexible limits (e.g. depending on
changes in the weather, day/night, telematics), lower speeding tolerance levels;
• Traffic control: automation, privatisation, determining fines according to the preventive
effect;
• Training of car drivers plus periodical check-ups: graded driving licences, demerit-point
driving licences, etc.;
• Shaping of awareness, public relations work: target-oriented for politicians, experts,
media, interest groups, road users, etc. (e.g. use of public transport also leads to increased
road safety); professional, permanent programme on socio-empirical basis;
• Focus on projects for demonstrations of traffic safety at local and regional level with
financial bonuses granted by the federal government for attainment of targets;
• Intensified measures for removal of hot spots;
• Traffic duties and insurance premia: allocation of external costs of road accidents
depending on the accident risk of the target groups;
• Drawing up of a research programme for traffic safety (e.g. social costs of post-crash
care), co-ordination of research activities;
• Adapting the legal framework (e.g. stronger focus on circumspect driving behaviour).
Latest Developments
The statements delivered by the respective ministries at the Austrian Road Safety Board's
year-end press conference on March 12, 2001 are not very encouraging. A new traffic safety
programme is promised for the end of 2001 but the requirements necessary for the success of
such a programme are not likely to be fulfilled. According to the current status of information,
a fixing of quantitative targets, a scientific preparation of the planned measures by disclosing
the effects to be expected and a professional management of the implementation, etc. (see
before) are not to be expected. The ministers have already announced that measures which
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have proved successful on an international level, such as demerit-point driving licences, lower
speed limits, higher penalties for risky violations of traffic regulations, etc. will not be taken
into consideration.
According to statements provided by the Ministry of Transport, Technology and Innovation in
August, different traffic safety measures are being reviewed and tested for their efficiency. At
the same time, however, their political potential is assessed. Furthermore, the government is
not likely to adopt a quantitative traffic safety target in the foreseeable future. These developments unfortunately indicate that
- a thorough elaboration and realisation of a national traffic safety programme is not to be
expected for the near future,
- the realisation of particularly efficient but unpopular measures won't be considered.
Conclusion
The price the Austrians pay for their mobility every year is still far too high. A great variety of
instruments for increasing traffic safety already exists. These instruments only prove effective
when they are applied consistently. As mentioned in this article, an important step towards
achieving a considerable improvement in traffic safety would be the definition and
implementation of a national traffic safety programme.
The decision makers in charge should be aware of the fact that one of the main reasons for the
- compared to other countries - low traffic safety in Austria is the lack of action being taken in
this context. By more consistent action, Austria would be able to avoid 200-300 fatalities,
thousands of casualties and much suffering as well as several billions of social damage. The
question is: who is going to accept responsibility?
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Introduction
In this paper I will give an introduction to different types of action plans for improving traffic safety in
Denmark. Mainly I will introduce The National Action Plan for Traffic Safety 2001-2012, which is a
successor of the earlier National Action Plan 1989-2000. Thereafter I will tell you about the success
we have had in Denmark with Local Traffic Safety Plans and finally I will mention Company Action
Plans, a concept we are trying to get some experiences with in Denmark right now.
But first I would like to say a few things about Denmark and the way we have organized responsibilities for traffic safety in Denmark.

Traffic Safety in Denmark
We can say there are three main areas where we have to act in order to improve traffic safety: education, law enforcement and road engineering. There are many actors involved in this work but I would
like to introduce you to some of the main actors in Denmark and their characteristics; the Road
Authorities (hereunder the Danish Road Directorate), the Danish Road Safety Council, the Police, the
Road Safety and Transport Agency and the Danish Motor Vehicle Inspection Office. I will start with
the Road Authorities by giving a short introduction to the road network in Denmark.
There are three political levels in Denmark: the national level with the Parliament, the 14 counties
with their political Board, and the 275 municipalities with their political Board. Each level finances its
activities by income tax, i. e. we pay three income taxes in Denmark.
Each of the levels is responsible for a part of the road net work. They take decisions on planning, designing, constructing and maintaining.
− The national road network consists of 1,600 km, mainly motorways and is run by the Danish
Road Directorate.
− The counties are responsible for in all 10,000-km highways, also within urban areas. Each
county has its own regional planning unit and its own roads department with its own traffic
safety office.

−

−

The municipalities have 60,000 km, with a great variety of different road types from small
rural roads and suburban roads to big trunk roads in the major cities. All the municipalities
have their own town planning unit and their own road department, though in many municipalities the engineer in charge can also be responsible for water, sewage and other technical
matters.
Furthermore there are some 15,000-km private roads where the municipalities are responsible for traffic regulation.

The number of fatalities in 1999 was divided with 68 on state roads, 234 on county roads and 212 on
municipality roads. The number of Mio. vehicle-kmts was in the same year divided with 11,875 on
state roads, 15,108 on county roads and 18,711 on municipality roads.
The Danish Road Directorate has furthermore a road sector role. This is a task that covers a wide
range of activities. An important activity is to issue road standards and to supply the sector with information that can support them in their daily work. Here traffic safety and the latest findings and
policies within traffic safety are very important issues.
In 2000 a new research institute was formed in Denmark, The Danish Transport Research Institute.
The Institute was formed by joining research units in the Danish Road Directorate and the Danish National Railway Agency with the former Council for Research on Traffic safety. The idea is to
strengthen the research environment in Denmark, mainly within traffic safety, focusing on road design
and road user behavior.
The Danish Road Safety Council was founded in 1935 and is responsible for coordinated, nationwide campaigns on traffic safety, mainly on alcohol, use of safety belt and speed. These campaigns are
coordinated by the Council and carried out by the Council, the Local Traffic Councils and the Police
in common. In the Local Traffic Councils there are typically representatives from the municipality and
county road administration, the local police district, school boards etc. The Danish Road Safety Council also runs The Children's Traffic Club for children age 3-6, where 40% of the children in this age
group are members.
The Police's main task in relation to traffic safety is in law enforcement and the Traffic Police are a
part of the National Police Force. A Danish policeman has a feature that is positive for traffic safety;
he/she can not be bribed. In Denmark the Traffic Police also take part in other traffic safety related activities; they participate in national and local campaigns, they participate in the Local Traffic Councils
and they play an active role in the primary schools in traffic education. All traffic regulating projects
on public roads, such as signing and marking, has to be approved by the Police and the Police can actively discuss good and bad road designs with the road authorities and thus contribute to safer roads.
The Police is divided into 54 police districts and of course not all districts are equally committed to
traffic safety.
The Road Safety and Transport Agency works with road traffic safety for road users and vehicles,
conditions for public transport and environmental as well as energy consumption concerns. The Road
Safety and Transport Agency handles tasks concerning road traffic legislation which among other
things include the planning of driver education and tests and the technical design of vehicles.
The Danish Motor Vehicle Inspection Office carries out technical inspection of both new and used
vehicles. Biannual technical inspection has been compulsory on all motor vehicles in Denmark since
1996. The tests at the vehicle inspection include the safety equipment of the vehicle, as well as noise

and exhaust emissions. The DMVIO also participates in road inspections in co-operation with the local
police districts.
Last but not least I will mention the Road Safety Commission. The Road Safety Commission advises
the Ministry of Transport on road safety. The Council includes, among others, members of Folketinget
(the Danish parliament), politicians from counties and municipalities, representatives of organizations,
and various experts.

The National Action Plans on Traffic Safety
In this paragraph I will introduce the first National Action Plan on Traffic Safety and what was
achieved during the plan period. Thereafter I will tell you about the second National Action Plan on
Traffic Safety and what we expect from that.
The first National Plan on Traffic Safety was launched by the Road Safety Commission in 1988 and
the plan period was 1989-2000. The goal was to achieve a reduction in the number of killed and injured by 40% by the end of the plan period. The goal was to be in relation to the average figure from
the years of 1986-87. This meant in figures that the number of killed were to be reduced from 711
killed to 427 and the number of injured from 12,707 to 7,624 by the end of 2000. The period was divided into three; the first 3 years the goal was a reduction of 15%, the next three another 15% and the
last 6 years 10-15%, in all 40-45%.
This goal was not reached. In 2000 the number of killed was 498 and the number of injured was 9,092,
which meant a reduction of app. 29% in relation to the figures from ´86-87. The goals were absolute, i.
e. they were independent of the increase in traffic volume, which had been more than 30% from 1989
to 2000. Should this be considered a failure? Yes and no. The goal was not reached, but the number of
killed and injured were noticeably reduced and each life and each injured saved is a success.
The first plan had four focus areas:
− drunk driving
− speeding
− accidents with bicycles
− accidents in intersections.
The Road Safety Commission has closely followed the statistics on accident within the focus areas,
although speeding has not been followed because the information on speeds given by those involved
in the accidents are not reliable enough. The different results can be seen in the diagrams:
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The first plan had a wide range of measures to improve traffic safety. They were divided into measures
that were to be financed and initiated by the State (Parliament and/or Government), and local measures. As state initiatives suggested in the plan and carried out within the plan period can be mentioned:
− compulsory use of safety belt in all seats in cars,

−
−

all motorized vehicles should have lights turned on at all times of day,
regular campaigns combined with increased police control; use of safety belt, drunk driving.

Other measures than those mentioned in the plan have been carried out. This shows that traffic safety
has been much in focus and the political willingness to approve stricter laws has increased during the
plan period. Also some initiatives were initiated in the EU.
− compulsory use of reflectors on bicycles,
− higher fines on drunk driving and lowering limit of alcohol in the blood from 0.8 to 0.5 o/oo,
− 50% state funding of traffic safety projects in municipalities and counties.
This last measure will be mentioned later on in the paper as it gave a lot of locally initiated traffic
safety plans and also speed management plans.
It is more difficult to say which or to what degree the different local initiatives suggested in the plan
were carried out. As examples of local initiatives can be mentioned:
− local information campaigns,
− black spot improvements on state, county and municipal roads,
− differentiated speed limits in urban areas,
− improved intersections.
Not all measures suggested in the first plan were carried out. The important task now in relation to the
first plan, will be to make an evaluation of which measures that went well and which measures that
weren't so efficient. The intention is to start an evaluation of the first plan. There might still be a big
potential for some of the initiatives that haven't been fully carried out, whereas others cannot give any
further positive effect. For example, there are discussions about how many percent of the population
that can be reached through regular campaigns about safety belts. 85%? 90%? There will probably be
a group of people who will not change.

The Government Traffic Safety Action Plans
I want to use a few words on the Traffic Safety Plan issued by the Government in 1996. The Government plan was short term, with a plan period form 1997-2000. It was a follow-up to the Road Safety
Commission Plan and mainly had the same wide range of initiatives. But one of the differences was
that it could commit the some of the state institutions to take some serious measures towards better
traffic safety. For example, a pilot study on Company Action Plans for Traffic Safety was started with
members from different state institutions, like the Postal Services and the Road Directorate. This will
be referred to later in the paper.
A survey was also done showing that the municipalities used around 410 Mio. DKr (50 Mio US$) on
traffic safety in the year of 1997.
The Government Plan also presented a thorough documentation on the effects used. The same thorough methodology has been used in the new National Plan for Traffic Safety.

The National Action Plans on Traffic Safety
After a presentation of the first plan I would like to present the new plan by the Traffic Safety Commission, 2001-2012. The plan is called "Each accident is one too many". The goal is almost the same;
the number of killed and seriously injured should be reduced with 40% in the plan period. The basis
year is 1998 which means that by the end of 2012 the number of killed should be reduced from 500 to

300 and the number of seriously injured should be reduced from 4,071 to 2,443. The focus of the
Commission has changed from injured to seriously injured. The idea is to focus on measures to reduce
the number of serious accidents, hereunder accidents with bicyclists, pedestrians and young people,
but in reality this can be very difficult; the difference between an accident with seriously injured and
slightly injured can be coincidental.
As one notices the plan period is 12 years like the last plan. There are clear advantages to have a long
plan period:
− the relevant actors can plan their actions and investments needed in due time, this is especially important for the smaller road authorities, the municipalities,
− statistics on the traffic safety situation can be processed and presented regularly to the decision makers so that they can adjust the actions if needed to fulfill the goals,
− the statistical variations have less influence.
The Commission mentions five strategies for the traffic safety work in the coming years:
− Traffic safety starts with you
− Efforts by individuals and public institutions
− Four central and clear key issues; accidents with high speeds, alcohol, bicyclists and in intersections
− Strengthening of the local traffic safety work
− New knowledge on traffic safety
The first strategy derives from the fact that if the Danes kept the speed limits, kept from driving while
drinking and wore safety belts, we would reach the 40% reduction in the number of killed and seriously injured from one day to another. The attitudes have to change and it can be done; in the last plan
period the attitude towards drinking and driving changed radically, especially in the cities. Campaigns
combined with police control has proven very efficient and the Danish Road Safety Council has presented some very exciting and provocative campaigns, using television, Internet and road side posters
to bring forth the messages.
The biggest challenge for the coming 12 -year period is speed. It has been clearly shown by several
studies that speed has a significant effect on road safety. Examples show that only minor reductions in
speed can lead to quite large reductions in the number of road accidents and injuries. But unfortunately
it is still socially accepted to exceed speed limits and speed measures throughout the country shows
that average speeds have gone up in the last years.
Below the cost-effect curve from the plan is shown. The effects and costs are based on results from
mainly Danish but also international research and investigations. It is important to use as much information on national conditions as possible as the effect and the potential of a certain traffic safety
measure depend a lot on what the actual situation is like in the country. Of course studies from countries with similar conditions can be used. It is an important strategy suggested by the Commission
when they state that we always need new knowledge on which methods to use to improve traffic
safety.
The effect curve has of course a certain amount of uncertainty to it. The calculation is developed to be
used on a national level and is also being used in the counties when they calculate the traffic safety effect of their efforts.
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Local Action Plans
One of the strategies in the National Plan is to strengthen local traffic safety work. This was also mentioned in the first plan, and different ways to do this was suggested, some of them very expensive in
construction cost. The Transport Ministry therefore in 1995 took the initiative to establish the Traffic
Fund to support the local road authorities in trying out new ways to improve traffic safety. The municipalities and the counties could receive 50% funding of innovative projects, initiated and run by
themselves.
A lot of municipalities have since received this funding to made their local Traffic Safety Plan. Out of
a total of 275 municipalities in Denmark, 131 have or are about to elaborate a local traffic safety plan
and 45 have other plan including traffic safety. The municipalities followed some guidelines elaborated by the Road Directorate. The guidelines recommended the following steps:
− Planning; involving the local politicians and the inhabitants
− Mapping; showing accidents, conflicts, unsecure routes
− Goals and efforts; should take offset in the National plan
− Catalogue of measures; find the local possibilities
− Prioritize; done on basis of cost-effectiveness and local discussion
− Put into work; can also involve the locals
− Evaluation and communication: evaluate the effects of the measures and communicate the
good and bad results to the locals and others.
Recently the Road Directorate, who administers the fund, made an evaluation of this work in the municipalities. The evaluation showed that by elaborating a traffic safety plan, traffic safety issues became important in the municipality and the big political focus on traffic safety also led to an increase
in activities to improve the situation. The evaluation recommends all municipalities to elaborate a
plan, and it also recommends the municipalities to try to focus more on campaigns and other nonphysical measures.

Speed Management action plans
Speed management plans have also proven to be an important tool for many municipalities. The Road
Directorate has supplied guidelines for speed management in urban areas. With speed management we
get around to another type of action plan for traffic safety where the plan focuses on a more limited
cross section of the rather wide concept of traffic safety.
Speed management is basically about regulating the car speed by use of various methods, e.g. legislation, road layout measures, enforcement, campaigns or advanced technology. Speed management is
not necessarily about reducing speed, but to a considerable extent about planning and designing the
road layout and the road network in such a way that an appropriate speed is obtained.
Changes in speed do not only affect safety but also other parameters as perceived risk, barrier effects
and traffic noise are strongly related to high-speed levels. Speed is also an important factor when
talking about quality of life in cities, aesthetics, preservation of historical sites and other environmental aspects.
In other words, when talking about Urban Safety Management, one cannot ignore that one of the key
issues is Speed Management. Managing the speed on urban roads is of crucial importance in order to

create a safe and secure road network, and to ensure a pleasant environment for road users and people
in general.

Company Action Plans
Another type of selective traffic safety plans is the company action plan. Half of the traffic on Danish
roads is professional traffic and more than one in five fatal accidents at work happen in traffic. Traffic
safety therefore becomes an issue of personal safety at work and company policies and economics.
After the Government Action Plan was launched in 1997 a group of state institutions started a pilot
project on company action plans. It was quite clear that the different institutions had different transport
profiles. The Road Directorate participated and the characteristics of the Road Directorate are that we
buy a lot of transport from contractors in relation to construction and maintenance work on the roads.
Others, like the Postal Services, have a lot of vehicles and drivers.
The objective of a Company Action Plan for traffic safety is to plan and organize activities in such a
way that employees, transport contractors and fellow road users are not subjected to risk or damages
on roads - and so that expenses are at a minimum. Although a company action plan mainly aims to
improve traffic safety it can be combined with other aims such as reduction in total transportation
costs or environmentally friendly transportation policies. Some companies have for example encouraged employees to take the bicycle to work instead of the car.
The actions of the plan could be:
− Information and education of staff about traffic safety
− Accident instruction and first aid
− Improve safety equipment in company vehicles
− Include conditions on traffic safety in contracts when buying transport services
− "Conversations for safety", a method developed especially for professional drivers
− Central register for vehicles and accidents.
The positive results could be:
− Saved expenses for car repair
− Reduced risks for accidents while at work
− Improved company image
− Safe vehicles and safety equipment
As you can see most of the actions are aimed at improving the behavior of the employees and the contractors. It looks easy, but it isn't. In the Road Directorate, where the company plan is almost approved, there has been a discussion about how the company should act if the employees do not comply
with the policies put forth in the plan. Should speeding while at work result in a dismissal? As can be
understood this is not an easy question and it should be handled with care. The company action plan
should be something the employees are proud of and company traffic safety policies could become an
active comparable to ISO-certification or "green image".

Conclusion
This paper presents traffic safety action plans in Denmark right now, at national level and at local
level, also as a possibility for the companies. It has not been discussed in this paper whether action
plans are a good idea, but there can be of no doubt that they are. A good action plan is like a good road
map; you can see how far you have to go yet before you get where you want, you can see the different
obstacles and plan your route ahead and you can show it to your fellow travelers and together you can
discuss alternative routes to reach the goal. The goal is to improve traffic safety for everyone.
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Introduction
Over the past 30 years developed countries have seen a remarkable decrease in the total
number of fatalities associated with traffic accidents. This has occurred despite the large
growth in the total number of kilometers traveled by private vehicles and increases in
population. Many pro-active policies are often attributed with leading to this reduction.
These have included safer vehicle designs, better engineering of road infrastructure, tougher
enforcement of drunk-driving laws, and increased seat-belt usage. All these factors tend to
vary between countries and could account for differences in traffic-related fatalities between
countries. Other factors, such as safer vehicle designs would tend to quickly propagate
between countries, especially as the vehicle market has become increasingly global over the
last 30 years.
Another factor, infrequently cited as a source of reduced fatalities is the increased knowledge
and technology associated with medical care. This paper will examine various proxy
measures for improvements in medical care and technology and their impact on traffic
fatalities. The ability of medical practitioners to treat numerous conditions has increased
dramatically over the last 30 years, but has also shown some variation between countries. The
analyses in this paper estimates models that include proxies for medical technology
improvement and show that some of these factors have had a statistically significant impact
on reducing total traffic-related fatalities.
Table 1 displays the percent change in total fatalities between 1970 and 1996 for a selection
of countries. As can be seen, most countries experienced large percent reductions in total
fatalities. The three exceptions displaying an increase in total traffic-related fatalities are
Greece, Portugal, and Spain. These three countires have moved from being relatively
undeveloped (in 1970) with low vehicle ownership rates to much greater (though still lower
than other European countries) rates of vehicle ownership. Ireland has followed a similar path
and shows a slightly lower reduction in fatalities compared to other European countries.
This type of pattern is not unusual. In general, as countries begin to motorize traffic fatality
rates increase substantially. This is eventually mitigated as the country reaches a certain level
of development and then fatalities have tended to decrease. This paper hypothesizes that one
of the reasons for this pattern is that medical care and technology improvements play a key
role in reducing traffic fatalities.
This paper is organized as follows. First a brief review of the literature is presented with a
focus on other studies that have used international data and some of the traditional factors
normally associated with fatality reduction. Then the data used in this analyses is described
followed by a discussion of the methods used and the results which were obtained.
Concluding comments focus on some of the policy implications of these results.
Literature Review
Research into the impact of medical care and technology improvements on traffic related
fatalities is non-existent. The only other attempt to analyze this was by Noland (2001) who
analyzed time-series cross-sectional state-level US data and included white infant mortality
rates as a proxy for medical technology improvements. Results showed that this proxy
measure had a statistically significant impact on reducing traffic fatalities. Sivak (1983)
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found that other mortality indicators were correlated with traffic fatalities, though his study
was analyzing the hypothesis that aggression is a causal factor in traffic accidents.
Page (2001) developed statistical models using the International Road and Traffic Accident
Database, which is the same data used for this research. Page used a cross-sectional timeseries model with 15 years of data and determined that population levels, percent young
people, vehicle fleet per capita, alcohol consumption and employment levels all led to more
fatalities. More buses in the vehicle fleet and larger urban populations resulted in fewer
fatalities. Some of these same variables are used in the current study.
Bester (2001) attempts to explain national road fatalities using data collected from a variety of
international sources, such as the International Road Federation and the United Nations.
Bester’s time-series is short and it is not clear whether the statistical models controlled for
fixed effects between countries, which could result in biased estimates. Despite this, Bester
uses a variable defined as the Human Development Index that combines GDP, life
expectancy, and educational levels. As this index increases, fatality rates drop. While the
statistical methods used in this study are questionable, this result is supportive of the
hypotheses that medical care and technology improvements have led to fewer traffic fatalities.
Beenstock & Gafni (2000) hypothesize a “globalization model” of road safety whereby
technology transfer of vehicle and road infrastructure technology have led to decreases in
fatalities in all industrialized countries. Their analyses concludes that this is the case, though
they do not analyze which factors may be reducing fatalities globally. The hypothesis
examined here is similar except the transfer of improved medical care and technology is
assume to be an underlying and significant cause of this downward trend.
Another hypotheses, examined by Oppe (1991) is that learning effects can explain the
downward trend in traffic fatalities for developed countries. The idea is that society as a
whole learns how to reduce traffic fatalities, both from the improvement in individual driving
skills and from improved knowledge on vehicle and road design as well as other policy
measures. One could extend this hypothesis to include better medical delivery systems that
are capable of dealing with the type of injuries associated with traffic accidents.
Other research has clearly identified many of the factors associated with reductions in traffic
fatalities. These include alcohol consumption, age of the population, speeding and speed
variations, road infrastructure, vehicle-kilometres of travel, income levels, and seat-belt usage
(Loeb, 1987; Lave, 1985; McCarthy, 2001; Karlaftis & Tarko, 1998). Hakim et al. (1991)
provide a review of many studies and the variables that have been identified.
For this research it was not possible to include all the possible variables that may affect traffic
fatalities. This was due to the unavailability of much of this type of data across countries.
The data used and the analyses methods are described in the next section.
Data and Methods
Data used in this study was derived from the Organization for Economic Cooperation and
Development (OECD). The OECD maintains the International Road and Traffic Accident
Database (IRTAD) which contains time series data on both road accidents and various
exposure variables for all the OECD countries going back to 1970. The OECD also maintains
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data on health care in OECD Health Care 1998 from which the medical care and technology
data was extracted. This also has time series data going back to about 1960.
The primary limitation of both these data sources is that data is not necessarily available for
every country for every year. Some countries lack entire data series, which would be
desirable for a comprehensive analysis. For example, data on vehicle-kilometres of travel was
only available for about half the countries. Many of the more disaggregate medical
technology variables were only available for one or two countries. International comparisons
can also suffer from different interpretations of the data, different data collection methods
employed by the various countries, and many other external factors that can complicate
comparisons. However, attempts are made by those compiling OECD data to minimize these
problems. The data on injury accidents, however, continues to suffer from many alternative
collection methods between countries and has been acknowledged as difficult to use in
comparison studies (Page, 2001).
The countries examined are listed in Table 1. The intent was to include all fully developed
countries in Europe and North America, Japan, Australia and New Zealand. Germany was
excluded from the analyses due to problems with the inclusion of post and pre-unification
data. IRTAD maintains separate series that continue to distinguish between East and West
Germany, but this was not done for the OECD Health Care data. Greece, Japan and New
Zealand are also not included in the analyses with medical care variables, as the variables
selected were not available for these countries.
The method selected to estimate the effects of these variables on total fatalities is the fixedeffects overdispersion model developed by Hausman et al. (1984). This procedure uses a
negative binomial distribution which has been acknowledged as the correct distribution to use
for count data such as the generation of traffic-related fatalities (Karlaftis & Tarko, 1998).
Hausman et al.’s (1984) method has the additional benefit of accounting for heterogeneity in
the data. This is done by conditioning the joint probability of the counts for each group upon
the sum of the counts for the group. This differences out the dispersion parameter for each
group and allows the analyst to account for heterogeneity between groups. That is, lack of
information on other factors that may influence the dependent variable does not result in
biased estimates.
The model can be written as1 :
ln λit = k i + b ′x it

i = 1,...N

t = 1,..., Ti

The constant, k i represents the average effect of excluded variables for each group. The
parameter, b, is estimated using the maximum likelihood of the conditional joint distribution,
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The number of fatalities, yi, for a given time period, t, is defined by the negative binomial
probability mass function:

1

This simplified description of the model is drawn from Karlaftis & Tarko (1998). A more detailed derivation is
available in Hausman et al. (1984).
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where ai is the rate of overdispersion for each group and Γ(.) is the gamma function. In this
formulation the dependent variable, λit , is defined for each group over a given time series.
This method is used for estimation of a series of models using the international database.
Total fatalities are the dependent variable and the natural logarithm of the independent
variables are used so that heteroskedasticity is minimized and elasticity values can be more
easily interpreted. Results are discussed in the next section.
Results and Discussion
Estimation results for various models are shown in Tables 2 and 3. In Table 2, a time trend
(year) variable is included in the estimates. This was done to determine if there is any
residual time trend resulting in reduced fatalities. One difficulty with doing this is that some
of the variables of interest were strongly correlated with the time trend. To correct for this,
the estimates in Table 3 use dummy variables for each year (less one) to control for the time
trend. Both methods are discussed in combination below.
The selection of variables to include in each model resulted in variation in the number of
observations, due to missing values for some variables. Model A,2 which includes all the
variables of interest has 310 observations. This is increased to 527 observations in Model C
which omits all the medical technology variables. The countries included in the models also
varied between 19 and 22. As mentioned previously, Greece, Japan and New Zealand are
dropped from all the models except Model C and G.
The key variables of interest are the medical care and technology variables included in the
regressions. These are the total infant mortality rate, physicians per capita, and the average
number of days in the hospital for acute care patients. These variables were selected partly
due to their availability in the OECD database, but also because they are good proxies for
improvements in medical care and technology.
Infant mortality rates have shown a remarkable improvement with a reduction of 60-80% over
the time series in the data. These are changes shown in Table 4. In addition, the variability
between countries is also quite substantial suggesting that this variable may be a good proxy
for medical technology improvements. Noland (2001) used white infant mortality in a similar
analyses of US state-level data and found significant effects.
Estimation results, however, show that this variable is generally not significant. In some
cases it even has an unexpected negative sign. One problem with this variable is its high
correlation with per capita income (-0.87). However, when per capita income is removed
from the model (Model E) infant mortality rates do not become significant. However, when
GDP per capita is removed and infant mortality rates are included as the only medical
2

Our discussion of the models refers to both Table 2 and 3.
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technology variable (Model H) it shows the expected positive sign with statistical
significance. Thus, it may be a suitable proxy for this effect, but suffers from some
correlation with other variables.
Physicians per capita is another variable that may influence the degree of medical care that
accident victims receive. Table 4 shows the change in this value for each country in the
database. This variable shows a large level of growth over the time series with most countries
seeing over a 100% increase in this variable. Surprisingly, even relatively more developed
countries show a large growth in physicians per capita over this time period, although (with
the exception of Ireland) the relatively poorer (in 1970) countries show the largest growth
rates, in particular Spain, Portugal, and Italy. It was suspected that this measure could be
highly correlated with growth in elderly populations, though the correlation with the percent
of population aged 65 and over is only about 0.47.
In the statistical estimates, physicians per capita is consistently statistically significant with
relatively stable coefficient values (Models A, D and F). These values are somewhat lower in
the models with year dummy variables, partly due to a correlation of 0.72 with the year trend
variable. In any case, higher levels of physicians per capita appears to be a significant factor
in reducing total traffic fatalities.
The final proxy for medical care and technology used in the analyses is the average number of
acute care days spent in the hospital. This variable captures the improvement in techniques
for treatment of acute care conditions of which traffic accidents are a source. Table 4 shows
that all the countries (with available data) have decreased the average hospital stay for acute
conditions. This represents the ability to better treat patients and release them from the
hospital more quickly.
This variable is statistically significant with a relatively stable coefficient across different
specifications of the model (see Models A, B, D, E and F). The positive sign indicates that
lower average acute care stays in the hospital are associated with lower fatalities. This is the
result one would expect if medical technology improvements are helping to reduce traffic
fatalities.
Inclusion of the year variable as a time trend variable (Table 2) results in some problems with
multicollinearity, especially with per capita income and infant mortality variables. However,
the time trend in itself is of interest. The time trend is significant in Models C, G and H
indicating that some unmeasured effect is causing a downward trend in fatalities over time.
These models do not include the medical technology proxies, other than Model H which
includes infant mortality rates. This variable has a relatively high collinearity with the time
trend variable. Note that infant mortality is significant in Model H when the time trend is
included but not when year dummy variables are included (Table 3). Of more interest, in the
models with the other medical technology proxy variables, the time trend becomes
statistically insignificant. This suggests that these proxy variables are picking up much of the
unexplained reductions in fatalities over time.
As can be seen, Models C and G have the highest level of significance for the variables
included. The age cohort variables have the expected pattern in both Models C and G. As the
fraction of young people and older people in a country increases, fatalities increase. While all
the models show a significant and negative effect from increases in the 25-64 year group, the
65 plus age group loses its statistical significance as other variables are included in the model.
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The models in Table 3 with year dummy variables all show the younger age group as being
statistically significant. Coefficient values for the 15-24 age group and the 25-64 age group
are relatively robust, with the exception of the models without medical technology variables.
The coefficient values on the 65 plus age group show less stability, suggesting that we may
have less confidence in our result on this variable.
There does not appear to be much collinearity between the age cohort variables and the
medical technology variables. The collinearity between infant mortality rates, average acute
care days in the hospital, and physicians per capita are only in the 0.3-0.5 range, so this is
unlikely to be an effect of multicollinearity.
Total motor vehicles per capita is included to represent the relative degree of mobility
between different countries and over time. This coefficient estimate is very robust across
different specifications and is significant in all cases.
Increasing population levels appear to reduce total fatalities. Coefficient values are negative
in all cases and significant when year dummy variables replace the year trend in Table 3.
This result is consistent with what some other studies, such as Noland (2001) have found. It
is unclear why this is the case, but it could perhaps represent increased traffic congestion
levels which would tend to reduce overall fatalities (Shefer & Rietveld, 1997).
Conclusions
This paper has developed models using international data on traffic-related fatalities and
various proxies for advances in medical care and technology. Correlations between these
variables appear to be strong suggesting that advances in medical care and technology is one
of the underlying factors that have reduced traffic-related fatalities in all developed countries
over the last 20-30 years. This could represent a form of technology transfer between
countries as advances in medical care are quickly adopted.
One of the implications of this result is that future reductions in traffic-related fatalities may
be more difficult to achieve. While medical advances are likely to continue, they may
improve at a slower rate than during the last 30 years. On the other hand, demographic
changes, such as fewer young people may continue to have a positive benefit on reducing
traffic-related fatalities.
This stream of research would benefit from a more detailed understanding of these
relationships. For example, what is the process of dissemination of medical knowledge?
How is this knowledge specifically linked to the type of injuries associated with serious
vehicle crashes? Understanding these relationships can provide decision makers with the
information to allocate “road safety” resources to the best means of reducing fatalities, which
might mean investing these resources in medical care and delivery systems. This is especially
true in rapidly developing countries where rapid increases in motorization may be exceeding
the dissemination of new medical technologies needed to reduce fatalities.
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Table 1
Percent change in traffic fatalities by country

Australia
Austria
Belgium
Canada
Denmark
Finland
France
Greece
Iceland*
Ireland
Italy
Japan
Luxembourg
Netherlands
New Zealand
Norway
Portugal
Spain
Sweden
Switzerland
United Kingdom
United States

Fatalities in 1970 Fatalities in 1996
3798
1970
2574
1027
3070
1356
5080
3092
1208
514
1055
404
16445
8541
1099
2157
25
10
540
453
11025
6688
21795
132
3181
655
560
1615
5456
1307
1643
7771
52627

11674
71
1180
514
255
2394
5483
537
616
3740
42065

*first year of data for Iceland is 1980

8

Percent change
-48.13%
-60.10%
-55.83%
-39.13%
-57.45%
-61.71%
-48.06%
+96.27%
-60.00%
-16.11%
-39.34%
-46.44%
-46.21%
-62.90%
-21.53%
-54.46%
+48.24%
+0.49%
-58.91%
-62.51%
-51.87%
-20.07%

Table 2
Fixed Effect Negative binomial model with year trend

Dependent variable = Total
traffic fatalities
LN(Population)
LN(Percent of population
aged 15-24)
LN(Percent of population
aged 25-64)
LN(Percent of population
aged 65 and over)
LN(Total motor vehicles
per capita)
LN(GDP per capita)
LN(Infant mortality rate)
LN(Physicians per capita)
LN(Average acute care
days in hospital)
Year
Constant
N
Log likelihood
Groups (number of
countries)

Model
Model
Model
Model
Model
Model
Model
Model
A
B
C
D
E
F
G
H
Coeffi- t-statistic Coeffi- t-statistic Coeffi- t-statistic Coeffi- t-statistic Coeffi- t-statistic Coeffi- t-statistic Coeffi- t-statistic Coeffi- t-statistic
cient
cient
cient
cient
cient
cient
cient
cient
-0.1356

-1.340

-0.1084

-1.13

-0.1070

-2.03

-0.1664

-1.72

-0.1576

-1.71

-0.1613

-1.68

-0.1221

-2.33

-0.1150

-2.16

0.3360

1.35

0.2766

1.22

0.8532

4.87

0.3460

1.38

0.2961

1.30

0.3540

1.41

0.7205

4.12

0.7059

4.09

-0.9525

-6.63

-0.9291

-6.70

-0.3971

-3.49

-0.9500

-6.57

-0.9369

-6.69

-0.9459

-6.58

-0.3775

-3.25

-0.3195

-2.74

0.0471

0.28

-0.0847

-0.54

0.5547

4.72

0.0632

0.37

-0.0860

-0.55

0.0579

0.34

0.4725

4.00

0.5035

4.35

0.7457

7.95

0.5633

6.43

0.5894

12.45

0.8098

9.26

-0.1316

-4.32

-

-

9.99
-

12.53

2.36

0.7786
-

0.6574

0.0851

8.10
-

11.68

1.97

0.6475
-

0.5364

0.0721

-

-

0.0596

0.85

0.0933

1.43

-

-

0.0543

0.77

0.0797

1.23

-

-

0.5885

7.56

-

-

-0.4527
0.4384

-4.53
5.28

0.5616

7.19

-0.4523
0.4465

-4.52
5.43

-

4.62

-4.61
5.55

-

0.3024

-0.4658
0.4623

-

-

-

-

-0.0004

-0.09

-0.0044

-0.95

-0.0235

-6.81

0.0022

0.47

-0.0005

-0.11

0.0009

0.20

-0.0327

-11.81

-0.0235

-6.85

7.4688

0.77

13.8560
358

1.53

55.7177
527

8.48

3.2706

0.34

7.5476
358

0.86

5.9936
310

0.69

72.4272
527

13.50

53.4599
527

7.85

-

-3495.52

310
-1897.32

-2218.84

-3497.13

310
-1899.27

-2221.66

-1899.57

-3506.19

19

19

22

19

19

19

22

9

22

Table 3
Fixed Effect Negative binomial model with year dummy variables

Dependent variable = Total
traffic fatalities
LN(Population)
LN(Percent of population
aged 15-24)
LN(Percent of population
aged 25-64)
LN(Percent of population
aged 65 and over)
LN(Total motor vehicles
per capita)
LN(GDP per capita)
LN(Infant mortality rate)
LN(Physicians per capita)
LN(Average acute care
days in hospital)
Constant
N
Log likelihood
Groups (number of
countries)

Model
Model
Model
Model
Model
Model
Model
Model
A
B
C
D
E
F
G
H
Coeffi- t-statistic Coeffi- t-statistic Coeffi- t-statistic Coeffi- t-statistic Coeffi- t-statistic Coeffi- t-statistic Coeffi- t-statistic Coeffi- t-statistic
cient
cient
cient
cient
cient
cient
cient
cient
-0.3110

-2.94

-0.2807

-2.75

-0.1548

-2.83

-0.3005

-2.93

-0.2639

-2.64

-0.2904

-2.71

-0.1859

-3.46

-0.1835

-3.38

0.6422

2.81

0.6145

2.61

1.1635

7.01

0.5455

2.43

0.5090

2.22

0.4896

2.17

1.1098

6.58

1.0991

6.50

-0.9962

-8.17

-0.9000

-7.09

-0.5378

-5.17

-0.9960

-8.09

-0.9074

-7.09

-1.0074

-7.97

-0.5467

-5.17

-0.5219

-4.86

0.1813

1.18

0.0457

0.30

0.6413

6.06

0.1236

0.81

-0.0250

-0.17

0.1110

0.73

0.6326

5.85

0.6321

5.87

0.6379

6.97

0.4691

5.33

0.6067

14.16

0.7083

8.47

0.5366

6.86

0.7881

10.72

0.5537

13.68

0.5901

12.69

0.1068

1.91

0.0912

1.66

-0.1703

-3.98

-

-

-

-

-

-

-

-1.83

-0.0784

-1.22

-

-

-0.1378

-2.05

-0.0936

-1.46

-

-

-

-

-0.1228

-

-0.2458

-2.42

-

-

-

-

-0.2554

-2.54

-

-

-0.2753

-2.73

-

-

0.1020
-

1.60
-

-

-

-

-

0.3697
9.6708

4.70
7.14

0.5072
8.2757
358

6.55
6.44

0.3814
10.3057
310

4.83
8.08

0.5125
8.7265
358

6.61
7.05

0.3638
9.8395

4.55
7.49

9.8374
527

14.83

9.533

13.62

11.0722
527

15.58

527

310
-1850.27

-2185.51

-3436.86

-1852.09

-2186.90

310
-1854.14

-3444.52

-3443.24

19

19

22

19

19

19

22

22
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Table 4
Percent change in medical care and technology variables by country
Infant
mortality in
1970

Infant mortality
Physicians per Physicians per
Percent change
Percent change
in 1996
capita in 1970 capita in 1996

Australia
Austria
Belgium
Canada
Denmark
Finland
France
Greece
Iceland
Ireland
Italy

17.9
25.9
21.1
18.8
14.2
13.2
18.2
29.6
13.2
19.5
29.6

5.8
5.1
6.0
6.0
5.2
4.0
7.3
3.4
3.7
5.5
5.8

-67.60%
-80.31%
-71.56%
-68.09%
-63.38%
-69.70%
-59.89%
-88.51%
-71.97%
-71.79%
-80.41%

1.2 (1971)
1.4
1.5 (1971)
1.5
1.4
0.9
1.3
1.6
1.4
1.2 (1971)
1.1

2.5
2.8
3.4 (1995)
2.1 (1995)
2.9 (1994)
2.8
2.9
3.9 (1995)
3.0 (1994)
2.1
5.5

108.33%
100.00%
126.67%
40.00%
107.14%
211.11%
123.08%
143.75%
114.29%
75.00%
400.00%

Japan
Luxembourg
Netherlands
New Zealand
Norway
Portugal
Spain
Sweden
Switzerland
United
Kingdom

13.1
24.9
12.7
16.8
12.7
55.1
26.3
11.0
15.1

3.8
4.9
5.2
7.4
4.0
6.9
5.0
4.0
4.7

-70.99%
-80.32%
-59.06%
-55.95%
-68.50%
-87.48%
-80.99%
-63.64%
-68.87%

1.1
1.1
1.3
1.1 (1971)
1.4
0.9
1.3
1.3
1.4
1.3 (1979)

1.8 (1994)
2.2 (1995)
2.6 (1991)
2.1
2.8
3.0
4.2
3.1
3.2
1.6 (1994)

63.64%
100.00%
100.00%
90.91%
100.00%
233.33%
223.08%
138.46%
128.57%

18.5

6.1

-67.03%

United States

20.0

7.8

-61.00%

Average acute
care days in
1970
8.9
14.5 (1980)
15.6
9.4 (1976)
12.5
12.8
16.0
NA
7.2 (1989)
13.3
9.5 (1991)
NA
13.6 (1975)
18.8
NA
14.8
15.3
8.9 (1984)
11.0
15.0 (1975)
9.8 (1977)

23.08%
1.8 (1975)

2.6

Years in parentheses indicate year of data if not available for 1970 or 1996.
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44.44%

8.2

Average acute
care days in Percent change
1996
6.5
-26.97%
7.6
-47.59%
7.5
-51.92%
7.5
-20.21%
6.0
-52.00%
5.3
-58.59%
5.8
-63.75%
NA
NA
5.8
-19.44%
6.7 (1995)
-49.62%
8.4 (1995)
-11.58%
NA
NA
9.8
-27.94%
9.6
-48.94%
NA
NA
6.3
-57.43%
7.9
-48.37%
8.5
-4.49%
5.0
-54.55%
12.0
-20.00%
4.8
-51.02%
6.5
-20.73%
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Introduction
The object of this paper is to compare and analyse the road safety and traffic behaviour of
road users in selected countries- Estonia (EST), Finland (FIN), Czech Republic (CZE),
Hungary (HUN), United States of America (USA) and the Russian Federation (RUS) during
the last period.
USA has the highest motorization ratio in the world and together with Finland- also the
highest road safety characteristics. Czech Republic and Hungary have many similarities
because of the involvement in the former socialist block and relatively moderate road safety
level, while Estonia and Russian Federation were incorporated in the former USSR until early
nineties, thus road safety characteristics should be much improved.

1. Basic Data
The main road safety and economic indices of selected countries are based on official
statistics /1…10/ and presented in table 1.
Table 1. Main Road Safety and Economic Indicators in Selected Countries, 1999
Index
Population, 1000
Motor vehicles, 1000
Motor vehicles per 1000 pop.
Cars per 1000 pop.
Motor vehicle performance, mill.km
Fatalities (F)
Injuries (I)
F per 100 I
F per 1 million of population
F per 10,000 motor vehicles
F per 100 million veh.km
HDI, ranking

EST
1439
546
379
319
6377
232
1691
13.7
1.61
4.25
3.64
44

FIN
5171
2403
465
403
46010
431
9052
4.8
0.83
1.79
0.94
10

CZE
10278
4279
416
360
40300
1455
34710
4.2
1.42
3.40
3.61
33

HUN
10043
2619
261
225
26934
1306
24670
5.3
1.30
4.99
4.85
36

USA
272691
216309
793
497
4330358
41611
3236000
1.3
1.53
1.92
0.96
6

RUS
145559
23560
162
129
260000*
29718
182123
16.3
2.04
12.6
11.4
55

*- Estimated, official data is missing.

United Nations’ Human Development Report, 2001 /10/ indicates GDP and HDI (Human
Development Index), which takes into consideration average life time, public health,
education and income per capita. The ranking of selected countries (based on 1999 data) is
given in table 1.
After 1991, the motorization ratio (Figure 1) has been raised rapidly in all selected postsocialist countries. The increase of motorization level in the period 1991-1999 was 74% in
Estonia, 46% in Czech Republic, 13% in Hungary and even 91% in Russian Federation, when
it was 5% in Finland and 7.5% in USA (Figure 1).
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Figure 1. Development of Motorization Ratio.
Please note that injury data is not accruable for comparison. For example, when there were 78
injuries per fatality in USA (1999 data), then in Finland it was 21 and 24 in Czech Republic,
19 in Hungary, 7 in Estonia and 6 in Russia. The reasons for such big differences can be
different, like:
- Accident recording system’s accuracy;
- Share of voluntary (Casco) insurance;
- Road user behaviour characteristics;
- Use of passive and active safety devices;
- Speed limits and enforcement;
- Vehicle fleet quality;
- Road infrastructure quality, etc.
Figure 2 shows different rates of fatalities in road accidents.
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Figure 2. Fatality Rate in Road Accidents.

The differences in road safety situation between the selected countries are moderate (2.5
times) in population-based fatality rate, but high (7 times) in vehicle related fatality rate and
very high (12.5 times) in travel related fatality rate.
All countries have a visible progress in road safety. During the last decade (1990…1999) the
number of fatalities per 10,000 motor vehicles have been reduced from 13.8 to 4.2 in Estonia,
2.9 to 1.7 in Finland, 4.5 to 3.4 in Czech Republic, 11.0 to 5.0 in Hungary, 2.4 to 1.9 in the
USA and 29.3 to 12.6 in Russian Federation.
Although to this progress what the post-socialist countries have made in the last decade it is
still sufficient, that the experience of high-developed countries could be set as an example for
them. The deeper analysis is given in following.

2. Comparison Between Selected Countries
2.1. Motorization Level Based Comparison
It is usual to illustrate the fatality rate on graphs where one axis is time. These graphs give
results, that at certain period some countries have better safety index than others /11, 12/.
Actually the better analysis could be made when based on motorization level.

Fatalities per 10,000 motor vehicles

Even in high developed countries the safety level has been worse than today, as the safety
improvement takes place during certain period, in parallel with motorization development.
There are calculated safety levels for selected countries in the following, based on fatality rate
per 10,000motor vehicles from one hand and fatality rate per 100 million vehicle km on the
other hand, during a long period.
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Figure 3. Vehicle Based Fatality Rate Development in Selected Countries.
Figure 3 shows the decrease of vehicle fleet based fatality rate (F/V) by increase of the
motorization. We can conclude that:
- Estonian and Finnish developments have similar trends during the period of
motorization change from 50 to 200 vehicles per 1000 inhabitants;
- When the motorization level in the USA was 200 to 465, the safety level was much
worse than in Finland and comparable to that in Estonia;
- Russian Federations F/V ratio is a little worse than in Estonia during the same
motorization;

-

Hungarian F/V ratio is a little worse and Czech data is some better than in Finland
when the motorization is the same.

To determine the rate of decrease of F/V ratio the correlation models have been calculated as
follows:

F/V= a * Mb
Where
M is motorization level (motor vehicles per 1000 of population)
F/V is the number of fatalities per 10,000 motor vehicles
a, b are constants
Table 2. Regression Results
Country
USA
Finland
Estonia

a
22,798
106,418
1,394

b
-1.38
-1,76
-0,95

R2
0.91
0,94
0,79

Figure 4 shows the decrease of travel based fatal rate (F/T) by increase of the level of
motorization (M). This ratio illustrates well the safety indicators in every country, as the
mileage of the vehicle differ much during years (table 4).
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Figure 4. Travel Based Fatality Rate Development in Some Selected Countries.
From the figure 4 appears that:
- F/T ratio on different motorization is some 1.5-2.5 times worse in post-socialist
countries as well as in the United States than in Finland;
- F/T level in Finland and USA is getting near to the saturation level;
Based on F/T and M data during 1940-99 of the USA, 1965-99 of Finland and 1970-99 of
Estonia the model has been fitted as follows:

F/T= a * Mb
Where
M is motorization level (motor vehicles per 1000 of population);
F/T is the number of fatalities per 100 million vehicle kilometres;
a, b are constants.

Table 3. Regression Results
Country
USA
Finland
Estonia

a
73092
50337
592

b
-1.648
-1.744
-0,827

R2
0.90
0.92
0.72

Figures 3 and 4 show that there has been a consistent reduction in F/V and F/T rates. The
curves as a vehicle based spatial rate of J.C.Mollett /11/ show “how a country has learned to
cope as threat of traffic has grown”.
A country can learn in many ways:
- Drivers might learn how to drive safer;
- Road users can voluntarily use available active and passive safety devices;
- Using carefully planned and enforced speed limits and other limitations, influencing
safety behaviour;
- Developing the punishment systems, e.g. increasing penalties for drinking and
driving;
- Using the best knowledge of safer road engineering measures, as well as developing
the medical care and law enforcement methods;
- Using more finances on road renovation and black spot elimination, etc.
The introduction of all the measures takes time and money, thus one country cannot jump
over this stage quickly. When more developed country, then higher motorization, also
financing of road safety measures is easier as well as financing the infrastructure development
projects.
Presented here models can also be used for forecasting the potential number of fatalities
depending on the forecast of motorization.

2.2. Economic Comparisons
The main indicators of GDP per capita, gasoline prices and performance rates are presented in
table 4.
Table 4. Economic Indicators, 1999
Index
GDP, USD per capita
/10/
Price of 1l unleaded
gasoline, USD
Share of 1000 l gasoline
from GDP, %
Performance per 1 inh.,
km/year
Performance per 1
m.veh., km/year

Country
EST
FIN
8 355
23 096

CZE
13 018

HUN
11 430

USA
31 872

RUS
7 473

Ratio,
Max/min
4.3

0.56

0.92

0.75

0.80

0.33

0.35

5.1

6.7

4.0

5.8

7.0

1.0

4.7

7.0

4 430

8 900

3 890

2 680

15 880

1 790

8.9

11 550

19 150

9 350

10 280

20 020

11 000

2.1

The different GDP per capita and the share of gasoline price from GDP have an effect on car
ownership level and performance rates. The share of gasoline price is especially high in
gasoline exporting countries, as well as in Czech Republic and Hungary.

2.3. Accident Location
All the selected countries are relatively highly urbanised. When dividing the fatality data by
the location, we get results as follows:
Table 5. Fatalities Location, 1999
Location
Urban areas
Rural roads
Total
%, Urban areas
%, Pedestrians killed
in urban areas
Population in urban
areas, %

EST
54
178
232
23.3
13.8

FIN
102
329
431
23.7
7.0

CZE
584
871
1455
40.1
14.4

HUN
572
734
1306
43.8
19.2

USA
15,894
26,180
41,611
38.2
8.1

RUS
15,517
14,201
29,718
52.2
29.6

69

81

78

64

76

73

The share of urban fatalities and pedestrian deaths in Russian Federation is remarkably
higher, probably because of speed limit of 60 kph in urban areas, when all other selected
countries have introduced the speed limit of 50 kph. The share of urban fatalities was high
(1998) in all countries that still have urban speed limit of 60 kph- like Belarus (43%, Poland
49%, Ukraine 61%, Kazakhstan 74%). The share of pedestrian deaths in urban areas of all
fatalities was 26% in Belarus, 29% in Ukraine and 51% in Kazakhstan, when other selected
here countries have this ratio around 8…19 per cents.
Reducing the speed limit from 60 to 50 kph can reduce the number of accidents and
especially their severity, according to Ashton’s curve.
The fatality rate per 100 million km driven was as follows in 1999:
- On urban streets: 2.53 in Estonia and 0.64 in Finland;
- On rural roads: 4.2 in Estonia and 1.1 in Finland.
Thus the urban road accidents can be considered to play an important part in the road safety,
especially in post-socialist countries.

2.4. Fatalities by Road User Groups

Fatalities per 100 mill.veh.km
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Figure 5. Number of Fatalities by Road User Groups per 100 Million Vehicle Km

The pedestrian indices are significant in all post-socialist countries. The pedestrian behaviour
in these countries is very risky both on urban and rural roads. Drunken walking, red light
infringement, road crossing in prohibited locations, walking on right side shoulder,
insufficient use of reflectors, and other risky behaviour is very common.
The comparison of fatalities of bicyclists, moped drivers, and motorcyclists is difficult as a
lack of basic data, needed for comparison, including the ownership and mileage data. The
bicycle ownership in Finland is found to be 625 per 1000 of population, thus in post-socialist
countries this ratio has been estimated to be 50…150 per 1000 inhabitants. The travel fatality
rate in these countries is much higher than in Finland.
The fatality travel rates of vehicle occupants (drivers and passengers) is also bad, when
comparing the data of post-socialist countries with Finland and USA., but the difference is
less than of pedestrians.

2.5. Fatalities by Age Groups
Figure 6 shows the number of fatalities per 100,000 inhabitants by age groups as an average
of years 1997-1999.
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Figure 6. Number of Fatalities by Age Groups per 100,000 Inhabitants
Elderly, over 64 are often victims in road accidents. Relatively highest share of old people is
in Finland, with 26% of all fatalities, when in other selected countries this number is between
9 and 19 per cents.
The population-related risk of fatal road accidents is particularly high for age groups 18-20
and 21-24. In the United States the share of age group of 15-17 is 6.2%, when 2-5% in all
other selected countries. The young novice drivers (the licence age in USA is 15…17 years in
several states), thus passengers meet particularly high risk especially when driving at
weekend night.

2.6. Fatalities by Collision Types
There are fatality data of collision types in table 6 /1/.
Table 6. Share of Fatalities by Collision Types, %
Collision type
Pedestrian
accident
Single vehicle
accident
Collision
between motor
vehicles

EST
35.3

FIN
15.6

CZE
22.9

HUN
30.3

USA
11.9

RUS
41.4

36.2

30.6

34.2

13.3

42.1

23.5

28.5

58.8

42.9

56.4

46.0

35.1

The most common accident type in Russian Federation is pedestrian accidents, in Estoniasingle vehicle accident, in other countries- accident between motor vehicles. The differences
between collision types differ essentially among the countries.
Figure 7 shows the number of fatalities by collision types per 100 million vehicle kilometres.
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Figure 7. Fatalities by Collision Types
Maximum and minimum travel related fatality rates differ much:
- 39 times for pedestrian accidents;
- 9 times for single vehicle accidents;
- 9 times for motor vehicles’ collisions.

3. Road Users Behaviour
3.1. Drinking and Driving
Drinking and driving is one of the most problems involved in road accidents in all countries,
where the alcohol consumption is legal. In selected countries the following blood alcohol
concentration levels (grams per litre or per mill) are introduced: Estonia 0.2, Finland 0.5 (but
the discussion is going on to introduce the 0.2 level), Czech Republic, Hungary and Russian

Federation 0.5. In the USA there are introduced 0.8 level in 19 states and 1.0 level in 31
states, when 0.2 level is the limit for drivers under 21 years in all 50 states.
In spite of this, drinking and driving is still remaining to be very serious problem in all
countries, playing a part of 26% of fatal accidents in Estonia and Finland, 11% in Czech
Republic, 10% in Hungary, 38% in USA and 20% in Russian Federation. If the share of
alcohol related accidents in Czech Republic and Hungary (which are mainly wine and beer
countries) can be qualified as moderate, then Estonian, Finnish and Russian numbers are
critical, also when in USA the drinking and driving is one of the most serious problems.
Although there is a real progress happened in USA as the share of alcohol related accidents
has decreased from 57% in 1982 to 38% in 1999.
According to the Traffic Safety Facts 1999 /9/ in USA alcohol involvement in fatal accidents
was 8% by BAC level of 0.1-0.9 pre mill and 30% with BAC level of 1.0 or more. From all
fatalities happened in night time (6 p.m. - 6 a.m.) even 71%. For fatal crashes occurring from
midnight to 3 a.m., 75% involved alcohol. For male US drivers in fatal crashes BAC level
was over 0.1 per mill in 46% of cases, for female drivers only 24%. The most drinking and
driving age group was 21 to 24 years old, where 63% drivers in fatal crashes had BAC level
0.1 per mill or more. In different states of the USA the licence suspension or revocation terms
are different and can be from 30 days up to 10 years! /9/.
The most effective countermeasures against drinking and driving are total enforcement and
drivers’ testing with BRT in parallel with forced punishments. The alcoholic beverage sale
time limitations can also reduce the share of road accidents under the influence of alcohol.

3.2. Speed Limits
There are introduced different speed limits in selected countries (Table 7) .
Table 8. Speed Limits, kph
Type of road
Streets, regular
Highways, regular
Motorways: Cars
Buses
Vans < 3,5 tons
Trucks > 3,5 tons

EST
50
90 2)
-

FIN
50
80
120 3)
80 4)
80
80

CZE
50
90
130
100
100
80

HUN
50
80
120
80
80
80

USA
48 1)
88-104
=< 120
88
=< 120
88

RUS
50
90
110
90
110
90

Remarks: 1) on arterial streets 72 – 80; 2) on selected highways in summer 100 or 110;
3) in winter: 100; 4) for special buses: 100.

Tue the higher speed limit on regular highways it will be unable for Estonia, Czech Republic
and Russian Federation to reach the road safety level common for Nordic countries, where the
speed limits are 70-80 kph.
As was shown in part 2.3 urban speed limit 60 kph caused high share of fatalities, especially
by accidents between vehicles and pedestrians. Until today the urban speed limit 60 kph is in
use mainly in post-socialist European countries: Ukraine, Belarus, Lithuania, Georgia,
Moldova, Azerbaijan, Poland, Slovakia, Bulgaria and Slovenia where 50 kph was used some
years.
After the introducing of a speed limit 50 kph on Estonian streets in 1992 the share of urban
fatalities decreased from 48 % to 23 % in 1999. In Czech Republic 50 kph speed limit was
introduced in 1994, in the next year the number of fatalities in urban streets decreased by 111
persons but the increasing of speed limit on motorways from 120 to 130 kph increased

fatalities by 18 persons /16/. In the Central Area of Helsinki (34 km2) in 1992 the speed limit
40 kph was introduced instead of the speed limit 50 kph. As a result the number of pedestrian
fatalities and injuries decreased by 38 %.
The low cost countermeasure, reducing the speed limit on urban roads with law act has a great
positive influence to the road safety.
In USA all states have their own statues related to speed, which regulates statutory maximum
and minimum speed limit, violations and sanctions. In 1999 the number of speeding-related
fatalities was 12 628 or 30,4 % of total and they caused 28 billion dollars loss /9/.

3.3. Use of Seat Belts
In California during 1958 special studies showed that only about 3 % of cars involved in rural
traffic accidents were equipped with seat belts, and further that only about one-third of those
persons having seat belts available for them were actually wearing them where the accident
occurred.
Wearing seat belt in cars became compulsory for drivers and front seat passengers in Estonia
in 1973 and in Finland in 1975, for rear seat passengers in 1987 in Finland and in 1992 in
Estonia. In Czech Republic the seat belt wearing regulation is from 1989. In the states of USA
plus DC and Puerto Rico have safety belt using laws differently from years 1984 to 1995. In
37 states of 50 the law demands the use of seat belts only in front seats. The fee from ignoring
the law is between 10 to 50 dollars. The seat belt use research results are presented in table 8.
Table 8. Use of Seat Belt

Position

Estonia,
1999

Front seat
Rear seat
Total

65
11
…

Finland,
1998 /17/
Urban
Rural
84
93
72
72
…
…

Czech Republic,
2000 /16/
Urban
Rural
Motorway
48
61
81
13
16
23
…
…
…

USA,
1999
/19/
…
…
67

The Czechs and the Finnish results show that on the roads with higher speed limits people
tend to use seat belts more frequently.
Accident registration data shows that the use of seat belts in Estonia in accident situations
reaches 48 % for drivers, 44 % for front seat passengers and 19 % for rear seat passengers. In
USA in 1999 there were 20818 passenger car occupants killed, only 40 % of them were
restrained.
The use of seat belts can reduce the fatality risk about 40 %. If the seat belt usage will reach
up the level of some 90 % (as in Nordic countries), the number of fatalities could be reduced
annually by 0,4* (90%- 40%) = 20%.
Many drivers have taken off the front seat head restraints or these are in too low position. As
a result, there are lots of fatalities and injuries, resulting by changing the victims into
wheelchairs for the rest of their life.

3.4. Wearing of Helmet
The mandatory use of motorcycle helmets was introduced in the states of USA in 1967-1972,
in Estonia in 1973 and in Finland in 1977.
The mandatory use has been followed in Estonia and in Finland fast perfectly. In USA 21
states require helmet use for all riders, 26 states have repealed helmet use mandatory in
seventies, except for persons less than 18 years of age, three states do not require helmets at
all.
In 1999 2472 motorcyclists were killed in USA, 52,6 % of them wore helmet.
While there are any mandatory for bicyclists, the share of helmet users in Finland has risen
from 4 % in 1990 to some 23 % in 1998 /17/.

3.5. Perceptual Survey of Estonian Road-User Behaviour
An important step in implementation strategies to achieve the national goal of decreasing the
number of motor vehicles fatalities in half is determining how the general public feels about
current road use behaviour and how it has changes in recent years. To this end a survey was
designed and administered.
Trained surveyors randomly selected and interviewed 655 subjects. The survey was
conducted numerous locations throughout the country during the months of May and June
2001.
There were 20 questions asked of road users (drivers and pedestrians). The first part of the
asked about the subject’s perception of road-use behaviour and the second part inquired about
how conditions have changed during the last year. The subjects were asked about mandatory
circumstances covered by national traffic laws including:
- Headlights use (during 24 hours a day);
- Turning signal use;
- Giving way to pedestrians in zebra-crossings;
- Red signal adherence (by pedestrians and drivers) at signalised intersections and
crossings;
- Drinking and driving (the BAC limit in Estonia is 0.2 per mil);
- Speeding (urban and rural roads);
- Seat-belts use (front and rear seats);
- Child-restraint use;
- Use of pedestrian reflectors on rural roads;
- Road safety behaviour in general.
3.5.1. Survey Results
The average scores for the questions asked range from 2.6 for rear-seat-belt use (Table 9) to
4.11 for daytime use of driving lights (the scale ranged from 1 for very bad to 5 for very
good). Conversely the front-seat use of seal belt is not seen as a problem nor is the mandatory
use of reflectors carried by children on rural roads. Other problem areas are drunken driving
and speeding on rural roads.
It is evident that since 3.0 is the median value on the scale used in this study and the a rating
of good is assigned a value of 4.0, there is considerable improvement possible on all the items
asked but in particular on those that scored less than 3.0 (Table 9).

3.5.2. Differences in Survey Results by Demographic Characteristics
There are sharp differences between some demographic groups and not between others.
These differences are useful in developing strategies for targeting the respective groups.
Gender Differences
As a whole there are not great differences between males and females although females
tended to give higher marks on most items. The greatest difference was for speeding though
females felt it was more satisfactory in the city and males felt there was better adherence on
rural roads. These were the only two items in which the difference was more than 0.1. More
typical was the perception of overall road-use behaviour, 3.23 for males and 3.20 for females
for a difference of only 0.03.
Age Differences
In the study the greatest differences were age based. For many of the 14 questions the
differences were close to 1.0 or greater. The largest difference was for red-signal adherence
by pedestrians, scoring a 2.29 for those over 65 but 3.55 for those under 18. There seems to
be a generational difference in the importance of adhering to pedestrian signals. The young
also feel that children are adequately restrained in vehicles and the elderly do not. These are
most of the questions show a correlation between age and the ratings assigned.
Differences by Education Levels
Unlike age, education levels seem not to effect the perception of road-use behaviour. Most of
the questions have a range of 0.3 or less. Adult pedestrians find the greatest ranges for
pedestrian adherence to red signals and the use of reflector.
Difference by Driving Experience
As with education levels achieved, driving experience has very little effect on the range in the
mean response values. Most of the mean values varied by less than 0.2 daylight use of
driving lights scoring the greatest range. Those with less than two years of driving experience
gave a mean score of 4.25 while those without licenses had a mean score of 3.86. Although
the difference is only 0.39 it may suggest that young drivers adhere to the requirement but
those that do not drive believe there is considerable room for improvement.
Table 9. Road User Opinion Survey Results
1 Usage of seat belts, back seat
2 Drinking and driving
3 Speeding on rural roads
4 Giving way to pedestrian at zebra-marked crossings
5 Usage of pedestrian reflectors by adults
6 Speeding, urban areas
7 Red signal infringement by pedestrians
8 Overall road-use behaviour
9 Turning signal usage
10 Red signal infringement by drivers
11 Usage of children restraint systems
12 Usage of seat belts in the front seat
13 Usage of pedestrian reflectors by children
14 Daytime usage of driving headlights

Average Rating
2.64
2.80
2.87
3.05
3.10
3.15
3.21
3.21
3.43
3.78
3.89
3.93
4.03
4.11

Change Index
+0.18
-0.24
-0.44
+0.31
+0.52
-0.30
-0.08
+0.20
-0.08
+0.22
+0.97
+0.75
+1.12
+0.68

3.5.3. Field Observations
The information on the perception road-use behaviour is supplemented with field monitoring
of actual behaviour. Such data collection is not only useful in developing strategies to
improving driving practices but it can be used as a baseline for temporal studies in the future.
Field Data Collection
During the field study several behavioural aspects were studied:
- Headlights use (during 24 hours a day);
- Turning signal use;
- Yielding to pedestrians at zebra crossings;
- Red signal adherence (by pedestrians and drivers) at signalised intersections and
crossings;
- Speeding (on rural roads).
Special effort was extended to achieve a representative sample, thus the sites were located
both on rural roads and urban streets and intersections in different cities. Trained observers
were used, for some studies video recording was found to be suitable. Speeding data was
collected using automatic speed-surveillance devices.
Red-Signal Violations
Running red lights has been long recognized as a serious problem. Even though in this study
only 1.6% of the 15,276 vehicles observed during a total of 28 hours were found to run red
lights each could have potentially resulted in an accident. This describes approximately 245
vehicles.
As may be expected pedestrians routinely ignore red lights. Just over a quarter of the
pedestrians were witnesses crossing against the signal. This is a relatively high percentage
given that it is legal to cross at most intersections nearly half of the time. The road users (both
drivers and pedestrians could be punished by a fine, which is equal to 1 to 10 minimum daily
allowances (now 53… 530 EEK or 3…30 USD).
Use of Running Headlights and Turning Signals
The violations for using running headlight and using turning signals were similar to the
pattern for red-light violations. 1.8% of the motorists were observed without their headlights
turned on and over a quarter of the turns were performed without using a turn signal.
Yielding to Pedestrians
Since 39% of the motor vehicle accidents involving pedestrians it is imperative that motorists
pay attention walkers. Pedestrians are particularly at risk and steps need to be taken to protect
their use of streets and highways. The enforcement of pedestrian rights in crossings is an
important step.
Speeding and Gaps between Vehicles
As a whole speeding and tailgating do not appear to be serious problems. While
approximately 20% of the drivers exceed by 10% to 20% in 90 kmph zones, the proportion
that exceed the limit but more than 20% is relatively small, 4.6%. On divided highways
where the limit is 110 kmph those exceeding 120 is only 2.8%. While speeding cannot be
condoned and enforcement is essential, the violations are not nearly as indicative of unsafe
driving as shown by their respect for pedestrians.
Again the percentages were low but 2.8% of the 37,384 vehicles observed translate to over
1000 vehicles. During the one-week period of data collection this is well over one hundred

cars per day. Enforcement at this site would potentially decrease violations in this local but as
studies have shown more than one officer at a site is necessary to have a wide effect.
The pattern of gaps between vehicles is rather similar at both 90 kmph and 110 kmph zones.
Even if the traffic volume is relatively moderate (average AADT is about 7500 vehicles per
day) the number of drivers is using small gaps between the vehicles, thus causing a danger of
rear end collisions. It is generally expected that a time gap of two seconds should be
considered as unsafe, thus almost 10% of drivers are using gaps less than 2 sec and 2% even
less than 1 sec, which is considered as unsafe driving in Estonia.
Table 10. Results of Field Observations

Road-Use Behaviour

Subject

Running a red light

Drivers

28

13

15 276

1.6

Violating signal

Pedestrians

20

10

6 388

26.2

Use of running headlights

29

18

10 704

1.8

Use of turning signal

36

18

9 461

29.8

Yielding to pedestrians

31

17

4 565

69.6

100-110 kmph

168

1

44 898

20.5

110-120 kmph

168

1

44 898

3.8

Speeding

Observed

No. of
No. of Percent
observed No.of road users ignoring
hours sites observed rules

Speed limit 90 kmph

“

"

“

"

“

Speed limit 110 kmph

“
Small-time gaps
between vehicles

"
Speed limit 90 kmph

> 120 kmph

168

1

44 898

0.8

110- 120 kmph

168

1

37 384

18.8

> 120 kmph

168

1

37 384

2.8

<= 2 sec.

168

1

35 024

8.13

“

"

<= 1 sec.

168

1

35 024

1.89

“

"

<= 0.5 sec.

168

1

35 024

0.68

<= 2 sec.

168

1

31 104

6.38

“

Speed limit 110 kmph

“

"

<= 1 sec.

168

1

31 104

1.36

“

"

<= 0.5 sec.

168

1

31 104

0.42

4. Conclusions
The results presented above indicate remarkable differences between post-socialist and highdeveloped countries in road safety situation, motorization level and living standard (GDP per
capita) and relative fuel price.
The progress and experience of the high-developed countries could be set as an example for
the post-socialist countries. The analyse (presented in p.2.1.) shows that the differences will
decrease parallel with harmonization between countries in motorization level, but it takes
time.
The main problems of road safety in post-socialist countries are:
-

Post-socialist countries must reduce the number of traffic fatalities and severe injuries. In the
first stage the increase of using passive safety equipment in parallel with speed control (50
kph for urban streets) should be put on the first priority. The costs of these measures are
minor;

-

Change of road users (especially pedestrians) attitudes towards the road safety should
be developed;

-

Meaningful sanctions against some drivers (especially novice drivers) playing the
main role in unsafe (speeding, drinking and driving, lack of skills) must be used;
Wrong attitudes of the society in general towards the road safety must be considered
as a national health problem;
USA’s main problem seems to be drinking and driving plus the high number of slight
road accidents and injured road users.

From a comparison of the (vehicle based) fatality rates of the selected countries it is clear that
the fatality rates in post-socialist countries are much higher than in the high-developed
countries.
The socio-economic data shows the development and car using conditions in post-socialist
countries are in much lower level than in high-developed countries.
The relationship between fatalities per 10 000 motor vehicles and motorization level is valid
for all selected countries and rapid changes are difficult to forecast.
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Development of cross-border traffic between Russia and Finland
One of the most significant changes that took place in Europe in the 1990's was the collapse
of the Soviet Union. The liberalisation of political and economic conditions increased
dramatically traffic volumes between Russia and Finland. Mixing two different traffic
cultures did not happen without problems.
RUSSIA - THE EASTERN NEIGHBOUR OF FINLAND

THE THREE MAIN TRANSIT POINTS BETWEEN
RUSSIA AND FINLAND
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Figure 1: The distance between Moscow
and Helsinki by road is 1 100 km

Figure 2: The three main transit
points between Russia and Finland

I review mainly the development of traffic between Helsinki and the eastern border focusing
on the southeastern frontier transit points. Problems caused by heavy vehicles are accentuated
in this traffic.
In 1992 more than 100 000 cars entered Finland from Russia. In 1996 the number was tenfold and in 2000 almost 1,5 million cars, respectively. The number of persons crossing the
Finnish - Russian border annually totalled in the beginning of the 1990's about 1 million, in
the mid 1990's already 4 million and in 2000 more than 5,6 million persons.
The number of trucks entering Finland has increased ten-fold during the past decade. On the
other hand, the number trucks entering Russia from Finland has grown 20-fold during the
period 1990 - 1997. Finnish truckers, however, have been dissatisfied, since their freight
volumes have collapsed to a half during the1990's, while the respective figures for the
Russian truckers have grown from 30 to70 percent of the total volume. Problems concerning
the carriage licences, fees and tolls of heavy transports have occupied the Ministry of
Transport and Communications most of the 1990's.

Due to different historical, political and economic development Finnish and Russian societies
are very different. The differences are manifest already in the alphabet when Russia adopted
the Cyrillic system and Finland the Latin system. Attitudes towards traffic and transportation
are also different in a country having its roots in socialism and collectivism compared to a
Western welfare state based on market economy. Even though Russia and Finland have by
and large the same traffic rules, there are, nevertheless, essential differences in traffic
behaviour.
Opening up the borders and the facilitation of border formalities were undoubtedly very
positive changes. They were, however, followed by various kinds of side effects. Especially,
in the beginning of the 1990's the increase in traffic between Russia and Finland was regarded
as also transporting Russian criminality over the border to Finland. Great differences in the
standard of living between the two countries were seen as fostering different forms of
criminality. The increase of traffic made the smuggling of alcohol, cigarettes and later, drugs
a large-scale business.
The annual doubling of cross-border passenger volumes jammed checkpoints and some main
highways in southeastern part of Finland. Finnish businessmen and tourists were time to time
exasperated at the unpredictability and bureaucratic attitude of Russian authorities. Crossing
the Russian border took frequently tens of hours, and vehicle queues stretched out as far as 15
kilometres. Finns trust the police more than any other institution in the country. For citizens
living in the least corrupted country in the world it has been very difficult to understand the
working methods of a corrupted administration.
THE 2001 CORRUPTION PERCEPTIONS INDEX
THE TEN LEAST CORRUPTED
COUNTRIES

Country Rank Country
1.
2.
3.
4.
4.
6.
7.
8.
9.
10.

Finland
Denmark
New Zealand
Iceland
Singapore
Sweden
Canada
Netherlands
Luxembourg
Norway

Index
9.9
9.5
9.4
9.2
9.2
9.0
8.9
8.8
8.7
8.6

RUSSIA AND SOME OTHER EASTERN
EUROPEAN COUNTRIES

Country Rank Country
28.
34.
38.
44.
47.
51.
59.
79.
83.
84.

Estonia
Slovenia
Lithuania
Poland
Czech Republic
Slovak Republic
Latvia
Russia
Ukraine
Azerbaijan

Index
5.6
5.2
4.8
4.1
3.9
3.7
3.4
2.3
2.1
2.0

Source: Transparency International

Figure 3: Finland is regarded as the least corrupted country in the world.
From the traffic safety point of view two groups were clearly distinct from the rest of road
users. Especially, in the beginning of the 1990's the condition of trucks and lorries was
miserable. In targeted intensified inspections of heavy vehicles sometimes more than a half of
the vehicles did not meet Finnish traffic safety requirements and were classified as unfit for
traffic. Usually, the main cause was defective or even missing brakes. Also bad tyres were

2

often a cause for intercepting the travel. Other frequent defects were fractures and corrosion in
the vehicle body. Another distinct problem group was fairly young drivers transporting cars
from Finnish harbours to Russia. These drivers did not observe speed limits or overtaking
rules.
When Finland joined European Union in the beginning of 1995, the border between Russia
and Finland became also the eastern border of EU. The membership also increased the
number of obligations for Finland in controlling traffic in the eastern border.
Prejudices towards Russians dating back to our common history are also reflected today to
some extent in the opinions of Finnish drivers towards Russians in traffic.
Road users' views on Russian drivers in Finland
The strongest growth of traffic between Russia and Finland took place during the years when
the growth of traffic exposure was slight and, actually, was decreasing for some time. Partly
due to the severe depression in Finland when economic activity was low, traffic safety
situation was improving in the first half of the 1990's. When this development is assessed in
the context of the above mentioned prejudices and some criminal activities after the borders
were "opened", it is fairly easy to understand the way Finnish media was treating Russian
drivers in Finland.
Accidents Russian drivers were involved in received wide media coverage both on local and
national papers. A fatal traffic accident caused by a Russian truck driver received sometimes
ten-fold space on a newspaper compared to a respective accident caused by a Finnish driver.
Faithful to their style, the yellow press always repeated and reviewed the earlier accidents
when reporting on the latest accident. Those who were involved as a second party or only
narrowly escaped the accident described vividly the horrors of these accidents both on TV and
on newspapers. Also traffic enforcement targeted to Russian drivers were popular themes on
newspapers. The third favourite topic of the media was the problems heavy traffic
encountered when crossing the Russian border and when dealing with Russian customs
authorities. Queues of trucks were shown on TV from all possible angles.
The following five examples of headlines from selected Finnish papers illustrate very well the
way Russian drivers were treated in the media:
•
•
•
•
•

December 1993: "Russian cars make a formidable risk in traffic"
April 1994: "Russian roulette played on the highway number 6"
August 1996: "Every other Russian truck was sent back in the targeted brake inspection
on Vaalimaa border checkpoint"
September 1996: "There is a Russian death-rally going on along Vaalimaa road"
January 1998: "Horror on highway E18".

An image was created that foreign drivers are the greatest safety risk on Finnish roads. Local
politicians called for strict measures from their MP's and responsible ministers. Relevant
authorities drew up explanations and statements to answer the queries several MP's posed.
Based on even sporadic statistical evidence, it turned out that Russian drivers are by no means
the kind of traffic safety problem as suggested by the media. When political decision-makers
received this information from the responsible civil servants, their opinion was that civil
servants are now downplaying the problem.
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Especially, interest groups in trucking and transportation business called for very strict
measures for controlling Russian drivers. There were pouring in The Ministry of Transport
and Communication calls for measures from various interest groups of transportation
including the labour organisation of trucking business. This interest group set in the fall 1996
a loading boycott against Russian trucking companies.
Traffic accident risk of Russian drivers on Finnish roads
It is generally assumed that foreign drivers have a higher overall risk for a traffic accident that
those living permanently in the country. Some studies and international statistical
comparisons lend support to this hypothesis. The assumed higher risk is explained by the
differences in traffic cultures. However, there are essential differences rather between
individual drivers and these can be ascribed to motivational and skill factors. Nordic
countries, including Finland are ranked among the best countries in terms of traffic safety.
Traditionally, this has not been the case with the Eastern European countries.

COMPARASION OF ROAD SAFETY IN CERTAIN COUNTRIES 1998
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Figure 4: Traffic safety level varies a lot in countries having different traffic cultures.
A Finnish study*) assessed the traffic safety on roads in south-eastern part of Finland in 1992
- 1995, when there happened annually 28 - 60 traffic accidents involving a foreign driver. The
study is based on a number of assumptions, and that is why the results need further
corroboration. Since traffic safety problems for Russian drivers are accentuated in that part of
Finland, it can be assumed that the situation is better elsewhere in the country. The conclusion
based on the method used in the study was that the risk of getting involved in an accident is
for Russian drivers 2 - 3 -fold compared to that of Finnish drivers. Provided the same
*)

Pekka Leviäkangas: Accident Risk of foreign drivers – the case of
Russian drivers in south-eastern Finland (1996)
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assumptions had been used for Russian drivers as for Finnish drivers, the accident risk for
Russian drivers would have been 5 – 7 -fold. Taking into account the number of automobiles
and the number of killed relative to population total, a crude calculation suggests that the risk
in Russia is roughly six times as high as in Finland.
ACCIDENT RATES OF FOREIGN AND FINNISH DRIVERS ON
MAIN ROADS OF SOUTHEASTERN FINLAND
200

Drivers in accidents / 100 mill. vehicle km
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150

118,6

100

87,7

50

51,4

47,6

43,7

0
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Foreign drivers

Main road 7

Finnish drivers

Source: Pekka Leviäkangas

Figure 5: The rates are average figures of the rates of individual road sections. Road No. 7
carries most of the foreign traffic and the majority of accidents have occured on it.
The study shows a marked difference in the distribution of accidents over time. Finnish
drivers are involved in accidents especially in summer months and in the turn of the year,
whereas Russian drivers meet with an accident especially during winter months.
The differences in accident risks between Russian and Finnish drivers were explained in the
study by the differences in attitudes, skills, condition of vehicles and differences in traffic
cultures. The following measures are proposed in the study to decrease the traffic accident
risk of Russian drivers in Finland:
•
•
•
•
•

increase traffic safety cooperation between Russia and Finland,
improve road network
improve winter maintenance of roads
improve traffic enlightenment
increase traffic enforcement.

It was also assumed in the study that while economic conditions are improving in Russia, also
the quality and condition of vehicle fleet will be improving accordingly. Moreover, it was
concluded that more effective driver education and vehicle inspection in Russia would also
increase safety situation on Finnish roads.
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It was correctly emphasised in the study that also other foreign drivers - not only Russian
drivers - have a higher traffic safety risk in Finland than local drivers. It was admitted in the
study that also Finnish drivers have various kinds of problems when travelling in Russia,
especially in St. Petersburg area. One positive finding in the study was that hardly any alcohol
involved foreign drivers show in the Finnish accident statistics.
Measures needed to improve safety
Authorities responsible for traffic safety became aware of the problems soon after the borders
were opened. In May 1993 representatives from the Ministry of the Interior, Ministry of
Transport and Communications, Border Guards and Customs agreed on the common action
lines on enforcing the traffic between Russia and Finland. The parties agreed on that both
vehicles, drivers and licences need to be inspected at border checkpoints. On the road,
moreover, observance to traffic rules, traffic signs, road markings and regulations concerning
driving time will be monitored.
The police bear the overall responsibility for traffic enforcement in Finland. The police,
however, are not permanently stationed at any border checkpoint in Finland. National Traffic
Police (NTP) organises from time to time joint operations with the Border Guards and the
Customs at border checkpoints. Vehicle inspection officers help the police in checking the
condition of vehicles and labour protection authorities help in the enforcement of driving time
regulations respectively. The Customs and the Border Guards carry out daily surveillance at
checkpoints. The police has provided with these authorities sufficient education and training.
Acceding to mutually agreed action lines the driving of a foreign vehicle is stopped in Finland
in case the vehicle does not meet the international regulations adopted in Finland or the
transportation does not have valid licences needed in international transportation.
Especially in the beginning traffic enforcement were hampered by communication problems,
confusion in the agreement (USSR/Russia) and defective registration and licence documents.
Enforcement of truckloads was also difficult, because registration documents were lacking the
information on the maximum total weight allowed prescribed in the Vienna Convention.
Insufficient enforcement resources and the lack of brake-dynamometers made also the
effective inspection of brakes difficult. NTP adopted in 1994 new personnel allocation
principles where 20 person years were allocated to the enforcement of traffic between Russia
and Finland. In 1998 traffic enforcement was made more effective by providing police
officers living quarters at the police station in Virojoki close to the border. Now it seems that
in spite the growth of traffic volumes across the border, the situation is fairly well under
control.
The problems caused by the traffic across the eastern border have been dealt with in several
projects over the past ten-year period. The project on the East-traffic by NTP listed in the
final report totally 25 concrete improvement proposals in 1994. The report by Finnish Road
Administration "Europe Road E18 in Finland" dating back to 1995 formed a basis for the
realisation of the expensive project having a high priority also in European Community. In the
same year the proposals put forth by the working group on border control issues by the
Ministry of the Interior were put into effect. The proposals by the Ministry of Transport and
Communications were completed in 1998, as well as the study carried out on the initiative of
the Provincial State Office of Southern Finland.
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According to the share of responsibilities adjusted in 1995, the Customs bears primarily the
responsibility for the surveillance of freight transportation, whereas the Border Guards
monitor passenger traffic at border checkpoints. When vehicles are entering Finland the
responsibilities for various control and inspection procedures is divided as follows:
Measure

Responsible
authority

1. Inspection of a driver's licence
2. Blood Alcohol Breath test
3. Inspection of a vehicle's registration docs.
4. Inspection of transportation licences
5. Inspection of insurance documents
6. Inspection of a vehicle's condition
7. Inspection of a tachograph
8. Inspection of a vehicle load
9. Inspection measures and weights
10. Surveillance of radar detectors

Border Guards
Border Guards
Border Guards/Customs
Customs
Customs
Border Guards/Customs
Border Guards/Customs
Customs
Customs
Border Guards/Customs

Checking the condition of a vehicle and the surveillance of radar detectors are efforts
conducted occasionally as random checks. A new and up-to-date border station was built both
in Vaalimaa and in Nuijamaa in the mid 1990's. The installation of fixed brake-dynamometers
at these checkpoints increased considerably the enforcement of the condition of vehicle
brakes. Also portable brake-dynamometer has been used in traffic enforcement in this area.
Possibilities to enforce smuggling more effectively increased when new X-Ray Scanning
Facility was taken in use in the beginning of 2000 in Vaalimaa.
Involvement of foreign drivers in traffic accidents
Traffic safety in Finland improved clearly during the 1990's. The number of traffic fatalities
decreased almost by 35 percent since 1990. In the beginning of the past decade there was no
breakdown of accidents by nationality in the official statistics. However, it was possible to
deduce driver's nationality with a great probability by identifying the country of vehicle's
registration. This statistics suggests that the number of fatalities caused by Russian drivers
vary from 2 to 6 persons annually. This equals roughly one percent of annual fatalities in
Finland.
Insurance companies receive about 100 000 accident reports annually. Drivers using a car
registered outside Finland cause 700 to 900 of these accidents annually. (Figure 10). The
same statistics shows that Russian drivers have caused in the years 1994 - 2000 from 120 to
300 accidents annually. Even though the number of accidents caused by Russian drivers
superseded that of Swedish drivers in 1998, the proportion of these accidents is only 0,3
percent of all accidents reported to the insurance companies.
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TRAFFIC ACCIDENTS INVOLVING RUSSIAN
DRIVERS IN 1994-2000
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by Russian vehicles
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Figure 6: The growth in the number of traffic accidents caused by Russian drivers ceased in
1998
Not even the increased traffic volumes of Russian cars in the southeastern part of Finland had
a significant impact on traffic safety. Even though the number of accidents grew in parallel
with the growth of traffic exposure in the mid1990's, the proportion of accidents involving a
foreign driver remained at the level of about 5 percent. A foreign driver was involved in 5 to
10 percent of fatal accidents in the southeastern part of Finland. Despite this figure the
proportion of traffic fatalities decreased more in the southeastern part of Finland than in the
whole country.
A mandatory use of a tachograph, a mandatory use of winter tyres and the steep decline of
Russian economy in the fall of 1998 have probably contributed to the positive trend shown in
the accidents of Russian drivers in Finland.
The facts shown by the statistics and the studies carried out indicate a completely different
trend as suggested by the media. As a traffic safety problem Russian drivers comprise a share
of less than 1 percent. Another positive finding is that the growth in the number of accidents
involving a Russian driver is less than the growth of traffic volumes. When the number of
Russian cars entering Finland grew 10-fold, the number of their accidents increased only by a
factor 3.
Changes in traffic climate and traffic behaviour
Trends in the traffic atmosphere, the so-called traffic climate have been monitored in Finland
during the past ten years twice annually by means of an interview targeted to car drivers. The
results suggest that traffic climate in Finland was developing favourably until the mid-1990's.
After that the traffic climate has deteriorated. Selfish way of driving, reckless overtaking,
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inflexibility at junctions - simply, bad driving generally is now as frequent as it was 10 years
ago. My interpretation is that it partly dues to the decrease in enforcement level in Finland
during the past years.
The opinions of Russian drivers concerning traffic in the southeastern part of Finland were
monitored in 1998 and in 2000. Generally, Russian drivers found traffic climate in that area
clearly better than did Finnish drivers. On the scale from 4 to 10, the Russian drivers issued
traffic climate a grade 9 on both the interviews, and the Finns issued 7, respectively. The
Russian drivers found less negative and frightening features in traffic than the Finns did. The
most significant observation was that both the respondent groups were of the opinion that bad
driving has been decreasing since the fall 1998. Moreover, the worries among Finnish drivers
concerning the driving style of Russian drivers and the condition of Russian trucks have been
considerably decreasing.
THINGS FOUND FRIGHTENING IN TRAFFIC
IN SOUTHEASTERN PART OF FINLAND
(1=Not at all, 4=Very much)
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Figure 7: Driving style and the condition of trucks were things in which the fears had
decreased most of all.
The other study carried out on May 2000 focused on the driving behaviour of both Russian
and Finnish drivers in Finland and in Russia. In addition to that, drivers' opinions on traffic
were surveyed. The study indicated that both the groups were exceeding the posted limits
much more frequently in Russia (80 %) than in Finland (5 %). The proportion of Finnish
drivers of those exceeding the limit was slightly greater than that of Russian drivers both in
Finland and in Russia. However, the proportion of so called roadhogs among the Finnish
drivers driving on the Russian side of the border was not greater than 12 %. Also the number
of overtaking in both the groups were compared. There were, however, no significant
differences between the two groups in this respect. In Finland every other heavy vehicle
driver exceeded the 80 km/h speed limit, whereas in Russia only one driver out of ten
observed the posted 70 km/h limit, respectively.
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More than a half of Russian drivers reported that they change their driving style when
entering Finland. The most important reasons for the better observance of traffic code they
mentioned better roads, clear traffic regulations, good traffic culture and heavy fines. Both the
Finnish and the Russian drivers found driving in Russia more frightening and more difficult
than in Finland.
Traditional old prejudices and the bad driving of some single travellers are perhaps the
reasons for the unjustified heavy criticism towards Russian drivers shown time to time in
Finland. The overall conclusion of the study is that Russian drivers behave well on Finnish
roads - partly even better than do Finnish drivers.
Conclusions
The studies and statistics I have used in my presentation indicate that traffic accident risk is
higher by default when driving abroad compared to travelling in the native country. The risks
caused by drivers used to a different traffic culture may be significantly reduced by jointly
taken well-planned and determined measures. Experiences we have gained in Finland suggest
that the measures having a positive effect on the traffic behaviour of foreign drivers can be
listed as follows:
1.
2.
3.
4.
5.
6.
7.

Targeted intensified information and enlightenment,
Improvement of traffic environment according to the needs of drivers,
Close cooperation between authorities across borders,
Reliable statistics and exchange of information between the authorities
Sharing responsibilities between authorities in an appropriate way,
Implementing commonly agreed action lines based on facts,
Maintaining sufficiently high risk of apprehension for traffic violations by means of
enforcement
8. Consistent use of sanctions.
The objective established by the Finnish authorities to reduce the number of traffic fatalities
below the level of 250 by the year 2010 presupposes also that the safety of Russian drivers
needs to remain at least on the present level. It is foreseen that the expansion of the European
Union to the East will increase traffic between countries having different traffic cultures. It is
advisable to anticipate the possible risks this expansion may cause to traffic safety and to
take the necessary precautionary measures well ahead of the change.
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ROAD SAFETY PROBLEMS IN GREECE
Anastasios Tsagklas, Civil Engineer
Head of Road Safety Office
TEL/FAX +30+106467723
Ministry of Environment, Planning and Public Works
(E,P & P.W)
GREECE

1. BACKGROUND DATA
Greece has an area of 131 957sq.Km. According to the provisional data of the recent 2001
census the population is 10.939.771 (it was 10.254.900 according to the 1991 census).
•

The countries road network has a total length of 115.000 Km of which:
10.000 Km are National Roads
30.000 Km are Provincial Roads
and 75.000 Km are Local Roads

•

According the statistics in the year 2000 there were more than 5 million vehicles in
Greece, split in the following categories:
Passenger cars
3.231.501
Trucks
1.070.408
Buses
28.249
Motorcycles (over 50 cc)
783.575

Mopeds (motorized bikes under 50 cc) are not included in these statistics. There are almost
1,6 million mopeds used mainly in the big cities to avoid urban congestion.
Only road accidents where damages (death and injuries) occur are registered by the Statistic
Service of the Traffic Police.
During the year 2000, a total of 22.952 accidents were registered in Greece. In the accidents
2.102 persons were killed and 32.482 were injured.
The total distance traveled in Greece has not been calculated since the last ten years. This
value (vehicles x Km) is based on rough estimates.

2. HISTORY OF ROAD SAFETY IN GREECE
The first road safety measures after the 2nd World War were practically taken in Greece by
the Highway Circulation Code published in 1959 (which became a law in 1962), as well as
by the establishment of the new traffic signaling and signing system in Athens.
After the Vienna (1968) and Geneva (1971 & 1973) Conventions for the road Signalization
and Circulation signed also by Greece, the above mentioned Code was replaced by a new law
in 1977.

The first statistic analysis of the road accidents was elaborated by the Ministry of E.P. &
P.W. in the early 80’s. The product of this analysis was the determination of black spots on
the national road network and the proposed short-term interventions, realized in the frame of
the Road Maintenance Programs (1985). In general, there was no special safety budgets. In
1986, the Year of Road Safety, Greece participated actively in the campaign initiated by the
European Commission.
Unfortunately, this systematic policy for the national infrastructure initiated by the Ministry
of the E.P. & P.W. did not find imitators among the partners and Authorities responsible for
the rest of the road networks (regional and local ones), as well as the other accidents’ factors
(drivers, pedestrians, vehicles, enforcement procedures etc.)
Therefore, no systematic road safety policy wad carried out in the last 80s and in the early
90s. The main co-ordination among the authorities and the ‘’third parts’’ competent for the
road safety responsible in Greece, was achieved during the elaboration of the new code of
1992 and during the intraministerial meetings aiming at the measures to be taken for the
prevention of the road accidents during holidays, when traffic flows are very high.
In 1994, with the initiative of the Ministry of the E.P. & P.W. THE WHITE BOOK of the
Road Safety was published by an appropriate committee of experts. At the same time the
Technical Chamber of Greece (T.E.E.) financed a similar Study of Road Safety and the 1st
Congress of Road Safety was held in Greece, co-organized by the Aristotelian University of
Thessaloniki (A.U.TH.) and the Ministry of E.P. & P.W.
These actions were the preliminary steps of another more important and mature action, which
was the establishment of a parliamentary committee, reinforced with experts of the
Administration, Universities and non-profit “third parties”.
The product of the above mentioned committee’s work was the report in depth on Road
Safety with Conclusions and concrete proposals, which were adopted by the Greek
Parliament, for the first time in the road safety’s history.
In October 1999 a Road Safety Office was established within the Ministry of E.P. & P.W.
with the aim to collect data and contribute to the planification of roadside measures to
promote Road Safety in Greece.
This office is still anticipating to be supplied with means and staff and to be promoted and
work as a Directory in the Ministry of E.P. &P.W.
The 2nd Road Safety Congress was held in Greece in the year 1998 and a new Traffic Code
has been published in the year 1999 replacing the old one of 1992.
An intraministerial committee on Road Safety was appointed by the Prime Minister in
January 1999.
The Committee is presided by the minister of public order. As members are appointed the
under secretaries of state in the Ministries of National Economy, Transport and
Communications, E.P.&P.W. (Environment, Planning and Public Works) and Public Health.
The main development in the field of Road Safety, the last two years was the development of
a “Strategic National Plan on Road Safety”. The plan was carried out by a team of the
National Technical University of Athens and completed in March 2001.

3. TRENDS IN THE ROAD SAFETY RECORDS OF GREECE
We think that the main data to evaluate the road safety level in the country are the data of
fatalities.
Not only the loss of life is the most painful consequence of road accidents but also fatalities
are the most easy data to be monitored with accuracy. Other data are often collected with
different methods. For example the existing data about severe and light injuries are not so
objective because the relevant officials have various views about the seriousness of the
occurring injuries.
In the period 1991-1999 the number of fatalities in the whole of the European Union (E.U.
including 15 countries) decreased by 25%. In the same time Greece experienced no reduction
at all and still remains a champion in fatalities among the E.U.’s countries.
The average number of fatalities in Greece in the last 6 years (1995-2000) has very small
variations
Table 1 : Absolute number of fatalities (1995-2000)
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The average number of fatalities between 1995 and 2000 were 2.161 per year with the
maximum and minimum varying only by 3%.
The data we use are the ones collected by the Traffic Police headquarters (not the CARE
database), because we consider them well kept and more handy.
The variation in the number of fatalities between the years 1995 and 2000 is very small so
what happens can be described as a remarkable accumulation of numbers around the average
2161.
Nevertheless the last two years (1999-2000) there was a substantial reduction of fatalities and
the number 2102 of the last year 2000 is a decades low. This can be related to the intensified
efforts of the country officials and especially the better enforcement but in no way can speak
for a downward trend since the time we experience the decrease is not enough. The trend can
safely described for the moment as “stabilization”.

Table 2 : Fatal road accidents
Total of deaths in road
accidents
Total fatal accidents
Total fatal accidents in
the National Highway
Road accidents’
percentage in the
National highway
Total fatal accidents in
the provincial Highway
Road accidents’
percentage in the
provincial highway
Total fatal accidents in
the local Highway
Road accidents’
percentage in the local
highway

1995
2149

1996
2175

1997
2141

1998
2229

1999
2181

2000
2102

Average
2163

1898
751

1900
773

1892
775

1980
778

1924
747

1866
736

1910
760

39,6%

40,7%

40,9%

39,3%

38,9%

39,4%

39,8%

433
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464

423
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22,8%

21,6%

20,5%

23,4%

22,0%

22,1%

22,1%

714

716

730

738

754

718

728

37,6%

37,7%

38,6%

37,3%

39,2%

38,5%

38,1%

3.2 Development of the number of dead people per vehicle
Taking for granted the substantial increase in the number of vehicles, the stabilization of the
average number of dead people is indeed an achievement.
In the past three years only, there was an approximate 30% increase in the number of
passenger vehicles in the country.

Table 3 : Number of vehicles and fatal accidents (per vehicle category)
1997
1998
1999
2000
Passenger
2.500.099
2.675.676
2.928.881
3.231.501
vehicles
1.347
1.415
1.346
1.336
Trucks
951.785
987.357
1.023.987
1.070.408
540
536
539
564
Buses
25.622
26.320
26.769
28.249
60
49
54
49
Motorcycles
insufficient data
710.775
783.575
(over 50cc)
371
401
410
409
Mopeds
insufficient data (total number around 1.600.000)
(under 50cc)
205
228
208
174

Table 4 : Number of fatal accidents per million of passenger vehicles
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The decrease in the number of accidents per passenger vehicle is substantial, as shown in the
corresponding table.
3.3 Use of safety belts and helmets
Since in all campaigns for the decrease of road accidents the primary concern is the use of
safety belt, we will concentrate on the record and evaluation of the use of safety belt, which
is the main element in the vehicle users’ passive safety.
The survey for the use of helmets is also very important in a country where the number of
motorbikes (motorcycles, mopeds) is so big (in 2000 the combined number reached the 75%
of the total number of passenger vehicles).
Another reason justifying the importance of the survey for the use of safety belts and helmets
is that no relevant statistical data is kept.
Due to the lack of other databases we used the records of the Traffic Police on the accidents’
cards. Victims (deaths – injured), drivers and passengers are stated on these cards as well as
whether they were wearing safety belts or helmets at the time of the accident.
Table 5 : Record of safety belt and helmet usage of road accidents’ victims

Drivers

Passengers

Wearing
Not
wearing
Total
Percentage
Wearing
Not
wearing
Total
Percentage

1995
3662
16895

1996
3836
16312

1997
3644
16753

1998
3876
17007

1999
3850
16549

1995-1999
18868
83516

2000
4821
14870

20557
17,8%
1917
8218

20148
19,0%
1886
8337

20397
17,9%
1665
8435

20883
18,6%
1663
8105

20399
18,9%
1675
7970

102384
18,4%
8806
41065

19891
24,5%
1806
6852

10135
18,9%

10223
18,4%

10100
16,5%

9766
17,0%

9645
17,4%

49871
17,7%

8658
20,9%

Annual fluctuation width of the safety belt and helmet usage in the period 1995-1999:
•
•

drivers (average 18,4)
passengers (average 17,7)

± 0,5%
± 1,2%

Variation of the year 2000 from the period 1995-1999:
•
•

drivers
passengers

+ 6,1%
+ 3,2%

From the data above the following conclusions are derived:
1. During the period 1995-1999 the variation in the safety belt and helmet usage
percentages was so low that it can be considered as random.
On the contrary, the increase in the use of safety belt and helmet during 2000 was very
substantial. An increase of 33% for drivers and 18% for passengers is recorded in regard
to the average of the period 1995-1999. This increase cannot be considered random.
2. The improvement of enforcement and public awareness is to be credited for the
increased use of safety belts and helmets in the past year.
It should be noted that there was no substantial increase in the record of any violations in
the use of safety belts and helmets between 1999 and 2000. Nevertheless, the increase of
the enforcement in general led to the improvement of this factor as well.
Table 6 : Violations for not using safety belt and helmet, driving drunk and over-speeding
for the years 1999 and 2000

1999
2000
Variation

Violations for not using
Safety belt
Helmet
60.866
81.205
63.061
81.252
3,6%
0,0%

Checks
246.611
365.388
48,2%

Driving drunk
Demerits
Delinquencies
8.209
9.456
22.211
8.296
170,6%
-12,3%

Overspeeding
117.639
173.292
47,3%

1. It is also noted that the use of safety belts and helmets in the country is too low (2025%). Therefore, the increase of their usage is to be considered a priority for the
improvement of the road safety level in Greece.
The goal that needs to be set is to increase the use of safety belts and helmets of at least
50% so that the road safety level in Greece can be compared to the rest European
countries.
It is finally noted that, as shown from the SARTRE survey, the Greek drivers wear safety
belt only while on highways. In regional areas the use of safety belt is minimum.
These data derives from the questionnaire survey and is less objective in regard to the
records made on site of an accident.

4. GREEK PECULARITIES
We tried to identify some peculiar conditions that make Greece a special case among the
group of the 15 E.U. members in the field of Road Safety.
As such conditions we notice:
4.1 The irregular residential development
During the past 50 years the development of inhabited areas was spectacular. The residence
ownership index in the country is one of the highest indices in E.U. Nevertheless, this
development was irregular. It was even bigger in areas, which were directly served by road
networks. Thus, we reached a point where there are a lot of inhabited areas crossed by the
National Road Network. The speed limits (50 km/h) are hard to keep in these areas.
Pedestrian crossings are too often resulting to a great number of fatal accidents.
Statistical data of the year 2000 show 4.133 pedestrians as victims of road accidents with
human damages (13%).
It is noted that the measures for the pedestrians’ safety in inhabited areas are a priority. Such
measures are the creation of roads of mild traffic in the cities and the development of a
National Network that would bypass the inhabited areas.
4.2 The excessive use of motorcycles and mopeds
In the year 2000 there were in circulation in Greece 783.575 motorcycles and about
1.600.000 mopeds.
As motorcycles are registered motorized bikes over 50cc and the relevant authorities to give
them circulation licenses are within the ministry of transportation. Motorized bikes under
50cc are considered mopeds and the circulation licenses to them are given by the traffic
police.
Motorcycles and mopeds are used as an alternative mode of transportation in the Greek cities
especially in Athens. Though the private cars are restricted to circulate in alternate day in the
working days of the week in central Athens, motorized bikes are given freedom to circulate
without any time restrictions. They are allowed to circulate even in the bus lanes.
All these make the motorized bikes a formidable door to door mode of transportation and
obviously creates a potential of accidents since the motorcycle or moped travel death risk is
20 times higher than for car travel.
Accident statistics for the last years show that in accidents with fatalities one fourth included
involvement of motorized bikes. In the greater Athens area about half of all registered
accidents included the involvement of motorized bikes.
If Greece wants to catch the safety records of the best performing European countries, has to
shift the traffic composition to safer modes of transportation. To do this has to develop public
transportation and especially the urban rail as an easy and efficient mode of transport in the
two big cities.

It is also a priority to put restrictions in the use of motorcycles and mopeds such as no
allowance to circulate at bus lanes and follow the restrictions put on cars to circulate in
central Athens on Working days.
It is also a priority to enforce helmet’s wearing (that is currently around 20%) and also to
enforce technical inspection by relevant centers within the ministry of transportation.
a. The development of traffic with neighbor countries
With the sudden collapse of governments in Greece’s northern neighbor countries, the across
the border traffic changed a lot the last decade. Traffic coming across the borders with
Albania and Bulgaria that was practically nonexistent in the year 1990 is now in full
expansion. The country also receives much more traffic across the border with Turkey. The
drivers coming in Greece from regions such as the Middle East, Caucasus and Eastern
Europe are not familiar with the traffic code and the general conditions in Greece and their
vehicles are sometimes not inspected technically in their home countries.
Two measures that could be taken to address these problems are to open the technical
inspection centers for foreign vehicles and to distribute pamphlets with traffic information at
the countries border gates.

5. SETTING TARGETS FOR THE FUTURE
Some developments underway in the countries’ transportation infrastructure will have a
positive effect in the road safety records of Greece.
One such development is the creation of the Metropolitan rail system in the Greater Athens
area. Two lines were inaugurated last year and the construction will go ahead with more lines
and stations anticipated to be completed by the year 2004 when the next Olympic games will
take place in Athens. This year also started the construction of an urban rail in Greece’s
second City, Thessaloniki.
Other developments are the creation of New Highways such as the Athens Ring Road
(partially opened to traffic recently) and the construction of the northern road axis of Greece
(“Egnatia” Highway). The existing main road axis Patra-Athina-Thessaloniki-Evzoni border
crossing (PATHE) is partially made a motorway. With the completion of the major road
construction road projects, Greece could possess by the year 2006, 2.000km of divided
national road network while now has no more than 800 km.
Finally, the strategic plan for road safety management that was completed last March sets a
target to decrease fatalities in Greece by 20 % by the year 2006 and by 40% by the year2015.
Road sided measures included in the plan are:
- Black spots treatment
- Better marking and signalization
- Use of better materials and techniques for the asphalt paved road network
- Better illumination by electricity
- Implementation of road safety audits
- Organization of a new directory of Road Safety within the Ministry of EP&PW.
This last measure is indeed a precondition for the successful implementation of the above
mentioned measures for a better and more forgiving road infrastructure in Greece.
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Introduction

Excessive speed is still one of the main factors in traffic accidents. Numerous measures can be
used nowadays to improve safety on roads. One main issue is reducing speed to a safe level.
In recent years, new technologies have been used to this end. One of these are active speed
warning signs (ASWS), which are activated by drivers whose speed exceeds a pre-set
threshold. By means of a variable message sign, the drivers are made aware of their speed and
the danger ahead. Typical locations for ASWS are town entrances and dangerous curves.
So far, the main emphasis in the different presentations and papers has been on the different
uses of ASWS. There are only few presentations on the effectiveness and the cost/benefitrelations.
Quite a few of the active speed warning signs which have been installed in recent years have
now reached the stage of needing to be serviced. The responsible authorities have to decide
whether they want to modernise the ASWS - taking into account the considerable costs - or
take the system apart. As cost is the main factor, the authorities need a report on the
effectiveness of the ASWS before investing a lot of money. As far as the older systems are
concerned, the authorities quite often face the problem of not knowing the accident situation
and the distribution of speed prior to the installation of the ASWS. Therefore any report is
based on the current situation. Taking apart the installed systems without any research could
leave the authorities facing legal action, if the accident conditions change for the worse
without the ASWS.
Earlier this year, the “Instructions for Planning and Use of Active Speed Warning Signs” were
introduced and published by the German Research Institution, the Forschungsgesellschaft für
Straßen- und Verkehrswesen (FGSV). In these Instructions, a method is described on how to
assess the effectiveness of an ASWS with the use of inductive loop data, as this data is
normally available.
From earlier research, it could be seen that the special layout of every ASWS has to be
considered when analysing the effectiveness of a system. This especially refers to inductive
loop data.
For this reason the research presented here aims to analyse the effectiveness of an ASWS both
with inductive loop data and with data especially gathered in empirical measurements.
After presenting and summarising the German instructions the results of the effectiveness
study are presented. The results lead to first hints on how best to assess the effectiveness of
ASWS.
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German Guidelines For The Planning And Use Of ASWS

When the German instructions were being developed vast discussions were going on
concerning the effectiveness of ASWS, especially against police enforcement. Against this
background, it was agreed that the use of ASWS should be limited and that, before installing
any ASWS, it had to be considered if
• Measures such as safety barriers, different signing
• Building measures such as improved skidding resistance, straightening of a curve
were more effective and could be put into practice. In particular, the instructions also state that
enforcement measures (cameras) have to be considered. Only if all these measures cannot be
put into practice, the use of ASWS can be considered.
In order to install an ASWS, a speed level must be detected (using hidden speed check
technology), which is well above the speed limit for the selected spot.
As far as the results of the inductive loop data are concerned, the general layout of an ASWS
system has to be considered. The general layout of a typical ASWS is shown in Figure 1.
S0

S2

S1

direction of traffic

static
sign

measurement cross section

( i. e. speed limit sign
in combination with
dangerous curve sign)

( i. e. inductive loop detectors)

control unit
and ASWS

optional
control cross section
( i. e. inductive
loop detectors)

danger
spot

( i. e. curve)

Figure 1: General Layout Of An ASWS /3/

The measurement of speed and (optional) traffic volume is done at the measurement cross
section at the distance of s1 before the sign cross section.
If the measured speed of a vehicle is above the speed limit, a command is sent to reveal the
sign. In order for the driver to react on the activated sign, reaction and detection times must be
considered. The distances between static signing, measurement cross section and sign cross
section as well as the thresholds for activating the sign can be determined – considering the
local situation - according to the following rules:
a) Distance s0 between static signs and measurement cross section
The distance s0 should be defined as the length which is traveled by a motorist in 2
seconds. The relevant speed for this measurement is the estimated or measured average
speed directly in front of the static sign.
b) Distance s1 between measurement and sign cross section
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The distance s1 should be defined as the length which is traveled by a motorist in 2
seconds. The relevant speed for this measurement is the estimated or measured average
speed at the measurement cross section.
c) Distance s2 between sign cross section and danger spot
The distance s2 should be defined as the length which is traveled by a motorist in 2
seconds. The relevant speed for this measurement is the speed limit.
Using a control cross section, the effectiveness of the ASWS can be checked.
After installing the ASWS, the effectiveness of the system has to be assessed in every case.
On a short term basis, this can be done by analyzing the speed situation, and on a long term
basis, by assessing the accident development.
The speed situation must be checked after a certain interval of time, in which the drivers can
adjust to the new situation. If the ASWS is equipped with a control cross section, this data can
be used for evaluation. Otherwise, secret speed checks have to be considered. The instructions
do not specify how these speed checks have to be performed but give advice on how to use the
data from the control cross section.
The number of drivers exceeding the threshold speed [M1] is the potential which can be
warned by the system. The number of drivers still exceeding the threshold speed at the control
cross section is defined as M2. Taking into account the daily traffic Q24, the relative exceeding
ratio ÜMi can be calculated as follows:

ÜMi =

Mi
[ −]
Q 24

The compliance ratio of an ASWS can be calculated by using the measurements from the
period before and after installing the system. Another possibility is using the speed
measurement at the control cross section both with activated and deactivated sign.
From this description it can be seen that even in the instructions there is no definite solution to
the problem of how to assess the effectiveness of ASWS best. The only measure which is
described is the analysis of inductive loop data or the measurement of the speed at the control
cross section.

3

Field Test

In Rhineland-Palatinate, quite a few Active Speed Warning Signs exist. Some of the older
systems are now in desperate need to be modernized. So far the effectiveness of the installed
ASWS has not been analysed. The method described in this paper is a first approach towards
such an analysis.
To analyse the effectiveness of the installed ASWS, different approaches were selected. It was
decided that, due to the vast amount of installed ASWS, a detailed analysis of all systems was
not possible. As a first step, it was decided to analyse the accident data of the last three years.
Unfortunately, because of the age of the systems, it was not possible to conclude a before/after
study of the accident situation. The second set of data for the analysis was the inductive loop
data gathered both from the measurement cross section and the control section.
As a result of this first analysis, some ASWS were selected for a more detailed empirical
investigation. It was the aim that, especially with the aid of empirical data, the effectiveness of
the ASWS should be determined.
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There are some general considerations to be taken into account when trying to assess the
effectiveness of ASWS. First of all, the observations should be made in a way that is not
obvious to the driver. Otherwise the analysis of the measured data is biased. This point in
particular is quite difficult to achieve, as almost every measurement influences the traffic
behaviour. It also reduces the choice of ASWS, as at some places a hidden observation is not
possible. A second point to be considered is the cost-effectiveness of the measure. For this
reason, the effort both in collecting and in analysing the data should be minimal.
Bearing this in mind, three different measurement approaches were decided upon. They
included:

•

The car-following method to gather speed diagrams along the way

•

Video camera surveillance to analyse braking behaviour

•

Voice recording of the number plates to analyse the familiarity with the selected road

The car-following method was achieved by adding a DATRON sensor to an high powered
unobtrusive car. The sensor is mounted at the back of the car (see Figure 2) and is therefore
not seen by the car in front. The car-following process was started roughly at 2000 m before
the ASWS, so as to give the driver time to adjust to the speed of the vehicle which he
followed. The actual measurement started at about 1000 m before the ASWS and was stopped
at about 1000 m behind the ASWS. The data generated is the speed and acceleration of the
vehicle every 5 m or every second. In addition to that, it was possible to trigger a special
measurement which was done at specified spots along the road (i.e, signs, curves, ASWS).
With this method, it is possible to create speed profiles for the analysed roads and to
determine whether a change in speeding behaviour is due to the presence of the ASWS as well
as whether this change persists after the ASWS.

Figure 2:

Car-following Method: Test Vehicle With DATRON Sensor

The disadvantage of the car-following method is that only the speed profiles of a certain
number of vehicles can be measured. Taking into account the length of road, an average of
about 40 speed profiles can be measured per day.
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It was therefore decided that the reaction of the drivers in respect to the activation of the
ASWS is of particular interest. Using two video cameras covering approximately 200 m
before the ASWS, the vehicles approaching the ASWS were filmed from behind. In most
cases, it was possible to hide the camera either in the bushes or further away from the road
(see Figure 3). As the vehicles were filmed from behind, it was considered safe if vehicles
from the other direction were able to see the camera, if this was unavoidable.

Figure 3:

Video Detection To Analyse The Braking Behaviour

In former publications, it was stated that the familiarity of the driver with the road and the
presence of the ASWS has a big influence on the effectiveness of the ASWS. Therefore, the
number plates of the vehicles were voice recorded during the field test. In Germany, the
number plate refers to a county thus allowing the deduction of a driver´s familiarity with a
particular road.
In the following chapters, the results of the analysis of the inductive loop data and the
empirical data are described. It is not the aim of this paper to summarize the results of the
accident analysis, as this is a common procedure and is dealt with in another guideline. Based
on the results and the comparison of the data, a concept for assessing the effectiveness of
ASWS is developed.
3.1 Inductive Loop Data
Using inductive loop data is a very easy way to analyse the effectiveness. In the first place, the
data is easy to gather as it is normally stored on a computer system. Moreover, it is possible to
select from any series of years. In Germany, data concerning the following areas are collected
both for the measurement and the control cross section:

•

number of vehicles (HGVs, cars) per hour

•

average speed (HGVs, cars) per hour

•

number of activation per hour

•

number of vehicles (HGVs, cars) in the different speed classes
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When taking an analysis period of three years, it can be seen that a vast amount of data is
available. This means that it is not a question of gathering data, but of processing it as well as
choosing the right set of choosing the right set of parameters for the analysis.
A first step towards gathering a feeling for the speed situation on a certain road is to
summarize the hourly data into one speed value per day. Figure 4 shows the result of an
analysis of one of the ASWS.
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Figure 4:

Speed Situation At An ASWS Location Over A 3 Year Time Period

Here it can be seen that, although the average speed is above the speed limit, there is no
change in speed over the analysed years.
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When comparing the average speeds at the two sets of inductive loops one has to decide how
to group and analyse the relevant data . In Figure 5, two examples are shown where the data is
presented in reference to the time of day respectively the day.
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Speed Situation at Two Sets Of Inductive Loops At An ASWS Location

From both diagrams, it can be seen that there is a speed reduction between the two sets of
inductive lops of about 10 km/h. Using only the inductive loop data, it can be stated that the
effectiveness of the installed ASWS is very good and the reduction of speed is quite
considerable.
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Another parameter to assess the effectiveness of ASWS is the amount of activation. From this,
it can be seen that, at this ASWS, the amount of activation is quite high.
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Traffic Volume And Amount Of Vehicles Activating The ASWS

The examples stated above show how the inductive loop data can be analysed. In the selected
examples, the effectiveness of the analysed ASWS can be described as being very good.
However, when using inductive loop data, the special situation of the ASWS has to be
considered, and a visit to the location is indispensable in order to understand the data. Next to
a system error, which must be applied to the inductive loops, there are two other important
points to consider. These are shown in Figure 7.

Figure 7:

Example Of An ASWS Where The Use Of Inductive Loop Data Leads To
Wrong Results
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In the picture you can see a typical example of an ASWS in Germany. It is situated on a
downhill stretch of road to warn drivers that they are approaching the junction with excessive
speed. The problem with the inductive loop data is marked with a circle in the background of
the picture. A red car is parked directly on top of the inductive loops. Even if this does not
cause the system to generate wrong data, it is no longer feasible to collect data, as the other
vehicles have to overtake and are therefore not crossing the loops. On the other hand, the
whole ASWS is situated very close to the roundabout. Therefore, the vehicles have to slow
down in the area of the control cross section in order to enter the roundabout. Any speed
reducing measure can therefore not be rated as a result of the activated ASWS. This is a
problem common to most of the installed ASWS and therefore a comparison of the two sets
of inductive loop data can only hint at the effectiveness of the ASWS.
Bearing this in mind, new approaches have to be looked at to better assess the effectiveness of
ASWS. One way is to conclude an empirical analysis and use this data instead of inductive
loop data.
3.2 Empirical Analysis Of ASWS
The main emphasis in this chapter lies in showing examples of what can be achieved when
using empirical data. As has been described at the beginning of the chapter, three directions
were taken to analyse the effectiveness. In a first step, the data from the voice recording was
processed. Next to gathering information about the amount of drivers being familiar with the
road and the ASWS sign, the main aim was to synchronize this familiarity with the video
detection data.
The easiest data to analyse were the speed profiles from the car-following method, since these
were already stored as ASCII text. The results of the analysis for on ASWS is shown in Figure
8. In this example, the different speed profiles are shown together with the average speed.
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Example Of Speed Profiles Using The Car-following Method
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First of all, it can be seen that the average speed measured through the car-following method
at the sites of the inductive loops corresponds quite well with the average speed gathered from
the inductive loops over the last years. Furthermore, it can be seen that the biggest speed
reduction takes place at about 100 m behind the ASWS. The average speed here is even lower
than the speed limit of 50 km/h. At about 200 m after the ASWS, the average speed starts to
rise again towards the region of 62 km/h. When comparing the two sets of inductive loop data
(marked in Figure 8), it could be seen that the speed reduction is quite high and that therefore
the effectiveness of the ASWS is high. Looking at the layout of the ASWS (see Figure 9), it
can be seen that the speed reductions are not the result of the ASWS, but a direct consequence
of the road geometry, as the bend (marked with a circle) here is fairly sharp.

Figure 9:

Layout Of The ASWS With Regard To Speed Profiles

This means that a result with regard to the effectiveness of the ASWS cannot be gathered
from the inductive loop data.
The analysis of the video data took a lot of work as the traffic volume was quite high at some
ASWS. Due to the position of the sun, it was difficult in some cases to differentiate between
the braking lights and the reflection of the sun. Another difficulty was the synchronization of
the number plates as, in some cases, not all number plates could be recorded.
Once the data was input into a computer file various diagrams could be drawn. The first
example is shown in Figure 10.
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Figure 10:
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The diagram shows that the difference between those drivers who are familiar with the ASWS
and those who are not, is not significant. Drivers who are familiar with the ASWS even tend
to drive more slowly than the rest.
The reaction of the drivers to the activation of the ASWS is also important. The result of this
analysis is shown in Figure 11. It has to be borne in mind that some of the drivers had other
motorists in front of them who activated the ASWS. A 100 % assignment as to who finally
activated the ASWS is therefore not possible.
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The diagram shows that those drivers who activate the ASWS have to brake constantly,
starting from a point roughly 140 m before the ASWS and up to a point about 60 m before the
ASWS. The percentage of braking drivers who do not activate the ASWS is decreasing
towards the location of the ASWS as they have reached a safe speed for passing the danger
spot.
The results of the video analysis show some interesting aspects towards the behaviour of the
drivers. An absolute result concerning the effectiveness of the ASWS is, again, not possible.

5

Concept For Assessing The Effectiveness of ASWS

The main emphasis of this paper so far has been on a description of the different approaches
on how to assess the effectiveness of ASWS.
The first result which can be concluded is that the best way to assess the effectiveness of an
ASWS would be to conclude speed measurements before the installations of an ASWS and at
the same spot after a certain period of time. A very good way of doing this would be the carfollowing method, as this generates a speed profile over a stretch of road instead of local
speed data.
If the assessment has to be done without any knowledge of the situation prior to the
installation of the sign, this assessment is very difficult and most of the methods are time
consuming and work intensive.
The standard approach so far, which is also included in the German instructions, has been to
analyse the inductive loop data and compare these two sets before and behind the location of
the ASWS. Following intensive tests that have been carried out in the past, it can be said that
this approach is not leading towards a realistic assessment of the ASWS. In the first place,
inductive loops may generate faulty values due to some systematic error. On smaller and
especially urban roads, there is a problem of parked vehicles across inductive loops. But the
main problem is the location of the second set of inductive loops, the control cross section. In
most cases the control cross section is situated close to the danger spot, i.e. the sharp bend.
Motorists have to slow down in any case and, therefore, any speed reduction measured cannot
be considered as the result of the ASWS.
A more complex approach, also described in this paper, is the detailed empirical analysis.
Compared with the analysis of the inductive loop data, both measurements are time
consuming, here especially the analysis of the raw data, and therefore expensive. It was
thought that the video analysis of the braking behaviour together with an analysis of the road
familiarity of the motorists is the most promising approach. As the camera had to be hidden
some distance from the road, it was not possible to recognize the number plate from the video
image, and the number plate has been recorded separately. Synchronizing the two sources of
data was found to be rather difficult. The following analysis of the video took an average of 5
hours per hour of video sequence and is therefore considered to be too time consuming. The
results also show that the interpretation of the diagrams is difficult, and an assessment of the
effectiveness is, again, difficult. A comparison between the two groups of drivers – those
familiar with the ASWS and those who are not – shows no significant difference so that, in
future assessments, a detection of this parameter can be excluded.
The approach which so far promised the best results is the car-following method. The data is
fairly easy to gather and the processing of this data is quick. This method also gives detailed
information about the speeding behaviour along the stretch of road. Typical characteristics of
the general road layout can be deduced from the speed profiles. Even though it takes some
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time to carry out the car-following trips and the number of speed profiles is somewhat limited,
the results can be checked by comparing the average speed of the inductive loops with the
average speed of the profiles at the location of the inductive loops. The only problem is
connecting the speed reduction with the presence of the ASWS. Instead of using the absolute
figure of the speed it is helpful to look at the speed distribution before and after the ASWS.
Figure 8 shows that the difference between the minimum and the maximum speed on the
stretch before the ASWS is quite high and that right after the ASWS, at the location of the
sharp bend, the variance of speed is very small. Even if this is not a direct result of the ASWS,
the recommendation for this location would be to leave the ASWS in place, as some speeding
drivers, who are not familiar with the road layout, are warned by the activation of the sign.
Otherwise the authorities could face legal action if accidents happen with speeding drivers
which have not been warned.
At other locations the speed profiles were found to be less different, and here the
recommendation would tend to be to shut down the system for a certain period of time before
disassembling the system.
At the moment further research is being done on gathering the data of different ASWS, in
order to gain more in-depth knowledge on how best to combine the different results.
Hopefully, using these results, a more complex concept for assessing the effectiveness of
ASWS, which integrates the different data sources, can be developed and put into practice.
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SIMILARITIES AND DISSIMILARITIES OF ROAD ACCIDENT
PATTERNS FOR CHOSEN TYPES OF URBAN INTERSECTIONS

1. Introduction
One of the most important subjects of safety research is to reveal the relationship
between causes and consequences of road accidents taking into account not only driver’s
behaviour but also the influence of an accident place, especially its geometrical characteristics
[1, 3, 4, 5]. The crucial problem has to be considered: do road accident patterns exist and
whether and how these patterns are dependent on the place. In this work such analysis is
concentrated on the determining of similarities and dissimilarities of accident patterns on
chosen types of urban intersections of a middle town.
2. The subject of the analysis
Among several features in Road Accident Card [6] two have been taken to the analysis as
ones that bring the direct information about road accidents. These are accident type and
driver’s behaviour. The investigation of accident patterns was conducted for the following
features specific to an accident place:
•

types of urban intersections: two types of unsignalised intersection were considered ordinary and channelled ones,

•

the combinations of these vehicle relations at intersections that generate road accidents.

a) the L-L combination of relations

b) the L-S combination of relations

c) the S-S combination of relations

d) the R-S combination of relations

e) the R-R combination of relations

f) the R-L combination of relations

Figure 1. The Combinations Of Vehicle Relations That Generate Road Accidents
At Ordinary Or Channelled Unsignalised Intersections.
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The combination of vehicle relations is the central feature of the analysis. Besides the
location of accident within the intersection area this is the only feature that can be read from
the Road Accident Card. The schemes of the combinations of vehicle relations that generate
road accidents at the intersections under investigation are presented in the Figure 1. Dashed
lines are used to mark the function of crossing streets whereas the continuous lines with
arrows are used to mark the vehicle routes of “accident” relations. Abbreviations in the
description of consecutive cases in the Figure 1 have the following meaning: L-L – both
vehicles turn left, L-S – one vehicle turns left, the other goes straight on, S-S – both vehicles
go straight on, R-S – one vehicle turns right, the other goes straight on, R-R – both vehicles
turn right, R-L – one vehicle turns right, the other turns left.
Detecting accident patterns involves collecting of a large amount of data of various
types: data about road accidents on one side and the characteristics of accident places on the
other side. The information of this kind has to be linked a relational data base file. Such data
base file together with user friendly windows interface SYRENA has been elaborated at
Kielce University of Technology [3] and extensively used in this analysis. Accident data store
information about injury and fatal accidents as well as property damage only accidents. The
information in the SYRENA database system comprises the time period of 1996-1999 and it
contains the accident data for intersections of basic streets system in the middle town of
Poland – Kielce (about 230 000 inhabitants). Fifteen ordinary and sixteen channelled
unsignalised intersections have been analysed. Only accidents without pedestrians were
investigated. The total number of considered accidents is 714, of which 628 are damage only
accidents and 88 are accidents with injuries and deaths.

3. Road Accident Patterns For Combination Of Vehicle Relations At Urban
Intersections
The basic statistics for combinations of relations of vehicles involved in accidents at
analysed intersections are presented in the Table 1. In the last row of the table the
combination Others concerns the cases for which in the Road Accident Card:
-

a single vehicle accident has been registered (e.g. hitting a tree),

-

there is no data about the relation of a second vehicle involved in an accident,

-

there is no data about the relation of both vehicles involved in an accident.
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Table 1. Road Accident Statistics For Combinations Of Vehicle Relations.
Ordinary intersection
Channelled intersection
Combination of
vehicle relations
Number of
Percentage of
Number of
Percentage of
accidents
accidents
accidents
accidents
L-L
2
0,6%
9
2,3%
L-R
11
3,4%
3
0,8%
L-S
93
28,8%
130
33,2%
R-R
10
3,1%
10
2,6%
R-S
37
11,5%
18
4,6%
S-S
158
48,9%
191
48,8%
Others={---, L--,
12
3,7%
30
7,7%
S--, R--, no data}
Total number
323
100,0
391
100,0

Irrespective of the type of intersection (ordinary or channelled) in can be noticed that for
unsignalised intersections:
-

a dominant role play accidents in which a straight on vehicle relation is present,

-

accidents with the S-S combination of vehicle relations accounted for almost 50% of total
number of accidents,

-

the arrangement according to the percentage of dominant combinations of vehicle
relations is the same for both types of intersections,
In the case of R-S combination of vehicle relations the number of accidents at channelled

intersections is over two times lower than at ordinary intersections.

4. Accident Type And Combinations Of Vehicle Relations
The numbers of accidents for individual combinations of vehicle relations vs. accident
type are shown for ordinary and channelled intersection in the Table 2 and Table 3
respectively. The information takes into account only these accident types that have been
registered in Road Accident Cards for both types of intersections. Dominant combinations of
cross-classified features in relation to accident types are marked grey in the tables and they
are illustrated in the Figures 2 and 3.
The most frequent accident types were side collisions (56% at ordinary intersections
and 61% at channelled intersections), rear-end collisions (28% and 23%) and head on
collisions (10% and 7%). The other types of accidents accounted for 6% and less than 10 % at
ordinary and channelled intersections respectively.
The attention should be paid for the distribution of number of accidents of various
types in relation to the combination of vehicle relations. For the L-S combination the number
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of rear-end collisions was ten times smaller then the number of side collisions for both types
of intersection.
In the case of the S-S combination of vehicle relations there were however some
differences. The numbers of rear-end collisions and side collisions were similar for ordinary
intersections. But for channelled intersections side collisions occurred two times more
frequent than rear-end collisions.
Table 2. Statistics For Accident Type vs. Combinations Of Vehicle Relations
At Ordinary Intersections.
Total
Percentage
Accident type
L - L L - R L - S R - R R - S S - S Others number of of accident
accidents type [%]
Head on collision
0
5
14
0
3
11
0
33
10,2
Side collision
1
4
68
9
25
73
1
181
56,0
Rear-end collision
1
2
7
1
8
71
1
91
28,2
Hitting standing vehicle 0
0
0
0
0
0
4
4
1,2
Hitting fixed object
0
0
0
0
0
0
10
10
3,1
Running into hump,
0
0
0
0
0
0
1
1
0,3
pot-hole and so on
Other accident types
0
0
1
0
0
1
1
3
0,9
Total number of
2
11
90
10
36
156
18
323
accidents
Percentage of
0,6 3,4 27,9 3,1 11,1 48,3
5,6
combination of vehicle
relations [%]
Table 3. Statistics For Accident Type vs. Combinations Of Vehicle Relations
At Channelled Intersections.
Total
Percentage
Accident type
L - L L - R L - S R - R R - S S - S Others number of of accident
accidents type [%]
Head on collision
0
0
11
0
1
16
1
29
7,4
Side collision
3
3
103
1
9
113
5
237
60,6
Rear-end collision
5
0
10
9
6
57
1
88
22,5
Hitting standing vehicle 0
0
0
0
0
0
2
2
0,5
Hitting fixed object
0
0
0
0
0
0
23
23
5,9
Running into hump,
0
0
0
0
0
0
3
3
0,8
pot-hole and so on
Other accident types
0
0
0
0
0
0
6
6
1,5
Total number of
0
0
1
0
0
1
1
3
0,8
accidents
Total number of
8
3
125 10
16
187
42
391
accidents
Percentage of
2,0 0,8 32,0 2,6
4,1
47,8
10,7
combination of vehicle
relations [%]
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75.6%

69.4%

80.0%

46.8%

70.0%
45.5%

60.0%

Side collision

22.2%

50.0%
7.8%

40.0%
30.0%

Rear-end collision

15.6%
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20.0%
10.0%

1.1%
0.0%
L-S

0.6%
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Head on collision

The rest of accident types
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Figure 2. Dominant Patterns Of The Combinations Of Vehicle Relations
vs. Accident Type At Ordinary Intersections.
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30.0%
20.0%
10.0%
0.8%
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L-S

60.4%

56.3%

Side collision

37.5%

30.5%

8.0%

Rear-end collision

8.8%

8.6%

6.3%
0.0%
R-S

0.5%

Head on collision

The rest of accident types

S-S

Figure 3. Dominant Patterns Of The Combinations Of Vehicle Relations vs.
Accident Type At Channelled Intersections.

5. Driver’s Behaviour And Combinations Of Vehicle Relations
For the purpose of statistical analysis the values of a qualitative features have to be
separate, independent one of another and comparatively large [2, 6, 7]. So, in order to obtain
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more coherent classification some categories of driver’s behaviour have been joined. As a
result the following categories have been analysed:
-

mismatching speed and distance to a traffic situation –the combination of: exceeding the
speed limit, following too closely,

-

disobeying priority,

-

incorrect turning,

-

incorrect driver’s manoeuvres – the fusion of incorrect: overtaking, passing, passing
round, crossing a pedestrian crosswalk, reversing,

-

other driver behaviours – the fusion of: keeping the wrong side of a roadway, disobeying
road signals and signs, sudden barking, inattention, distraction and others.
New driver behaviours and the frequency of their occurrence for the analysed

combinations of vehicle relations are presented in Tables 4 and 5. Dominant combinations of
cross-classified features are marked grey in the tables and they are illustrated in the Figures 4
and 5.
The most frequent driver behaviours for all analysed combination of vehicle relations
are:
-

disobeying priority: 46% at ordinary and 65% at channelled intersections,

-

mismatching speed and distance to a traffic situation: 32% at ordinary and 22% at
channelled intersections.
It is surprised to see that for the S-S combination of vehicle relations incorrect turning has

been registered as an accident cause in Road Accident Card.
For the L-S combination of vehicle relations disobeying priority is the driver’s behaviour
that characterise 64% of all accidents at ordinary intersections and 88% at channelled
intersections.
In the case of the S-S combination of vehicle relations the distribution of the number of
accidents resulting from mismatching speed and distance to a traffic situation on one hand and
disobeying priority on the other is dependent on the type of intersection. The percentages of
accidents with such driver behaviours at ordinary intersections are alike: 46% and 47%
respectively. At channelled intersections the number of accidents resulting from the first of
mentioned behaviours is 2,5 times smaller than the number of accident resulting from the
second behaviour.
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Table 4. Statistics For Driver’s Behaviour vs. Combinations Of Vehicle Relations
At Ordinary Intersections.
Total
Percentage
Driver’s behaviour
L - L L - R L - S R - R R - S S - S Others number of
of driver’s
accidents
behaviour
[%]
Mismatching speed and
1
4
7
1
12
72
7
104
32,2
distance to a traffic
situation
Disobeying priority
1
0
58
0
12
74
3
148
45,8
Incorrect turning
0
4
10
7
7
2
2
32
9,9
Incorrect driver’s
0
2
8
1
2
5
1
19
5,9
manoeuvres
Other driver behaviours 0
1
7
1
3
3
5
20
6,2
Total number of
2
11
90
10
36 156
18
323
accidents
Percentage of
0,6 3,4 27,9 3,1 11,1 48,3
5,6
combination of vehicle
relations [%]
Table 5. Statistics For Driver’s Behaviour vs. Combinations Of Vehicle Relations
At Channelled Intersections.
Total
Percentage
Driver’s behaviour
L - L L - R L - S R - R R - S S - S Others number of of driver’s
accidents behaviour
[%]
Mismatching speed
5
1
7
6
5
47
14
85
21,7
and distance to a
traffic situation
Disobeying priority
2
0
110
1
7
118
16
254
65,0
Incorrect turning
1
1
6
2
3
6
1
20
5,1
Incorrect driver’s
0
0
0
0
0
5
4
9
2,3
manoeuvres
Other driver
0
1
2
1
1
11
7
23
5,9
behaviours
Total number of
8
3
125 10
16
187
42
391
accidents
Percentage of
2,0
0,8 32,0 2,6
4,1
47,8
10,7
combination of
vehicle relations [%]
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Figure 4. Dominant Patterns Of The Combinations Of Vehicle Relations vs.
Driver’s Behaviour At Ordinary Intersections.
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Figure 5. Dominant Patterns Of The Combinations Of Vehicle Relations vs.
Driver’s Behaviour At Channelled Intersections.

6. Conclusions
In this work a safety research has been undertaken to determine road accident patterns that
are typical to accident place. Accident features subject to investigation were accident type and
driver’s behaviour. As features that characterise accident place the following features have
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been chosen: unsignalised ordinary and channelled intersection and combinations of vehicle
relations at these intersections that generate road accidents. Accidents with pedestrians have
been excluded from the analysis. Accident patterns identified for the two types of
intersections allow coming to some conclusions.
The arrangement of accident types according to their frequencies is the same for both
ordinary and channelled intersections. The same arrangement can be noticed for these types of
intersections in the context of dominant combinations of vehicle relations, i.e. S-S and L-S.
The arrangement of driver behaviours according to their frequency of occurrence in
road accidents is the same for both ordinary and channelled intersections. There are however
differences in such arrangement when the combinations of relations of vehicles involving in
accidents are considered. In the case of the L-S combination disobeying priority is, in
principle, the only cause of accidents at channelled intersections.
The geometrical solution of unsignalised intersection with channelled traffic changes
accident patterns for the S-S combination of vehicle relations. In this case rear-end collisions
occur two times more rarely than side collisions, whereas at ordinary intersections these
accident types occur equally often. For channelled of intersection the number of accidents
with the R-S combination of vehicle relations is much smaller than for ordinary intersections.
The most frequent, in relation to accident number, S-S combination of vehicle
relations is characterised by driver’s behaviour pattern that depends on the type of
intersection. At channelled intersections disobeying priority results in accidents two times
often than mismatching speed and distance to a traffic situation, whereas at ordinary
intersections these causes occur equally often.
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THE IMAGINATION OF ROAD USERS ABOUT TRAFFIC ACCIDENT COMPARATIVE RESEARCH IN POLAND AND RUSSIA

1. Introduction
Our main hypothesis says : „because traffic accidents happen in different countries in
different conditions and in different societies, imagination of those accidents could be
different, too”. Poland and Russia are slavonic neighbours but between these both countries
we could find many differences in human mentality and national culture. These factors could
influence the attitudes of citizens towards the traffic safety. The imagination of participation
of somebody in traffic accident is a very specific mental activity. We could show two groups of
motives of such an imagination:
• Strong conviction that participation in traffic accidents is a some kind of the tribute , that
must be paid for contemporary civilization which gives us the comfort in all branches of
human life ( like a motorization):
• The subjective probability , which steers the human behaviour and bases on individual
experiences, beliefs and outlooks. In such situation the possibility that accident could
happene is very low.
We can find two serious reasons of the following peoples relation to traffic accidents :
1. The development of modern technic in transport, which increases chance to avoid of
injuries or death;
2. Limited elementary knowledge about traffic accidents. Most of road users did not
realize the actual range of that phenomenon. They even did not know that on the world
800 persons are killed in traffic accidents , daily
3. Problem of Risk
Similarly, like in problem of probability, we could find two kinds of risk:
• Objective risk is a function of many variables , relatively easy to precise :
weather conditions, time of a day , technical state of the road, intensity of traffic etc
Driving in such conditions becomes hazardous
• Subjective risk is an individual atribute of road users. It bases very strongly on subjective
probability.
One of main factors of undertaking risk is the self-evaluation of drivers.
Poland took part in the second round of the International Research Project SATRE. Results
of this research clearly shows that Polish drivers evaluated themself absolutely too high.
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Unfortunately , Russia and other countries of Community of Independent Countries never
took part in Project SATRE. Therefore we had no possibility to compare social attitudes
of Polish and Russian road users on the base of results of SATRE and we got information
about these attitudes only from our own research. We cannot forget that subjective
undertaking risk it is characteristic behaviour for all groups of road users , not only for
drivers. For example, pedestrians more often , than drivers deceided of crossing the road
,when they ought to stop in front of the red signal In such situation , we deceided to
include to the group of objects of the research the persons, who had not driving licences.
4. General Assumption of Our Research
We realized the research in two cities : Moscow and Cracow. In both cities we used
this some questionnaire in two language versions. To the Polish group of subjects belonged
120 persons ( 60% of female) , to Russian group belonged 120 persons ( 50% female and
50% male ). We prepared 9 hypotheses. They touche probability of differences in road
users attitudes in following branches:
• The awareness of traffic accidents
• The human imagination of protection against traffic accidents;
• The opinion about euqipment of traffic police and first aid service;
• The evaluation of probable time of waiting at the place of an accident for ambulance;
• Possibility of making error in voluntary action of first aid to victims of traffic accidents;
• Percepction of relation betwen traffic organization and number of traffic accidents;
• Relation between sex of respondents and tendency to declaration about participation in
traffic accident;
• Relation between sex and skill in first aid activity;
• The evaluation of the chance of quick rescue for victims of traffic accidents.
In the next part of this work we could present results of research tied with only
severeal hypotheses.
5. The Awareness of Traffic Accident
The conscious of danger tied with individual knowledge about average number of traffic
accidents which happen on local area in each day, each week and each month. Practically
in Cracow we have about a dozen or so accidents , in Moscow ( the city many times bigger
than Cracow) we observe about 50 accidents per day.. What is the precision of estimation
of the number of accidents?
Undoubtly, inhabitants of Cracow were more realistic (60% of respondents answered
correctly). In Moscow , we have only 30% of good answers. It was a suprise , because
most of asked inhabitants of Moscow were systematically listening news about traffic
safety in local radio programme. (in Cracow only 25% were the listeners of traffic
information). In both cities – the main source of danger there were drivers and pedestrians.
In Cracow the bigger group of respondents were be afraid of bicyclists (25% of answers)
but in Moscow only 9% answers showed bicyclists as a source of traffic accidents About
55% of inhabitants of Cracow think that the repression for causers of accidents ought to be
more serious . In Moscow about 42.5% respondents had that same intention. Similar
number of persons requested more educational programmes about traffic safety (44%).
Turning to reality , we asked our respondents if they were thinking about some kind of
insurance for repercussion of traffic accidents. We found the huge difference , when we
asked our respondents , for ownership of insurance. In Poland insurance is obligatory for
many groups of society (for ex. for drivers). In Russia insurance is only voluntary.
2

Therefore up to till 62% of Polish respondents had some kind of insurance, but in Russian
group we find only 20% of owners of insurance. We suppose that following factors
influence that attitude:
• Law factors - obligatory or voluntary insurance;
• Economic factors –high prices of insurance and small money for recompensation;
• Psychological factors - people do not believe in possibility of participation in
traffic accident.
6. The Opinions About Equipment of Police and First Aid Service
In the group of Moscow inhabitans – nobody assess very well the equipment of Polisce
and First Aid Service. In the group of Cracovian only 1.7 % of answers contained mark
‘very good’ in that topic. In Moscow there were no marks ‘very good’ in the relation to
the Police , we have 9.3% of marks – ‘good’ . The others were be satisfactory . The worse
situation tie with equipment of rescue ambulance. (only 1.7% answers - ‘good’ in
Moscow). Much better situation we could find in Cracow . About good quality of police
equipment reported 20% Cracovians, about good quality of Rescue Service – 14 %. We
suppose that the significant difference was caused by two reasons:
• The quality of using vehicles ( Polish Police and Rescue Service used more
western car , Russian services operate mostly with vehicles of domestic
production.
• Higher rank of Polish Police in social opinion.
7. The Evaluation the Chance for Quick Rescue When the Accident Would be Happen
Generally , the chance for quick salvation was very serious in Cracow (55% of positive
answers ) than in Moscow (only 10% of optymistic answers). But we cannot forget that
Moscow is one of the biggest cities in the world and in comparaison to Cracow , all
distances are longer. It influences the length time , that is necessary for coming to the
place of accident. . The great difference , we can find after analyse of the table below.
Hypothetical time of aproach of ambulance to the place of accident
( from the moment of calling to the moment of beginning rescue action)
in Moscow and in Cracow
___________________________________________________________________
Time of approach
% of answers
(min )
Moscow (N=110)
Cracow (N=111)
__________________________________________________________________
> 10
10 20 30 45 60<

20
30
45
60

5.5
29.1
34.5
10.0
18,2
2.7

26.1
46.8
19.8
3.6
3.6
-

source : the research of Psychology Transport Unit of the Jagiellonian University

The basic difference in estimation of time of waiting for help is clearly visible. Therefore
, when the accident would happen and people know , that they had to wait for help for long
3

time , they could only to bank on the help of another people. The eventual victim of traffic
accident thinks , that such help is obligatory and normal.
8. The Infuence of Modern Road Infrastructure on Number and Frequency of Traffic
Accidents.
Altough , the distributions of answers of inhabitants of Moscow and Cracow were similar,
after the analyze we could find very clear differences. Situation is much better for
inhabitants of Moscow , because they have real possibility to use a modern road structure
like a circular road, double-level crossing etc.Since a longer time , Moscow has the
network of peripherial road , which very effectively eliminates the heavy traffic from the
center of capital. On the Moscow 750 Year Anniversary , the modern circle of highways
was build with the intersection and footbridges for pedestrians. Whereas in Cracow we
still have not a real circle road and all transic traffic come through the center of city with
all negative atributes like noise, air polution and accidents. In such a situation, Cracovians
could be dissatisfied.
9. Conclusions
It is clear that the traffic accidents have similar reasons, process and results in all countries.
But the imagination about these accidents were created in different countries by different
groups factors, characteristic for each country. It makes that the imagined pictures of traffic
accident could be various even in the similar or neighbouring countries.
What were the factors which influenced these situations? There are the following:
• The largeness of the area and tied wth it – intnsivity of traffic. It is clearly visible
in comparaison between Cracow (about 1 million of inhabitants) and Moscow
(about 10 millions of inhabitants). We cannot forget that the number of traffic
accidents per day in Moscow is 5 times bigger than in Cracow. It influences the
interest of inhabitants in phenomenon of accidents negatively but on different
way.
• The organization and infrastructure of traffic are very important factors of traffic
safety . If we could separate the group of pedestrians and vehicles or bicycles or
we could eliminate heavy traffic and transit from the center of a city, we would be
succesful in improving traffic safety. But when the level of traffic safety is low,
people feel the danger and afraid.
• The level of motorization culture which determinates the individual knowledge of
citizens about the essence of traffic accidents, their probability and
their
prevention.
• The economic development of the country , which determine about a range of
prevention and about power of policy and rescue service touching the traffic
safety.
• The national features and national traditions, which create the shape of
participation in traffic , for example: the relation to pedestrians and other road
users, alcoholism , level of risk undertaking etc.
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Task
The principal task was to examine the responsibility on the part of the public and private
sectors for safe road traffic. The Committee of Inquiry was also to propose new or revised
regulations, sanctions and systems of inspection emanating from the outcome of the inquiry.
Further, the Committee was to conduct an inquiry into the establishment of an independent
road traffic inspectorate, including recommendations concerning how such a body should be
organised, its tasks and powers of authority and how it should be financed.
The inquiry has taken the name: Committee of Inquiry into Road Traffic Responsibility.

Traffic injury trend
Up until the beginning of the 1970’s, the trend in traffic injuries was directly related to
developments in automobile traffic; i.e., more cars on the road led to an increase in traffic
fatalities and injuries. At the beginning of the 70’s, this trend was broken and even reversed.
During the 80’s, the reduction in the number of persons killed or seriously injured stood at a
standstill, and towards the end of the decade, there was an increase in the number of fatalities.
The first half of the 90’s witnessed another decline in the number of persons killed or
seriously injured in traffic. However, the situation in the latter half of the decade up until the
present time is extremely disquieting. The number of deaths and serious injuries in traffic is
not decreasing at the pace stipulated in the goals in traffic policy (maximum 400 fatalities by
the year 2000 and 250 by 2007). On the contrary, the number of traffic fatalities is tending to
increase.
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Traffic Safety Department, Swedish National Road Administration

3
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Despite the long-range positive trend in traffic injuries, the risk of being killed in the road
transport system is substantially higher than in other modes of transport.

Political attention on the traffic safety problem
Traffic safety has been the subject of several different inquires, government bills and
parliamentary decisions over the past decades. 1982 was the first year in which goals were
established by the Swedish Parliament concerning traffic injuries. In October 1997 Parliament
decided that the long-term goal for traffic safety was no deaths or serious injuries as a result of
traffic accidents in the road transport system (”Vision Zero”) and that the design and
performance of the road transport system was to be adapted to the demands emanating from
this. In June 1998 Parliament supported the Government’s proposal that ”Vision Zero” was to
apply as a long-range goal not only for road traffic, but for all modes of traffic. In connection
with this, Parliament also approved an interim goal, which as far as road traffic was
concerned, entailed that the number of persons killed as a result of a road traffic accident was
to be reduced by 50% by the year 2007, calculated from the figures for 1996.

Public and private sector responsibility for safe road traffic
On the basis of ”Vision Zero”, the Committee of Inquiry into Road Traffic Responsibility has
analysed the shortcomings in today’s legislation concerning the system designers’
responsibility for a safe road transport system.
Although traffic safety as such is a recurrent subject in road traffic legislation, it is still
doubtful whether it – and the responsibility for it – can be assumed to be the actual main
purpose of the different bodies of regulations. Several of the statutes serve as a guide for
different processes within the road transport system, (such as the planning, construction and
maintenance of roads, vehicle inspection, administration and maintenance of the national
driving licence system, vehicle registration and establishment within the commercial traffic
industry) and put their emphasis on regulating the different administrative procedures.
The system designer’s responsibility concerning safety has not been made clear in the traffic
legislation in force today.

Product safety
Regulations concerning product safety and product responsibility are intended to counteract
any dangerous goods and services provided by business and industry from causing harm to
people or property. The manufacturer essentially bears full responsibility for the safety of his
products, and has an obligation not only to eliminate risks and potentially injurious situations
beforehand, but also to undertake various counteractive measures even in those cases where a
product has passed from production onto the market. The authorities can exercise coercive
interference, but the desirable changes in behaviour on the part of a business or industrial
enterprise should be implemented as far as possible on the basis of voluntary undertakings
initiated by the company itself. Internal control has thus been assigned a prominent role.

The area of application of product safety legislation is limited compared with special productoriented legislation. It can be ascertained that, to a large extent, special provisions do exist for
the goods and services provided in the road transport system. Thus, it is not a question of
applying the provisions in product safety legislation to the road transport system. On the other
hand, product safety legislation ought to cover the possible gaps concerning the safety of
goods and services that can exist in special legislation.

Safety responsibility within other sectors of society
The Committee of Inquiry has also conducted a survey of the regulations concerning the safety
of products and services that apply within other modes of transport as well as in the working
environment.
Within railway traffic, aviation and shipping and navigation, it can be said that a ”Vision
Zero” has been well on the way for a long time, even if not expressed in the way formally
decided by Parliament in June 1998. Long-term, systematic work on safety has been
conducted within these modes of transport for quite some time, which is why the safety level
is generally already quite high. Continued safety endeavours concentrate on maintaining and
improving this level.
The ”Vision Zero” idea also exists within the working environment area, even if it has not
been clearly articulated that no one is to be killed or seriously injured as a result of an accident
at work. Instead, the aim is to achieve steady improvement through providing action against
accidents at work, promoting general well-being and otherwise attain a good working
environment. On the whole, the responsibility for the different components in the activities
intended to produce a better working environment can be said to have been carefully specified
in this area as well.

Development issues within other sectors of society
During the 1990’s, the educational system moved from detailed control to goal and result
management, and in the opinion of the Committee, there is much of value to be learned from
the experience gained through this development. The Committee has therefore chosen to
illuminate the educational sector as well, not because it works specifically with safety and
safety responsibility issues, but rather because the Committee feels that the way in which this
system is being run demonstrates an approach that is of interest for achieving a fast and steady
improvement of the road transport system as well.
In the opinion of the Committee, the educational system has come a long way in the
development process, which the Committee also recommends for the road transport system:
substantially less detailed control, and in its place, goal and result management in combination
with quality systems and internal control.

”Vision Zero” – an important principle in the development of the road
transport sector
Just as we cannot accept people being killed or seriously injured at work or in any other sector
of society, we cannot accept this happening in road traffic. ”Vision Zero”, which is a longterm goal with respect to safety in the transport sector, is nothing other than an expression of
this important principle and an approach to the development of the transport sector. The
physiological tolerance level of human beings in combination with actual human behaviour
must therefore be the basic parameter in the overall design of the road traffic system. This
means that the road transport system must be designed so that everyone, both young and old
as well as physically disabled persons, can travel safely.

System designers’ responsibility to be regulated by law
Legislation within the road transport system, which puts the sole responsibility for traffic
accidents and traffic injuries onto the indvidual, in all probability contributes to an erroneous
outlook on how we can develop road safety, and is actually counteractive to traffic safety
endeavours. Those who build up the traffic system, such as road managers, vehicle
manufacturers, those legislating rules and regulations and those who use the system
professionally, also exert a considerable influence on road safety. In order to achieve a safe
road transport system, there must be a change in our views concerning responsibility, to the
extent that system designers are given a clearly defined responsibility for designing the road
transport system on the basis of human capabilities, thereby preventing the occurrence of
those cases of death and serious injury that are possible to predict and prevent. In light of this,
the Committee proposes that the parliamentary decision based on the principle of ”Vision
Zero” and the responsibility of the system designers for safety in road traffic be regulated by
law.

System designers be required to manage a systematic quality programme
intended to improve road safety
According to the law proposal, requirements would be imposed on the system designers to
manage a systematic quality programme for the purpose of improving road safety.
If a serious accident occurs, it is urgent from a safety perspective to clarify the causes so that
similar accidents or mishaps can be avoided in the future. Within the framework of modern
quality assurance systems, it is fundamental to know where the problems lies within the area
of operation, solve them, and learn from the past and prevent the problems from arising again.
The Committee recommends that the system designers themselves study fatal accidents and
likewise present their own proposals about what should be done to prevent reoccurrence.

Recommendation for the establishment of a road traffic inspectorate
The law proposal is a so-called framework act. Thus, a special body is needed that would be
commissioned to elucidate and follow up the implementation of the intention of the law, and
reinforce the prerequisites for safe road traffic. This is to be accomplished through inducing
the system designers to assume responsibility for steadily improving and upholding safe road
traffic so that human life and health is not placed in jeopardy. The Committee recommends
that a special supervisory authority, a road traffic inspectorate, be set up and commissioned to
uphold the purpose of the new law.
The tasks of the road traffic inspectorate are:
• to carry out general and specific evaluations and inquiries
• to ensure that the system designers conduct accident inquiries of high standard and make
decisions on undertaking adequate and effective measures.
• to draw up rules and regulations concerning requirements on a quality assurance system
for road traffic safety
• to initiate a certain degree of research and development.
The Committee of Inquiry is of the opinion that only relatively limited resources, 20-30
people, would be needed to conduct effective evaluations and inquiries. This would be
possible under the condition that those employed to do so were highly competent all rounders,
and that these operations were carried out openly, through a dialogue with the system
designers and in co-operation with other supervisory authorities, and that advantage be taken
of the opportunity to engage both national and international expertise. The requirement on
competence on the part of those employed is far more important than the size of the authority.
One question on which the Committee has had to take a stand is whether such an inspectorate
would have the authority to order the system designers to undertake different measures with or
without penalty, or otherwise forbid certain activities if shortcoming were discoverd in road
traffic safety. There are arguments that both speak for and against providing the inspectorate
with such an instrument of authority. The Committee chooses to propose however that the
inspectorate should not be given a mandate entailing having coercive measures. This
standpoint is based on the following assessment.
-

-

pointing out responsibility through legislation, as the Committee is doing, is something
entirely new, and we are therefore unable to comment on how the system designers will
live up to this responsibility.
if the inspectorate is given the power to order the system designers to undertake different
measures or to forbid certain activities, it would be difficult to assert that the inspectorate
is not in fact a system designer itself.

It is important to emphasise that it is the system designers who are responsible for remedial
action in the face of deficiencies and shortcomings. This lies at the core of a modern quality
programme.
The road traffic inspectorate should, moreover, be a public authority that uses the potential in
modern technology to full advantage and develops an efficient work procedure based on a
geographically spread network and a common goal.

A network-oriented manner of conducting work would provide the conditions for recruiting
people with high, all-round competence, establishing good contact with universities and
institutes of technology while making it relatively easy to interact with system designers in
their current arena.
The Committee therefore proposes that the road traffic inspectorate should have offices in
Umeå, Borlänge, Stockholm, Gothenburg and Lund. Apart from the head office, each branch
office should have a staff of between four and five persons.
The Stockholm office should be the hub in the network organisation and it is proposed that the
top inspectorate management be placed there. This would enable good contact with the other
offices and many of the most important system designers. It is proposed that the Stockholm
office be comprised of about nine to ten people. If an alternative location for top management
is advocated for other reasons, the Committee has no definite objection to this.

Impact on road traffic safety
The ultimate aim of the proposals we are presenting in this Inquiry is eventually to eliminate
those deaths and serious injuries in the road transport system that system designers can predict
and prevent. The system we are proposing is largely similar to those that apply in other modes
of transport and in the working environment. Hence, a reasonable ambition could be that
developments at least follow those that have occurred in the working world, i.e., a 50%
reduction in the number of persons killed within a ten-year period.

Economical effects
A new public authority, the requirement concerning accident inquiries as well as a quality
assurance system will entail direct costs for the Government, municipal authorities and
companies.
The Committee estimates that the cost of its proposals will amount to between SEK 50 and 60
million per year. Of this, SEK 30 million should be redistributed within the traffic safety
budget and SEK 10 million (5 + 5) should be redistributed from traffic safety to state and local
authority negotiations. The remaining SEK 10 to 20 million per year is a cost to be assumed
by the private sector and certain national authorities.
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Introduction
In Sweden a majority of child fatalities (under 15 years) are due to injuries, and of these about
40% are the result of traffic accidents – about the same rate as in the USA (National Board for
Health and Welfare 1994, MMWR 1991). Children are exposed to high risks in traffic, but
despite increased traffic volume it has still been possible to decrease numbers of injuries and
deaths. However, the various preventive interventions made have not been fully evaluated.

Sweden consequently has a long and strong tradition in using rearward-facing child safety
seats. Every single fatal accident involving a child in a passenger car for the period 1st of
January 1992 to 1st of July 1997 have been studied by Wenäll (1997). In total there was 79
children killed, but only 9 of these were travelling in a rearward-facing seat. In all of those 9
cases extensive occupant compartment intrusion was the cause of death of the child (Wenäll
1997).

Restraints were introduced in Swedish cars for front seats as early as in 1967, but national
mandatory use was not put into effect until 1975 (Cedersund 1997). This was extended to all
seats for adults (from 16 years of age) in 1986 and to children (0-15 years of age) in 1988.
However, some local-government authorities (Värmland and Malmöhus counties, the city of
Malmö (third biggest in Sweden), and the rural municipality of Falköping) voluntarily made
interventions for children in 1983, although this was restricted to children 0-9 months of age.
Baby seats were offered in those areas free of charge to all families with new-borns through
hospitals, child-health care and private dealers. Additionally, information was given on safety
in cars and safety measures in general. As early as 1984-86 these counties had adopted the
idea of promoting distribution of car restraints.

The main objective of this article is to study long-term effects of legislation and local
promotion of child-restraint use in motor vehicles. Subgoals are to describe the level of
restraint use for children in cars and to study changes in mortality and morbidity patterns in
regard to differences among age groups and geographical areas (morbidity).

Material and Methods
The following study areas were employed for the study:
“The First Four”: Värmland and Malmöhus counties (regions), and the city of Malmö and Falköping
municipality;

“The Six Counties”: Skaraborg (countywide injury-prevention programs initiated in 1974), Bohus
(1986), Stockholm (1987), Östergötland (1988), Uppsala (1992) and Jämtland (1988);
“The Rest of Sweden”: “The Country of Sweden” minus “The Six Counties” and “The First Four”;
“The Country of Sweden”. The populations of these areas are shown in Table 1.

Table 1. Population of Children (0-14 Years of Age) in 1978 and 1996.
STUDY AREA

POPULATION 1978 POPULATION 1996

The First Four
Malmö City
Falköping Municipality
Malmöhus County
Värmland County
The Six Counties
Bohus County
Stockholm County
Skaraborg County
Uppsala County
Jämtland County
Östergötland County
The Rest of Sweden
The Country of Sweden

206,123
36,857
6,222
108,860
54,184
571,968
61,588
295,768
56,593
51,956
25,398
80,665
859,783
1,667,652

206,937
41,429
6,211
108,095
51,202
607,917
66,406
325,662
54,932
57,449
24,874
78,594
852,782
1,661,425

The intervention period started in “The First Four” in 1983. Preventive programs such as
safety seat loan schemes, were initiated and organised by the child health care services.
Almost all restraints in cars for small children are rearward facing child seats and mounted in
the front seat of the car. From 1984-86 similar programs were extended to all counties
(regions) in Sweden, and from 1988 also supported by national legislation. The more
comprehensive injury prevention programs in “The Six Counties” started during the year’s
1986-88 (Andersson 1996).

The municipality of Falköping in Skaraborg County, in the mid-west of the country was
chosen to be in one of the study areas, because the municipality 1978 started a comprehensive
injury prevention program, now known as the “Safe Community Concept”. It comprised five
elements: a population-based injury-surveillance system, information, training, supervision,
and environmental improvement (Schelp 1987, Schelp 1987, Svanström et al. 1996).
Intersectoral co-operation and community involvement were emphasised. In Sweden after
that, six counties (regions), as mentioned above, followed and launched regional programs for
injury control based on this Safe Community concept (Andersson 1996).

Data for the calculation of incidence of restraint use in cars come from a continuous series of
observations of car-seat-belt usage in 14 urban areas in central Sweden since 1983 (Cedersund
1997).

Outcome evaluation is based on hospital-discharge data during the period 1978-1996 from
Sweden's National Board of Health and Welfare. No outpatient data was used. Mortality
statistics are based on police reports to the Swedish National Road Administration 1970-1996.
Injuries were grouped, by their external cause, according to the International Classification of
Diseases, Ninth Revision, ICD-9 (National Board of health and Welfare 1986 and 1989) as
follows: All Vehicle Accidents E819,1 (up to 1986), E819,B (from 1987), and all diagnoses
(all types of bodily injuries). No classification of the severity of specific types of injuries was
performed. In Sweden, persons receiving hospital care are registered as residents of a
municipality, county and country regardless of the location of the hospital from which they
are discharged.

Incidence rate (IR) is defined as the number of hospital discharges in any one year divided by
the population of the geographic area in that year multiplied by 1.000. In the case of mortality,
the resulting numbers were multiplied by 100.000. Following Ott (1984) a 95% confidence
interval (C.I.) was calculated for each inter-area difference. Linear regression was employed
to analyse trends in incidence rates in the geographic areas. The slope of the regression line
represents the average annual change in incidence.

Results
The level of restraint use for children (0-15 year of age) in the front seat of the car in 1988
was 97% (equal in 1995) for Sweden as a whole, while for rear seats there was an
improvement from 78% in 1988 to 86% in 1995. However, for rear seats the main increase
occurred before 1988 (from 17% in 1983) (Cedersund 1997).

The number of fatalities were 564, and by age group 294 (0-6) and 270 (7-14) respectively.
The overall picture for incidence in mortality is a decrease on average by 2.8% per year,
equivalent to a 76% over 27 years period. This is most evident after 1981. There are no
significant differences between the two age groups (0-6 and 7-14 years).
There has been a significant decrease in hospital admissions for Sweden as a whole during the

period. The average annual decrease is 1.15% for the whole study group, 22% over the study
period, and there are significant decreases for the whole group and the age-group 7-14 years
(Table 2).
Table 2. Number of Cases, Incidence (/1.000), Linear-Regression Parameter (β
β ), and
95% Confidence Interval (C.I.) for Children (0-14 Years) Hospital Discharged due to
Car Occupancy in Motor-Vehicle Accidents (all Diagnoses) in Sweden 1978-96 by Age
Group.
Age group
0-6
Number of cases 2 107

7-14

Mean

0.151

0.217

C.I.

(0.148, 0.154)

(0.214, 0.220)

β

-0.0018

-0.0023

C.I.

(-0.0037, +0.0001)

(-0.0045, -0.0002)

Significant

No

Yes

3 494

% annual change -1.08

-0.97

R-squared

0.23

0.19

Frequency, incidence (/1.000) for children (0-14 years) hospital discharged due to car
occupancy in motor-vehicle accidents (all diagnoses) in Sweden 1978-96, by year and
geographic area, show a significant change over time in “The First Four” (annual change 2.8%) and in “The Six Counties” (annual change -1.8%), but not in the rest of Sweden (annual
change -0.4%). Accordingly, there has been a decrease in the number of hospitalisations – but
more so in the intervention areas, and less so in Sweden as a whole (-1.1%) (Table 3).

Table 3. Number of Cases, Mean Incidence (/1.000), Linear-Regression Parameter (β
β ),
and 95% Confidence Interval (C.I.) for Children (0-14 Years) Hospital Discharged due
to Car Occupancy in Motor-Vehicle Accidents (All Diagnoses) 1978-96 by Geographic
Area.
Area

The First Four The Six
Counties

The Rest of
Sweden

Sweden

Number of cases

579

1 748

3 269

5 601

Mean

0.16

0.17

0.206

0.186

C.I.

(0.155, 0.169) (0.162, 0.170) (0.204, 0.208) (0.184, 0.189)

β

-0.0062

-0.0037

-0.0009

0.0024

C.I.

(-0.0108,
-0.0015)

(-0.0065,
-0.0008)

(-0.0028,
+0.0010)

(-0.0043,
-0.0005)

Significant
% annual
change
R-squared

Yes

Yes

No

Yes

-2.8

-1.8

-0.4

-1.1

0.32

0.31

0.05

0.31

Discussion
This study points out that there was a high level of restraint use for children in the front seat
and improvement for rear seat since 1983 in Sweden.

The study results show a 76% decrease in mortality over a 27-year period (1970-1996), and a
22% decrease in hospital care due to injuries in childhood related to motor-vehicle crashes
over a 19-year period (1978-1996), during which the technology of restraint was introduced
and supported by both local long term programs and national legislation. There were no
significant differences between age-groups used in this study. These results are in line with
other studies. Margolis et. al. (1996) describe, following implementation of the 1985 law in
North Carolina, USA, a 42% decrease in deaths and serious injuries in 4-15 year olds from
1980 to 1994. Rock (1996) reports a 10% reduction for children under 5 in Illinois, USA,
from 1980 through to 1986.

In the case of our study there was a significant difference across areas in the reduction of
injuries during the period investigated. The areas that started early with programs and those
having an organised long-term safety-promotion program showed a much greater
improvement than the rest of Sweden. This has, to our knowledge, not been demonstrated

before, but was a likely finding in the light of previous international experiences. Finocchiaro
et. al. (1989), in a study from Australia, conclude that legislation alone has not been sufficient
significantly to increase the use of safety restraints among infants. A loan scheme was
introduced, which subsequently led to an increased usage rate.

Wolf et. al. (1995) concludes that a comprehensive, state-wide educational program can
persuade hospitals to promote usage of, access to, and education with infant safety seats.
Decina et. al. (1997) reports a successful program in increasing toddler use of child seats by
combining a restraint-enforcement program with public information and education.

In 1996, the “Committee on Injury and Poison Prevention” concluded that, despite laws in all
50 states of the USA requiring the use of car-safety seats or child-restraint devices, children
continue to die as occupants of motor vehicles (Committee on Injury and Poison Prevention
1996). The Committee advocated far greater involvement on the part of paediatricians and
other health-care professionals in providing appropriate information for parents.

Kostaridou et. al. (1997) report that the absence of legislation in Greece, combined with the
extremely low use of restraints in the Attica region (maximum 41% for age group 1-2 years)
and in a provincial area (maximum 24% for the same age group) has prompted an initiative on
the part of the Paediatric Society to create informative general public educational programs
and urge governmental legislation.

It can be concluded that there is a need for continuos and appropriate information, including
instructions how to properly install restraint in cars, and implement long term local action on
childhood injury prevention to accompany legislation. The local authorities in specific
geographic areas that first started preventive programs, such as safety seat loan schemes, and
organised local action programs were found to be more successful in achieving injury
reduction for their community’s children. National legislation on its own is not as effective.
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* Introduction
People need to be able to travel for their work, social contacts and recreation, and to make use
of facilities and health care. Goods need to be conveyed to companies, shops and consumers.
Mobility is an important element in the socio-cultural development of people and society. An
efficient, safe and sustainable transport system is an essential precondition for prosperity and
well-being. Mobility must be possible for all groups within society, yet under the limiting
condition of assured road safety and an acceptable environment. An efficient, safe and
sustainable transport system, offering high quality to the individual users, is an important
basic principle.
With the National Transport Plan NVVP 2001-2020, the Dutch government gives a new
impetus to strengthen the existing policy on road safety, and the implementation thereof.
* Present state of affairs in road safety
Since 1945, over 100,000 people have died in road accidents in The Netherlands, and over 1.5
million have been seriously injured. Worldwide more people die in road accidents than as a
result of either AIDS or wars.
It must surely now be clear to everyone that road accidents are a serious public health
problem. This is substantiated by the following Dutch figures.
- One in three deaths in the age group 5 to 25 is caused by a road accident.
- The number of life-years lost due to road accidents lies between that due to cardiovascular
diseases and that due to cancer.
- One in ten road accident victims still shows psycho-traumatic symptoms of greater or lesser
severity a long time after the accident.
- Over 50% of rehabilitated invalids are road accident victims.
Transport systems other than the roads are many times safer. A few facts, by way of
illustration.
- Passenger transport by rail or air is 100 to 200 times safer, per kilometre travelled, than
private transport by road.
- The safety standards applied for work environments and technological/energy installations,
and for protective measures against natural disasters are based on death risks per time unit
which are many times lower, in some cases even a thousand times lower, than the actual death
risk in road traffic.
A much greater number of casualties is still regarded as “normal” in road traffic compared
with other transport sectors. It is becoming increasingly difficult to explain to the general
public and to politicians why the policy in the various government areas is so different, and
has such different outcomes.
Advice recently issued by the Dutch Council for Transport therefore makes the following
recommendations for improving the standard of road safety.
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~ Adopt a combined approach for all the fields of activity of the Ministry of Transport relating
to road safety. Recognize that there are avoidable road accidents which must no longer be
allowed to occur.
~ Ensure that safety management is introduced or improved, so that the organizations
concerned can themselves evaluate their approach to safety, and organize subsequent
improvement steps. All interested parties, such as local residents, pressure groups, media, etc.,
must be involved with the road safety policy.
~ Ensure that the regional role of the Ministry of Transport is more strongly fulfilled; not by
executing tasks itself, but rather by offering direction, providing preconditions and carrying
out checks. Successful introduction of safety management will allow the national government
to fulfil its regional role at a distance.
While it is true that since 1972 safety on Dutch roads has greatly improved, the societal costs
of road accidents are still too high. Every year there are over one million road accidents in The
Netherlands, causing over 1,000 deaths, around 19,000 hospital admissions, and 105,000
injuries requiring treatment in hospital Accident & Emergency departments. Road accidents
entail enormous societal and individual damage, both material and non-material.
The developments in road safety over the years in The Netherlands is shown in the Annex.
* Objectives and approach
The government supplies the infrastructure, regulates the market and commissions public
transport, and as such has an important influence on the quality of the transport system. Yet
the government is not solely responsible for transport, nor the sole owner of the problems. The
users themselves (road users and commercial enterprises), through their individual choices,
together determine the ultimate outcomes. There is shared responsibility for seeking solutions
supported by society. Co-operation between authorities and also with the private sector is
needed for issues such as reduction of commuter traffic by car; policy on business siting and
car parking; urban distribution; and the area-targeted approach of regional transport plans and
municipal plans. The basic principle of co-operation is a clear division of roles and
responsibilities.
The Netherlands was the first country to formulate quantitative targets for road safety. In 1987
the first Long-Range Plan for Road Safety MPV was published. The target formulated in this
for the year 2000 was 25% fewer road accident victims compared with 1985.
The Second Transport Structure Plan SVV subsequently narrowed the target for 2010, to 50%
fewer road deaths and 40% fewer injuries compared with 1986. In order to realize these
ambitious targets, the policy chosen at that time had two lines: firstly, the approach to the
spearheads of alcohol, speed and protective devices in cars; and secondly, the more preventive
approach of ‘sustainable safety’ road infrastructure.
The current National Transport Plan NVVP of 2001 maintains these objectives. This is
ambitious, because mobility has increased more than was expected ten years ago. Retaining
the absolute target thus represents a higher ambition in practice, especially because the law of
diminishing returns is in operation, so more complex and more expensive measures will have
to be taken.
The present targets for 2010, with 1998 as the base year, are:
- fewer road deaths, decreasing to 750 per year;
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- fewer hospital admissions due to road accidents, decreasing to 14,000 per year;
- fewer road deaths on railway crossings, decreasing to 25 per year.
In comparison with the new reference year 1998, these targets for 2010 mean that the number
of road deaths must be reduced by over 300, and the number of hospital admissions by 4,600.
These national targets will also be translated into regional targets.
In addition to these targets, there are also societal costs attached to road accidents. These costs
are estimated at 7 billion US $ per year (loss of production, medical costs, material costs), or
13,5 million US $ per day.
The SWOV Institute for Road Safety Research has calculated the cost-effectiveness for many
of the measures proposed as an approach in the National Transport Plan NVVP. The results of
these calculations provided grounds for announcing the expectation that there is a good
chance of the 2010 target for road deaths being attained, provided that the increase in mobility
remains moderate. The target for hospital admissions will be more difficult to attain.
The principle of ALARA (As Low As Reasonably Achievable) measures will also be
increasingly used in the future to keep the number of road accidents as low as is reasonably
and practically achievable. That is to say, the effectiveness of measures will be weighed
against the investments. Preference will be given to measures which are simple or inexpensive
to implement, and produce yields in increasing safety.
Reduction in the number of road accidents also produces economic yields. It has been
calculated that realization of the above policy will result in a reduction of societal costs
amounting to 1,2 billion US $ per year in 2010 and the years thereafter. In fact, there are no
imaginable good reasons for not investing in road safety!
In order to realize the ambitions in the area of road safety, an integrated safety approach to
person-vehicle-road has been chosen. This results in a selection of measures which give the
most effect at a reasonable cost. A so-called ‘risk approach’ (numbers of victims in relation to
mobility) makes it possible to determine where there is a hazardous situation, where the
hazard is greatest, where and in what combination measures should be taken. Targets for this
are currently being formulated for each region; these will be discussed with all the regional
partners concerned, and in 2002 will be definitively adopted in joint administrative
discussions. This will make it possible to set priorities.
Here too, the applicable maxim is that ‘we may have mobility, but must have road safety’! A
requirement, however, is that sufficient support among road users must be created.
* Sustainable safety transport system
The ‘sustainable safety’ approach to the transport system is catching on in The Netherlands,
and is being further intensified. Considerable experience has been gained since its
introduction just less than ten years ago.
A ‘sustainable safety’ transport system comprises the co-ordination and interactions among
road users, the road infrastructure and the vehicle in interrelation with one another; there is
also an organizational co-operation agreement. The concept is based on the principle that man
is the measure of things. A sustainable safety traffic system has a road infrastructure adapted
to the capacities and limitations of the road user; has vehicles which simplify the driving task,
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and are constructed in such a way that they effectively protect the vulnerable road users; and
serves road users who are adequately trained, and if necessary are subjected to checks.
This system approach was first initiated by SWOV Institute for Road Safety Research in 1992
in the document: Towards Sustainable Safety of Road Traffic (Naar een Duurzaam Veilig
Wegverkeer). The basis for a sustainable safety transport system lies in a systematic and
consistent elaboration of three safety principles:
- functional use of the road network by preventing unintended use;
- homogeneous use of the road network by preventing large differences in vehicle speeds,
vehicle masses, and direction of travel;
- predictable use of the road network by rectifying uncertainties in road behaviour and
introducing predictability into the way in which the road proceeds.
The three safety principles are translated into specifications for roads, which are distinguished
into a few different types of roads according to function:
- flow function: through roads with high intensities and high speeds;
- district distribution function: roads dividing and combining traffic from and to residential
neighbourhoods and from and to through roads;
- access function: roads giving access to residential areas, industry parks, shopping areas,
sports centres.
These basic principles result in two categories of roads within the built-up area (distributor
roads and access roads), and to three categories of roads outside the built-up area (freeways,
rural distributors and rural access roads).
Within the scope of an integrated approach in the intensified policy of the National Transport
Plan NVVP, possibilities are being sought to strengthen the policy (in addition to the focus on
road infrastructure) with policy aimed at influencing road behaviour and at vehicles. This is
necessary because infrastructural adaptations can only remove some of the causes of road
accidents. In the future policy, the behaviour of road users will be given a more central place
than hitherto. The aim is a more co-ordinated application of measures for road behaviour, the
vehicle and the road infrastructure, and the organization of the totality of these. This can
contribute to maximum safety yields being attained with the available resources.
The programme for a safe road infrastructure, introduced several years ago, is being continued
more strongly. In consultation, all the administrative partners are preparing the administrative
agreements for the coming period. Their integrated approach covers measures aimed at the
road user, the vehicle and the road, and also the possibilities in the area of business operations
and spatial planning. An elaboration of especially the infrastructural measures for the road is
given in the Working Document ‘Sustainable Safety’, Phase 2; final report.
* Co-operation on road safety
The degree of co-operation and division of responsibilities among all the parties involved in
the transport policy is an important factor in producing results. In its safety policy, the
government places the responsibility with those who cause road accidents, or who have the
keys to improving road safety.
Some parts of the road safety policy are divided among several ministries. These include areas
such as enforcement of traffic regulations by the police; statutory fines for violations and

4

penalties for criminal offences; driving under the influence of alcohol, drugs and medications;
aspects of spatial planning such as policy on siting businesses and regional, local and urban
development plans, etc. The Ministry of Transport has a co-ordinating role in this; the
responsibility for and approach to road accidents is shared with the departments of the
Ministry of Justice, the Ministry of Housing, Spatial Planning and Environment, the Ministry
of Health, Welfare and Sports, and the Ministry of Internal Affairs and Kingdom Relations.
The Netherlands is a country which encourages parties to co-operate by means of
consultations and persuasion, and then to make binding agreements on the issues. This
method of operation is known as the ‘polder model’. In the context of road safety, the
following administrative agreements can be reported.
- Decentralization Agreement, 1994
This is an agreement between the InterProvincial Consultations IPO, the Association of
Netherlands Municipalities VNG, the Union of Water Control Authorities, and the Minister of
Transport. This agreement lays down that each region will have an independent consultation
platform in the shape of a Regional Road Safety Agency ROV. The purpose of an ROV is to
establish a systematic approach to road safety on the basis of mutual co-ordination with
institutions and organizations within the region concerned.
- VERDI Covenant, 1996
VERDI (in Dutch) stands for Transport, Regional, Decentralized and Integrated. This covenant
has the same signatories as the Decentralization Agreement (IPO, VNG, the Union of Water
Control Authorities, and the Minister of Transport). It relates to the main outlines for the
future planning structure, infrastructure, public transport, personnel issues and facilitation.
The National Transport Plan NVVP is part of this covenant.
- Sustainable Safety Starting Programme Covenant, 1997
In addition to a policy on certain aspects, and of a repressive and curative character, an
integrated policy with a clearly preventive character is chosen in this covenant. It was also
signed by the partners listed above, and its purpose is to lay down which activities will be
chosen first to improve road safety.
The basic principal of the integrated safety approach is that it focuses on all factors which
have an influence on safety, both primary and environmental factors.
Firstly, this policy entails that the government brings the direct influence on the personvehicle-infrastructure system into balance, and strengthens the interrelations among these
three. To do this, it uses, among other things, the traditional means such as education, driving
test requirements, standards for vehicles, enforcement, construction and management of
infrastructure, traffic management and rules of behaviour.
Secondly, the government intervenes increasingly at the level of price policy, the
organizational connections within which the road user resides, works and lives (schools,
neighbourhoods, businesses), mobility, and the possibilities in the area of spatial planning.
In dividing responsibilities and resources among the various administrative strata, the
applicable maxim is: decentralized where possible, centralized where necessary. Financial
resources are decentralized, and the regional authorities pay the costs associated with the
responsibilities that they bear. This means that these costs are paid by the management
authority of the infrastructure concerned, and possibly by other interested parties. The basic
principle is that all parties together make optimal efforts to increase road safety. For this
purpose, a combination of measures is used, focusing on road behaviour, technology and
infrastructure.
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A sustainable safety transport system with a very low number of road accidents stands or falls
depending on the support among citizens, politicians and the technological world. The
importance of introducing a road safety approach must be clear to everyone.
* Influencing behaviour
The most important key for the approach to road safety is the behaviour of road users. The
vast majority of road accidents are ultimately attributed to the consequences of human error;
even if only because legally a guilty party must be found from whom to obtain redress for the
consequences of the accident.
Drivers are bombarded with a constant stream of information, both visual (the road, other
vehicles, pedestrians, road signs, intersections, etc.) and auditive (listening to the radio,
mobile phone calls, conversations with passengers, etc.). A driver processes all this
information to a greater or lesser extent.
However, prior to this, it is also possible that a driver may not have seen a situation. This
could be because the light or visibility was poor, or because by chance the driver was looking
the other way. Research has shown that observation errors play a part in one-third of road
accidents. The fact is that we are human, and we do not observe well.
However that may be, the Dutch Council for Transport has made the point that the proportion
of professional road users is low: most people who drive vehicles are amateur drivers. In this
uncontrolled situation, there are no structural safety guarantees as there are in the case of
railways, maritime shipping and aviation. Selection, professional driving instruction, tests and
retraining courses, stringent regulations, etc. quite simply do not exist in road traffic. It is, in
fact, amazing that there are not more road accidents.
While it is true that well laid-out roads can reduce the risk of road accidents, the road users
themselves are ultimately at the wheel. Through promotion of safe road behaviour by means
of education and public information, road users become better able to take their responsibility.
Knowledge about the relation between road infrastructure, road behaviour, road accidents and
the consequent injuries must therefore be increased.
An important principle is that all road users must possess the required knowledge, skills and
motivation to behave safely in traffic. Specific target groups, such as children, young people
and the elderly, merit greater attention. The government therefore aims to introduce a
beginners’ driving licence for newly qualified drivers, and a practical driving test for mopeds
and motorbicycles. According to the SWOV calculations, both measures are highly costeffective.
Road users are regularly confronted with aggressive driving behaviour. This results in
accidents, annoyance and tailbacks. The government is therefore continuing to run campaigns
for this theme, in combination with public information and enforcement.
Driving under the influence of alcohol remains a serious problem. Alcohol is a contributing
factor in 24% of road accidents causing death and 10% of accidents causing serious injuries.
Since alcohol has a strong effect on the driving behaviour of inexperienced drivers, new
legislation is being prepared in which the permitted blood alcohol level for newly qualified car
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drivers and motorcycle riders is reduced from 0.5 mg/ml to 0.2 mg/ml. A further investigation
is being conducted into whether this reduction can be implemented for all drivers.
Surveys have shown that driving under the influence of drugs and medications is no longer a
marginal phenomenon. These substances have an effect on the central nervous system which
jeopardizes the road safety of anyone driving under their influence. Research must be
conducted to determine the best ways to approach this problem.
On the repressive side of the approach, the regular enforcement of traffic regulations is being
intensified. To strengthen this enforcement, the government is to issue a decree on the
introduction of administrative enforcement of traffic regulations. This decree indicates the
space given to the provincial and municipal authorities to supervise the enforcement of traffic
regulations themselves.
Public information and communication are essential in order to inform road users about the
relation between their behaviour and road safety. National public information campaigns
remain a fixed part of the policy. The effectiveness of national and regional campaigns is
being increased by their inclusion as an integral part of regional projects and administrative
agreements on road safety.
* Road infrastructure
In an integrated approach to road safety, improvement of the road infrastructure cannot be an
isolated activity. One of the points of attention in the agreements about further work on a
better infrastructure is the more detailed elaboration of the categorization of the road network.
The primary responsibility for a safe lay-out of the infrastructure lies with the highways
authority. Within this framework, guidelines for a sustainable safety lay-out are being
developed. Highways authorities will be given the space to apply the guidelines for
infrastructure in a modified way, but reasons must be given for any modifications.
The most serious problems for road safety are found on the urban arterial roads and on the
regional through roads. The biggest challenge therefore lies with the municipalities and
provinces. Realization of a sustainable safety infrastructure usually has to be ‘made-tomeasure’. Consequently, the authorities within a region must together develop integrated
packages of measures on the basis of regional targets. To support the regions, a first catalogue
of measures has been formulated, outlining the effects of various measures on road safety.
Spatial planning can also make an important contribution to road safety, if planners and
designers take account of road safety in the urban development design or landscape design.
Road safety thus becomes more firmly embedded within the spatial plan development, and it
becomes possible to lay out new infrastructure and its surroundings in line with sustainable
safety.
* Vehicles and technology
Local authorities are encouraging the use of the bicycle. Good, safe facilities for cyclists are
important for this. Municipalities and provinces are realizing and managing a network of safe
routes and parking facilities for cyclists. In the construction and management of infrastructure,
the government is co-responsible for maintaining and improving intersecting route networks
for cycle traffic. All authorities together are responsible for promoting bicycle use and
knowledge transfer.
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Mopeds remain a hazardous form of road use. Without vehicle registration, a driving test and
a separate road infrastructure for moped riders, it will be difficult to improve the road safety of
this category. One in five road accident victims is a moped rider.
The authorities are promoting the development, standardisation and implementation of
technology to improve road safety. New technology for motor vehicles can greatly improve
road safety. The priorities in applying new technologies lie in the following themes.
Of top priority in the policy are the projects which reduce the risk of injury among vulnerable
road users, such as pedestrians and cyclists, and reduce serious injury of vehicle occupants.
Attention is focused on, among other things, the prevention of whiplash.
Intelligent speed adaptation (ISA) in and outside of the vehicle is an example of technological
innovation for greater safety. The speed of a car can be regulated externally, which offers
opportunities to greatly improve road safety. In busy traffic or bad weather, the speed of a
stream of traffic can be adapted to the circumstances, without major enforcement problems.
Intelligent speed adaptation is one of the options for making cars drive more slowly in
residential neighbourhoods. A trial is currently being conducted in the city of Tilburg.
European cooperation in this field is underway.
The design of trucks could also be safer. Examples here are speed governors, better side
mirrors to minimize the blind spot, anti-overturning systems for trucks, and side protection
panels on trucks to reduce underrun bicycle accidents.
The risk of injury decreases as vehicle designs become more reciprocally attuned. The
improvement of this so-called ‘collision compatibility’ is being stimulated. For the long term,
there are prospects for the application of collision prevention techniques.
An important point of attention in technological innovation is its psychological aspect. In
order to get new technologies accepted, it is not enough only to emphasize the advantages for
society; the advantages for the individual road user must also be pointed out. On the other
hand, new technologies must not result in the driver being swamped with information, thus
increasing the risk of manoeuvring errors.
Technology can support road users in their driving task. The industry is currently making
major investments so that in a few years devices for location specification, communication
and identification will be standard equipment of new cars. This will mean that an increasing
proportion of the vehicles on the road will be equipped for services which support road users,
such as traffic information, navigation, parking information, SOS buttons, and methods for
tracking down stolen vehicles. In the area of system innovation, information and
communication technology (ICT) in combination with location specification technology offers
opportunities for new logistics concepts in both passenger and freight transport.
Technology can also be used to influence driving behaviour, and is therefore an essential part
of the road safety policy. Systems are being developed which support and simplify driving,
such as various forms of Automatic Vehicle Guidance (AVG).
* Stimulation from the national government
As further elaboration of the transport policy, the government has naturally also formulated a
programme with an agenda, actions and research.
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The government’s agenda has the following lines of approach or agenda.
~ In the coming years the government will make agreements with municipalities and
provinces about the approach and further elaboration of a sustainable safety transport system.
To this end, the government together with the other authorities is developing methods to
translate the national road safety objectives into regional objectives.
~ Together with the decentralized authorities, the private sector and societal organizations, the
government is developing a package of measures to improve the road safety of vulnerable
road users, such as pedestrians, cyclists and moped/motorbicycle riders. This involves
tightening requirements for vehicles, registration numbers, requirements of driving fitness and
driving skill, measures for the lay-out of and place on the road, and the place of the various
groups of road users on the road.
~ In co-operation with the Motorcycle Riders’ platform, the sector and other organizations,
measures are being implemented to improve the road safety of motorcycle riders. This focuses
on improving visibility and risk perception, encouraging the wearing of appropriate clothing,
and improving vehicle control.
~ The government is holding consultations on road safety with, among others, employers’ and
employees’ organizations, insurance companies and other relevant businesses and
organizations, to investigate the possibilities of internalizing the societal costs of road
accidents. This entails that the person who causes the accident is liable for the costs. Options
could be to increase premiums in the event of culpable driving behaviour; to encourage the
purchase of safety devices; and to influence driving behaviour by checking driving skills.
~ The government wishes to introduce, in conjunction with the private sector, insurance
companies, the other authorities and other parties concerned, a quality incentive in the
transport sector and commercial traffic leading to guarantees for efforts in the area of safety.
Special attention will be given here to vans.
~ The government is aiming for further tightening of requirements for driving skills and
driving fitness at the European and the national level.
~ The government is developing regulations for the use of drugs and medications which
influence driving behaviour, and the testing of drivers for their use.
~ By means of experiments, the government is giving an impulse to the development of
Advanced Driver Assistance (ADA) systems. ADA is an umbrella term for, among other
things, various forms of intelligent speed adaptation and lane departure warning systems.
Large-scale tests will be carried out as from 2003.
~ The government is setting up a calendar for the development of Automatic Vehicle
Guidance (AVG) for the coming years. This is being done in co-operation with the private
sector, in particular with the objective of improving road safety and road utilization. The
intention is to fit in with international developments and to realize the necessary legal
frameworks.
The government has further resolved to prepare and execute the following actions.
~ The government will determine the most hazardous sections and black spots in the national
trunk road network and improve them.
~ The government will start a trial with a speed governor in light trucks and vans. This will be
done in co-operation with the private sector. After the trial, and taking account of the results,
the government will commence efforts for amendment of the law in the European context.
~ A cabinet standpoint is being prepared on administrative enforcement of traffic regulations.
This entails that municipalities and provinces will themselves be able to decide on their
approach to the enforcement of road safety. They may use the revenue from the administrative
penalties themselves, for their own purposes.

9

~ The government aims to extend the five pilot studies with intensive police supervision of
regional enforcement of traffic regulations to all 25 police regions in The Netherlands.
~ The government will intensify the enforcement of speed limits on the motorway network,
through extra deployment of the national police force.
~ The government aims to introduce a beginners’ driving licence for newly qualified drivers.
~ Depending on the results of further research, a blood alcohol limit of 0.2 mg/ml for either
newly qualified drivers or all drivers could be introduced in 2002.
~ The government will give an impulse to the introduction of Intelligent Speed Adaptation
(ISA). After the first, successful trial in a residential neighbourhood in Tilburg, large-scale
trials are planned.
~ The government is developing a strategy for the introduction of electronic vehicle
identification and electronic registration numbers. In the first instance, this will relate to
combating registration number fraud. Later, it will be possible to add, for instance,
enforcement of the traditional vehicle requirements.
~ The government will give an impulse to the development and application of the on-board
computer and the driving behaviour data recorder (black box). The accent lies on the
commercial market, especially freight transport, with the objectives of realizing logistic
advantages and contributing to safer driving behaviour. A pilot study is being started.
~ The government is developing measures which improve the protection of vehicle occupants,
both in individual and collective passenger transport and in freight transport. These involve,
among other things, improving the seat and headrest constructions of cars to help prevent
whiplash; collision compatibility; and requirements for the roof construction of buses.
Within the scope of the present policy, the government will start the following research
studies.
~ Research into the possibilities of safer road behaviour have high priority: what means and
activities can be used to teach new road behaviour, restrict undesirable road behaviour and
encourage desirable road behaviour. The background of this is the endeavour to further
harmonize measures focusing on the road infrastructure, road behaviour and the vehicle. The
desired strengthening of the policy on behaviour makes it necessary to conduct thorough
research into the possibilities for innovation of the instrumentarium.
~ The government will start a study on the relation between road infrastructure, road
behaviour, road accidents and consequent injuries, so that a measures-oriented policy can be
pursued. A point of attention is restriction of the number of serious injuries.
~ Better embedding of road safety in policy areas outside the direct road safety policy can be
very effective. The relation with spatial planning and urban development will be further
investigated. One of the possibilities is to introduce a road safety audit for spatial plans.
~ An approach focusing on the vulnerable road users is extremely important for road safety.
Further research will be conducted concerning numerous effective measures for this category.
~ The government will take the initiative to research the influence of alcohol, medications,
drugs and unhealthy lifestyle on driving behaviour in the freight transport sector, possibly
followed by a package of measures to be formulated in conjunction with the sector for a
business-oriented approach (safety culture).
* European co-operation
Co-operation on the European scale is essential. National legislation and regulations are
increasingly determined by European directives. Co-ordination of policy on the European
scale will increase, while the possibilities for subsidies to sectors are becoming ever smaller.
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The following topics have priority in the Dutch contribution to policy-making in the European
Union.
~ The Netherlands will intensify the efforts in the various European bodies to speed up
European harmonization of vehicle requirements and rules of behaviour. These relate to,
among other things, improvement of the field of vision in new and existing trucks, vans and
buses, performance requirements for stability (anti-overturning), and the introduction of a
European dynamic overturning test for new trucks.
~ The government will stimulate further improvement of the collision safety of new cars by
means of contributions to EU research and policy-making, and by influencing car purchasing
behaviour (EURO-NCAP).
~ Electronic vehicle identification.
European co-operation also involves attention for a number of Eastern European countries
which in time will become members of the European Union. Road safety in Eastern Europe is
many times worse than in Western Europe. A Memorandum of Understanding (MOU) has
been concluded with several of these countries, which entails setting up special joint ventures
between The Netherlands and the countries concerned. These can relate to, for instance, the
exchange of information and the provision of training courses for traffic experts in those
countries.
There is also a joint venture, again an MOU, with the United States, and special co-operation
with the Transportation Systems Center Volpe, the American government’s research institute.
* Effects of the Dutch policy
The Netherlands is already one of the safest countries; yet this is no reason for satisfaction.
The number of road accidents must be further reduced, and so too must their costs to society.
Provided that the present policy is continued and intensified, the ambitious targets can be
approached or even attained. It may be expected that these revised policy resolutions will
result in greater road safety and less nuisance in road traffic.
The government tolerates mobility for everyone, although under the condition of an
acceptable degree of road safety. It will approach matters at the national level where
necessary, but will further stimulate a regional approach to matters for which this is possible.
A Dutch maxim is: the polluter pays. This principle will also be increasingly applied to traffic.
Drivers will bear the consequences of road use: maintenance and management, damage to the
environment, and the costs of road accidents are going to be expressed as a price per
kilometre. In a few years’ time, road users will pay for their use of the road infrastructure, as a
price for each kilometre they drive; and in exchange, the present fixed-rate road taxes will be
reduced.
The Netherlands is choosing quality: quality of human life and quality of the environment. We
may have mobility, but must have road safety !
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Summary
This paper summarizes the four-year research project that is being undertaken to develop and
implement a new road safety management framework for a national road network. The three
inter-linked documents that put in place the framework are collectively known as the strategic
safety plan. The aim of the strategic plan is to deliver casualty reduction through a consistency
of approach across the whole motorway and trunk 'A' road network. By spreading best practice
throughout the Agency, ensuring that monitoring is undertaken that will identify the success of
safety work, delivering best value for money and enabling reporting on progress towards the
casualty reduction targets.

Background
The Highways Agency is an executive agency within the U. K. Government. The Agency is
responsible for maintaining, operating and improving motorways and major inter-urban roads
in England (known as the trunk road network), comprising some 10,600kms of carriageway.
The motorway and trunk 'A' road network accounts for 3.7% of all roads in England and only
12% of all reported accidents occur on the network, yet it carries 34% (135 x 109 vehicle-kms)
of all traffic. This makes it the safest network in England and one of the safest in the world.
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The Agency has always pursued high standards on the trunk road network. Whether this has
been achieved through upgrading, maintenance or management of the network, improvements
in safety and accident reduction have been key considerations. The result has been a steady
reduction in the rates of the more severe casualties, killed and seriously injured (KSI’s) against
an ever-growing demand on our network.
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But there is little room for complacency. With ever increasing levels of traffic using the
network and armed with the knowledge that new casualty reduction targets were due to be
announced, the Agency in 1998, commissioned the Transport Research Laboratory (TRL) to
undertake a four year contract. To review current safety practices within the organisation,
develop trial and implement a new management framework for safety work to meet the
demands of the next millennium.
The Agency has now completed the first two stages of that project with the final stage
underway. This paper explains the development to date of what is known as The Highways
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Agency’s Strategic Safety Plan and delivers a view into the future to show the longer-term
aspirations for the project.

Past Approach
Safety work has always been a high priority for the Agency, with a ring-fenced budget for
safety work (£54M in 2000) it has relied on its maintaining agents (24 across the whole
country) and regional office managers to identify, prioritise and implement a programme of
safety schemes. Delivery of these programmes was achieved by regularly collecting and
analysing accident data, identifying locations with high or abnormal accident patterns (cluster
sites), designing measures to rectify the problems at those sites and bidding for funding to
build the schemes. This process was known as the safety planning cycle and was undertaken
annually. This can be best described as a bottom up process that lacked a centrally coordinated direction.
In many respects, whilst this work was successful in delivering overall accident reduction
across the trunk road network, managing agents, area and route managers carried out this work
in isolation, without any true understanding of how their route featured in the wider scheme of
things. For example, how their top priority schemes rated against other similar schemes in
other regions or indeed whether the relative safety record of their route was higher or lower
than the average for the network.
With the knowledge that the U.K. government was considering new road casualty reduction
targets for the years 2010 when the current time bound targets were reached (December 2000).
The Agency took the decision to review its management processes for safety work to establish
if there was any scope for improvement in the management of safety work along with
delivering better value for money than it was already getting from its safety budget.

New casualty reduction targets for 2010
The Government has tasked the Agency to deliver a 33% reduction in the number of killed
and serious casualties by the year 2010, and a 10% reduction in the rate of slight casualties.
The development of the strategic safety plan is in response to the U.K. Governments
announcement of these new targets for 2010.

Project Brief
Safety of the travelling public has always been fundamental to the management and
improvement of the trunk road network. Most of the physical work carried out on the roads
achieves an element of accident reduction, and in some cases may be the primary reasons for
work. As a result of the long-standing importance of safety, it has not previously separately
measured, or managed in a strategic terms.
The objectives of the research project were to:
• Review the way accident data is collected and used.
• Review current safety scheme implementation practises throughout the Agency.
• Identify best practice and disseminate it through out the organisation
• Consider and make recommendation on scope for management improvement
• Explore and refine options for development of a strategy
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•
•
•
•

Research specific topics associated with the management of the safety on the trunk road
network.
Develop a management framework for the safety strategy.
Develop tools to implement the strategy across the organisation.
Roll out and support the strategic plan

New Approach
As I have stated earlier in this paper, The Agency has now completed the first two stages of
that project with the final stage nearing completion.
The first stage of the project reported on the current state of play within the organisation,
consider what was best practice and where it was being utilised and offered a number of
options for making changes to the way safety was managed. It also identified that the
collection and analysis of accident data was not uniform across the regions, but recognised
that this matter was best addressed outside of the current project. The report recommended
that this project should focus on improving management systems as it had identified that at a
regional office level, scheme by scheme, good safety work was being achieved. It was clearly
identified that there was no overall management of safety work network wide. That regional
offices and individual members of staff did not have a clear picture of the overall scope of the
problems across the network or knowledge of basic facts and figures concerning accident
levels on the network.
The second stage of the project set about establishing what was required to improve the
provision and distribution of information, also how to promulgate best practice and monitor
performance against measured targets along with the development of the management
framework required to deliver it. The project identified that there was more than one target
audience. Not only should HA managers, staff delivering work programs and their managing
agents be better informed. But also there was an opportunity to inform politicians and the
general public about the Agencies intentions, aspirations and performance.
Meetings with practitioners in the regional offices established that the collection and
distribution of detailed route specific data was sufficient, but that high level data about the
network as a whole could be better. Also improvements were needed in the monitoring of the
success of accident remedial schemes along with monitoring against set targets. These
meetings also established what safety management systems were being used and how they
matched up to the ‘best practice’ model developed in stage one of the project.
Having identified what was required the project team set about developing the documentation
necessary to ensure that managing agents and Highways Agency staff involved in safety work,
were all aware of and able to implement the best practice model. This culminated in the design
of the three documents known as the strategic safety plan.
Figure 1 shows the strategic plan framework and the interaction between data, people and
documentation. The key to its success is the three tier documents, what they contain and their
purposes within the strategic plan are outlined below.
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Top Tier Document - Information
The top tier document is directed at people outside the Agency. It emphasises the Agency's
commitment to improving safety, identifies past performance and highlights our customer
focus by outlining for each separately identified user group on our network the issues for the
group, the objectives the Agency have identified and actions that are planned to address the
issues raised.
The document states the Agency's key objective, 'To improve safety for all road users and
contribute to the Government's new safety strategy and targets for 2010'. It lists the key tolls
that will be used to meet the objective, they are:
§ Infrastructure
§ Technology
§ Education
§ Encouragement
§ Enforcement
§ Partnerships
§ Management & Monitoring
The top tier document entitled 'Making the Network Safer' is a glossy publication, which will
be reviewed and published every 3-5 years. The object of the document is to inform the
general public, be a source of information about road safety on the Highways Agency's
network.
Second Tier Document - Management
The second tier document (which is to be published annually) is an internal management
document targeted at network managers and project delivery teams within the Agency. The
object of the document is to provide information on progress on casualty reduction targets,
give a network wide overview of accident statistics, including maps showing accident levels
and rates across the whole motorway and trunk 'A' road network. Offer information
concerning bidding for funds for safety schemes; provide an update on the latest safety
research work and innovative ideas for casualty reduction.
Third Tier Document - Operational
The third tier document is a live operational document. This means that there is no regular
publication, but a content guide has been produced with guidance on how the safety planning
cycle (see figure 2 &3) should be managed. The operational document deals with the day-today safety management at the route level. The document, which is complied and maintained
by route managers, will contain: annual safety reports, a prioritised list of proposed safety
schemes based on accident evaluation analysis, detailed accident data for the route, traffic data
for the route, a diary of events on the route and monitoring reports on past safety schemes. It
will also include information on staff resources requirements, initiatives and priorities at a
local level. The purpose of the document is to provide a continuous updated history of
individual routes on the trunk road network.
Stage three of the project commenced with a series of workshops in all the regional offices
across the country. These workshops were followed with the launched on 1st March 1999 of
the strategic safety plan. In it’s introductory year the project team monitored how it was
accepted and operated by staff in the regional offices. Consequently changes are currently
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being made to some of the documents to give a clearer steer to on safety management. These
changes are due to introduced shortly with a second release of the documents.
Future work
The strategic plan will continue to be developed over the next few years, areas for
development include:
§ Delivery of data direct to PC workstations in the regional offices.
§ Provision of traffic and accident data on interactive GIS.
§ Development of accident intervention levels for the network.
§ Investigating the benefits of mass action initiatives
§ Developing the use of risk audits on existing route
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Figure 1 Strategic Plan Framework
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workshop to design safe road environments for older drivers
Jennifer Oxley, Bruce Corben, and Brian Fildes
Accident Research Centre, Monash University, Victoria Australia.

Abstract
Older drivers are involved in significantly more serious injury and casualty crashes per
kilometre driven than younger drivers and this rate is expected to increase as older people
drive more and the population ages. Road design plays a major role in road safety, however,
has generally not taken the older road user into consideration. There is therefore a need to
take effective action to reduce risk levels to older road users by designing roads that
accommodate the needs and capabilities of this vulnerable road user group. This paper
describes a research program that examines the suitability of road design in Australasia for
older drivers. The findings from an older driver crash ‘black-spot’ site study highlight the
difficulty experienced by older drivers of selecting safe gaps at intersections which is
exacerbated by factors such as limited sight distance, high task complexity, high traffic
volumes, high approach speeds and wide, multi-lane carriageways. Some recommendations
are made to target this problem for older drivers including replacing stop and give-way signs
with fully controlled traffic signals, provision of roundabouts, and provision of fully
controlled right-turn phases (left-turn in US and some European countries). A handbook and
training package are under development to promote these recommendations to ensure they
receive maximum use by Australasian road authorities and provide awareness of the
difficulties experienced by older drivers.

INTRODUCTION
The absolute number of older driver crashes is currently not a large road safety issue in most
Western societies, compared with other age groups such as young drivers aged 18 to 25 years.
Moreover, drivers aged 65 years and over are commonly perceived as cautious and relatively
safe drivers. The overall number of older driver crashes, however, obscures the magnitude of the
older driver problem. There are relatively fewer older drivers compared to younger drivers on
the road, and their total annual distance travelled tends to be less. Thus, when crash statistics are
adjusted to take account of the distance travelled, the safety of older drivers is clearly an issue of
concern. Figure 1 shows the number of serious injury crashes per billion kilometres travelled by
age group for Australian drivers with and without adjustment for differences in physical
vulnerability. The data indicate that both younger and older drivers have high levels of crash
involvement compared to other age groups, even after controlling for differences in exposure and
vulnerability. International figures show similar trends.
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Figure 1: Rate of serious casualty crashes in Australia by age group, 1996
(Source: Australian Transport Safety Bureau [ATSB], 2001)
Moreover, this rate is expected to increase as older people drive more and the population ages.
The proportion of persons aged 65 years and older in the Australian community is increasing
more rapidly than any other age group and is predicted to increase from 11.1% in 2001 to 24.2%
in 2051. Furthermore, the ‘old-old’ generation will become a more substantial sector of the
population in the future, with predictions of a four-fold increase in the proportion of persons
aged 85 years and over (Australian Bureau of Statistics, 1999). On the basis of growth in the
older population, older driver safety is likely to become a larger issue in the years ahead, in part,
as a consequence of the increased number of older potentially more mobile drivers in the
community. These changing demographics highlight the magnitude of the future problem and
promote a sense of urgency to better understand the crash risk of older adults and the role that
road design can play in reducing this risk.
Age-related changes and the impact on ability to drive safely
Older drivers have distinct and different crash and traffic violation patterns compared to younger
drivers. The causes of older driver crashes are undoubtedly complex and poorly understood,
however, it is often argued that the over-involvement of older adults in crashes is largely a
consequence of their behaviour in traffic and their ability to cope with traffic situations (Cooper,
Tallman, Tuokko & Beattie, 1993; Benekohal, Michaels, Shim & Resende, 1994; Eberhard,
1996). Eberhard (1996) argued that behaviours that lead to older people’s crashes seem to be
related to inattention or slowed perception and responses than to deliberate unsafe actions that
are more common to younger drivers, such as speeding, and drinking and driving. In heavy
traffic, at night on poorly marked roads, at complex intersections or in a potential crash situation,
the demands placed on older drivers can exceed their abilities to avoid a crash.
Safe and efficient driving requires the adequate functioning of a range of abilities and loss of
efficiency in any function can reduce driving performance and increase risk on the road. The
task of driving is becoming a greater challenge for all motorists and this challenge increases
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exponentially with age. Unfortunately, as age increases, many abilities decline and health
conditions become more common. There are a number of excellent reviews of functional
impairments and health issues and the relationship with driving, particularly those by Janke
(1994), Marottoli (1996), and Marotolli, Richardson, Stowe, Miller, Brass, Cooney and Tinetti
(1998). The most pronounced effect of ageing for all people is the loss of sensory, cognitive and
motor skills with advancing years. While there are many individual differences in the ageing
process, even healthy adults are likely to sustain some degree of impairment. These losses
include the following:
•

declines in visual acuity

•

declines in attention capacity

•

declines in contrast sensitivity

•

•
•

visual field loss
reduced dark adaptation and glare
recovery
loss of auditory capacity
reduced perceptual performance
reductions in motion perception

•
•

declines in cognitive processing
ability
decision time deterioration
loss of memory capacity

•
•
•

neuromuscular and strength loss
postural control and gait changes
slowed reaction time

•
•
•

The contribution of road design to older driver crashes
It appears that the complexity of the road environment can place increasing demands on an older
driver’s adaptability, whilst ageing diminishes the capacity to cope with such situations. Worldwide crash data suggests that complex intersections are particularly troublesome for older drivers
(Stamatiadis, Taylor & McKelvey, 1991; Benekohal et al., 1994; Staplin, Harkey, Lococo &
Tarawneh, 1997; Fildes et al., 2000). Others, too, have reported that rear-end collisions, crashes
at signalised intersections, crashes while merging and during backing manouevres and turning
across traffic are common forms of crash involvement for older drivers (Garber & Srinivasan,
1991; Transportation Research Board, 1992; McKnight, 1996). Complex traffic situations may
lead to difficulty in making appropriate decisions for older drivers because they must integrate
and process many sources of information and act on that information.
It is important to recognise that the road transport system has, in general, not explicitly taken the
older driver into consideration. Road design manuals, both in Australia and internationally,
outline design criteria for the geometric design of roadways, and are based on available literature
and sound engineering principles and practice. However, for the most part, these criteria are set
from standards based primarily on measures of performance of the 85th percentile of the driving
population, i.e., young and healthy males (Waller, 1991). Little, if any, consideration is made for
drivers with disabilities, including age-related changes and health disorders, yet these changes
can markedly affect these drivers’ ability to interact safely with their environment.
A US committee (Transportation Research Board, 1988) recognised over a decade ago that the
roadway can be better designed to accommodate the needs and abilities of older road users. This
committee concluded that present sign visibility and maintenance standards used in intersection
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design and traffic operations are inadequate and fail to account for the capabilities of older road
users. Fildes, Lee Kenny and Foddy (1994) found that older Australian drivers complain about
the lack of consideration given to their special needs in road signing, lighting condition, merging
lanes, pedestrian crossings and pavement surfaces. More recently, The Federal Highway
Administration (FHWA) in the US has been working towards a Highway Design Manual that
provides recommendations to road features including intersections and interchanges, road curves,
passing zones and construction zones that take note of the special needs of older drivers (Staplin,
Lococco & Byington, 1998).
Road design for older drivers in Australasia
The Monash University Accident Research Centre has undertaken a two-staged project to review
the suitability of current road design requirements for older drivers in Australasia and to develop
a handbook and training workshops for road and traffic engineers to design safe road
environments for older drivers.
The first stage of this research program sought to explore whether current Australasian road
design standards suit older drivers and whether there are aspects of these standards that should be
changed in light of the anticipated increasing older population. It involved four phases including
a literature review, an analysis of the FHWA’s Highway Design for Older Driver Handbook
(Staplin et al., 1998), a one-day expert workshop and investigations of older driver crash blackspot sites. Detailed descriptions of these phases can be found in Fildes et al (2000) and are
summarised below.
Review of literature and FHWA’s Older Driver Highway Design Handbook
The FHWA’s handbook makes 90 recommendations for highway design change in the US to suit
older drivers and their diminishing sensory and cognitive capacities. At-grade intersections are
the top priority in this handbook because intersections are the most problematic road feature for
older driver crash risk. Next, difficulties with merging/weaving and lane changing operations
are focussed on because older drivers experience difficulties with these manoeuvres. Last,
roadway curvature, passing zones and construction zones are included because these road
features can heighten tracking (steering) demands and may increase drivers’ workload, and there
is an increased potential for unexpected events requiring a swift driver response.
Discussion of applicability of FHWA recommendations to Australasian roads
A committee of Australasian experts in the field of road design, road safety and human factors
and ageing was organised to discuss the recommendations made by the FHWA and consider the
desirability of changes in road design criteria to accommodate older drivers in Australasia. The
FHWA’s recommendations were aggregated and refined into 45 individual recommendations
that were considered applicable to Australasian roads and these were classified into four
‘importance’ categories related to implementation (Table 1).
Recommendations that were considered necessary to implement immediately in Australasia
included i) multiple advance signing at minor and major interchanges, ii) advance warning of
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stop signs with poor visibility, and iii) fixed lighting at locations where high pedestrian volumes
and/or complex manoeuvres occurred. Some examples of recommendations, while seemingly
desirable, but required further research and development before implementation included i)
unrestricted sight distance and right-turn intersections (left-turn in the US and European
countries), ii) increased contrast between painted edge of road, iii) separate signals to control
movements in each turn lane of traffic, iv) increased letter height on signs, and v) suitability of
traffic signal lamps for older drivers.
Table 1: Summary of classifications of the importance of road design
features for Australasian roads.

Response Categories

Proportion

The recommendation is not suitable for Australasia

2%

The recommendation already exists in Australasian
Road Design Guidelines

16%

The recommendation should be implemented
immediately in Australasia

20%

Further research and development is required before
this recommendation should be implemented

62%

Older driver black-spot crash site investigations
To further examine the relationship between road design features (believed to influence the
safety of older drivers) and the older driver1 crash experience in Australasia, a crash
investigation study was undertaken. Sixty-two older driver black-spot crash sites in four
jurisdictions (Tasmania, Victoria, Queensland and New Zealand) were selected for analysis to
explore the potential for road design features to prevent common older driver crashes in
Australasia and to provide further evidence for prioritising road design features for
implementation.
Older driver crash black-spot sites were selected using crash data supplied by each jurisdiction.
Locations were ranked according to the number of crashes involving older drivers (crashes
involving at least one older driver). From the list of high older driver crash locations, a sample
of sites was selected for closer examination. This method was used in order to investigate
crashes across a range of rural and urban locations including metropolitan locations. A strategic
crash analysis was conducted at each black-spot site in each of the four jurisdictions. For each
black-spot site data were collected relating to each older driver crash that occurred there in the
last 5 years. The Police supplied accident report forms and collision diagrams for each of the
crashes that occurred. A research team comprising an engineer, human factors psychologist and
road safety expert reviewed this information and summarised the potential contributing factors to
1

Older drivers have been defined here as drivers aged 65 years and older.
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each crash as well as the culpability of those involved. Following this, the team visited the crash
location and completed a structured questionnaire that examined the road design characteristics
of the location. The probable involvement of road design features associated with each
recommendation in older driver crashes at these sites was assessed during the site analysis. The
assessment of road design features took into account the following:
•

The main problem factors for older drivers at each of the black-spot crash sites,

•

The potential for each road design feature to have contributed to the older driver crashes;

•

Whether implementation of the road design features would have prevented the crashes at
each location, and

•

The importance of each road design feature weighted and ranked in order of potential
contribution.

The vast majority of older driver black-spot crash locations were intersections, some of which
appeared to present serious crash problems for older drivers, while some other intersections
displayed spatially dispersed crash experience with no clear patterns. Figures 1 and 2 show some
examples of the types of intersections inspected in this analysis. They demonstrate that older
drivers experience problems at complex intersections with poor sight distance, high volumes of
traffic and high speeds. Crashes involving older drivers also often occur as the older driver is
attempting a complex manoeuvre such as making a right-turn (left-turn in the US and European
countries) across traffic without the aid of right-turn phase signal control.

Figure 1: A complex intersection with
partial control of right-turning traffic,
allowing filtered right-turns.

Figure 2: An intersection controlled by
stop signs with poor sight distance.

The single, most significant and robust finding of this study was that the principal problem for
crash-involved older drivers was selecting safe gaps in conflicting traffic when making decisions
at intersections. This basic problem manifest itself mainly at intersections controlled by stop or
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give-way signs, or at intersections controlled by partial control of right-turn manoeuvres. At all
controlled intersections, the gap selection task for older drivers was often exacerbated by a
number of additional factors. These factors and their estimated contribution to crash risk are
summarised in Table 2.
Table 2: Contributing factors to older driver crash risk at intersections.

Contributing Factor

Proportion

Gap Selection

58%-85%

Limited sight distance

20%-45%

High task complexity and the presence of other road users

25%-73%

High traffic volumes

7%-80%

High approach speeds of conflicting traffic

25%-73%

Wide, multi-carriageways to be negotiated

13%-33%

A major focus of the crash analysis was to identify the likely role that the proposed changes in
highway design specifications played in older driver crashes. The purpose of examining this
relationship was to define possible theoretical links between road design features and the
probable contributing factors to older driver crashes. Thus, the likely (probable involvement) of
each factor was assessed at each black-spot crash site and summed to provide overall results.
The assessment of road design features took into account the following:
•

The main problem factors for older drivers at each site,

•

The potential for each road design feature to have contributed to these crashes,

•

Whether implementation of the road design features would have prevented the crashes at
each location2, and

•

The importance of each road design feature weighted and ranked in order of potential
contribution. [This figure was calculated according to the percentage of sites, where the
given design feature was theoretically applicable or relevant, and the percentage of sites
where the given road design feature was considered to have actually contributed to the main
crash pattern at that site3].

2

For each crash site, the research team estimated whether the suggested road design feature could have been applied
at that location (applicability) and also whether it could have had the potential to prevent the crash (probability).

3

The weighted figure (for each road design feature) was calculated by multiplying the applicable % by the probable
%.

7

The top ten road design features ranked according the their applicability and probable
contribution to older driver crashes at the sites investigated are listed in Table 3.
Table 3: Road design features ranked according to the applicability
and probable contribution to older driver crashes.
Overall
Road design feature

Weighted
Percent

Applicable

Probably

Could a lack of the use of separate signals to control
movements in each turn lane have contributed to the crashes?

50%

45%

23%

Could restricted sigh distances at right-turn intersections have
contributed to the crashes?

68%

33%

23%

Could a perception-reaction time distance for ISD’s of <2.5 sec
have contributed to the crashes?

90%

25%

23%

Could a restricted sight distance and lack of right-turn offsets
for stop-control and right-turn have contributed to the crashes?

66%

15%

10%

Could the absence of minimum receiving lane width of 3.6m
with 1.2m shoulder width have contributed to the crashes?

61%

13%

8%

Could the absence of treatments to prevent drivers choosing
wrong lanes have contributed to the crashes?

48%

17%

8%

Could unsuitable traffic signal lamps have contributed to the
crashes?

34%

24%

8%

Could a lack of minimum sight distance of 215m above 65km/h
have contributed to the crashes?

18%

36%

6%

Could a lack of lane-use control signs plus lane-use arrow road
markers have contributed to the crashes?

56%

9%

5%

Could a lack of left-turn channelisation with provision of
adjacent pedestrian refuge at left-turn slip lane have contributed
to the crashes?

35%

14%

5%

As a result of defining these links and assessing the relative importance of each road design
feature, opportunities for improvements to road design standards to enhance older driver safety
were identified. It was concluded that road design enhancements which focus on the following
issues have the potential to reduce crash, and possibly injury, risk for older drivers:
•

Improve sight distances for older drivers at intersections controlled by stop or give-way
signs,
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•

Separate right-turn movements performed by older drivers at traffic signals from opposing
through movements,

•

Enhance the conspicuity of traffic signal displays at signalised intersections, and

•

Clearly define permissible vehicle paths and prevent wrong choices or use of traffic lanes at
intersections.

As noted previously, the most robust finding in this study was that older drivers appear to
experience problems in selecting safe gaps in complex traffic situations. It was concluded that
road design measures that reduce the reliance of older drivers on declining gap selection abilities
should receive high priority. The opportunity exists through enhancements to road design
standards and practices to reduce older driver crash and injury risk in circumstances where safe
gap selection is critical. While it is not possible to eliminate the gap selection task for drivers at
all intersections, it is possible to modify, through road and traffic engineering design, the nature
and risk associated with the gap selection task for older drivers. Suggested countermeasures to
target this problem for older drivers could include:
•

Replacing stop and give-way signs with fully controlled traffic signals in appropriate
locations to lessen the decision-making task for older drivers,

•

Provision of roundabouts – with roundabout control, older drivers need only select a gap in
one direction of the traffic at a time. In addition, this countermeasure addresses problems
with high speeds of approaching vehicles,

•

Provision of fully controlled right-turn phases – this greatly simplifies the gap selection task
for older drivers and addresses site-specific problems with limited sight distance, high traffic
volumes and high speeds.

Promotion of road design recommendations
This stage of the research is designed to promote the set of road design recommendations
relating to older driver safety in Australasia to ensure that they receive maximum use by road
authorities. To do this, three tasks are currently underway and are summarised below.
Older driver handbook
An older driver handbook is currently under development. This will be a practical, easy-to-use
guide for road designers and traffic engineers and contains information to design roads that will
accommodate the needs and capabilities of older road users. Specifically, it contains the
recommendations and guidelines highlighted in the first stage of this project. It also contains
extensive sections covering the rationale and supporting evidence of age-related limitations and
consequent crash risk for each recommendation.
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Training Workshop
In addition to the handbook, a training workshop is being developed. The training workshop will
provide road designers and traffic engineers with some awareness of the difficulties experienced
by older drivers when using the road system. It will also promote the use of the handbook.
Specifically, the objectives of the training workshop will be for road designers and traffic
engineers to i) understand why an older driver road design handbook is needed, ii) understand
the relationship between the handbook and existing design manuals, iii) understand age-related
changes and how they can affect driving performance, and iv) learn what the handbook contains
and how it can be applied.
Liaison with Australasian National road authorites
At this stage, the handbook contains road design information and recommendations that will help
accommodate the needs and capabilities of older drivers. These recommendations, however, do
not constitute a new standard of required practice. When and where designers apply each
recommendation remains at their discretion as the expert practitioner. On-going consultation
with the national road authority of Australasia (Austroads) is underway to assist in having the
recommendations formally incorporated within national road design standards.
CONCLUSIONS
Road design plays a major role in road safety and it is suggested that the design of the road
environment may contribute to the level of risk that older drivers face on the road, particularly
because of the combination of complex road environments and diminished information
processing abilities of older drivers. Moreover, as the population ages, it will become
increasingly important to design roads that will accommodate the needs and capabilities of older
road users. To address this problem, a research program is underway to recommend and
promote road design features for implementation in Australasia that will accommodate older
road users.
The analysis of older driver black-spot crash sites has identified that the principal problem for
older drivers is selecting safe gaps in conflicting traffic at intersections and that this is
exacerbated by other road and traffic features. A number of changes in road design features
were highlighted in this process that have the potential to reduce crash risk for older drivers.
These include improved sight distance at intersections, separate right-turn movements at traffic
signals, enhanced conspicuity of traffic signal displays, and clear definition of permissible
vehicle paths at intersections. In order to promote recommendations from this research and
ensure that they receive maximum use by road authorities, a handbook and training workshops
are being developed. These will provide the road design and engineering community with an
awareness of the problems that older drivers face and information on the design
recommendations.
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COULD ADHERENCE AND ROAD GEOMETRY BE USED TO
IDENTIFIY THE AERAS OF RISKS ?
Michel GOTHIÉ, LRPC de Lyon (France). Phone : (+33) 4 72 14 32 93

SUMMARY
Although road traffic accidents rarely have a single cause, if we take into account the
relative amounts of time pavements are wet rather than dry, twice the proportion of accidents
occur on wet pavements. This paper uses a number of case studies to attempt to assess if
adherence and road geometry could explain the increased risk during wet weather.
In recent years, the link between pavement surface characteristics and accident risk on
wet pavements has been demonstrated by a number of authors from different parts of the
world. The analysis conducted in the studies described in this paper confirms this link,
without claiming to measure in absolute terms the effect on road safety of the factor
considered (friction, texture or layout). Nevertheless, comparisons between case studies on
routes with very different layouts and driving conditions show that:
friction and texture characteristics have the same type of effects on the accident rate on
wet pavement, namely :
the accident rate tends to increase when the sideway force coefficient or the
macrotexture diminishes,
the change in the accident rate is not steady, but becomes much less below certain
values.
the curvature radius of the bends, on difficult road layouts, is an important factor of
influence on the accident rate, and on the severity of these accidents.

INTRODUCTION
The general opinion on the extent to which adhesion has an effect on road safety, is far
from being unanimous. It is important to remember that the cause of a road traffic accident is
rarely due to one single factor. For accident specialists, driver behaviour is the main cause and
the pavement surface is only one factor amongst others. For road engineers, adequate skid
resistance on a wet pavement surface is highly important. In France, figures show that about
20% of accidents resulting in injury occur on wet pavements, whereas on average, pavements
are only wet for about 10 to 12% of the time.
The central laboratory for roads and bridges (Laboratoire Central des Ponts et
Chaussées) has participated in work on this subject, through the launching of a line of research
from 1991 to 1993 (ESR 05). Within the scope of this line of research, several concrete case
studies were carried out in order to analyse the effect of skid resistance on safety, assessed by
means of a friction/force coefficient and a macrotexture value. The present article summarises
the results of three of these studies, carried out on routes or locations with very different road
layouts and traffic conditions:
• a major regional urban ring road, on which several techniques for the improvement of
surface characteristics were tested,
• several sections of main roads linking several large urban areas in the Rhône-Alpes region,
• a section of a specific main road, chosen for its particularly difficult layout.
The data obtained from these studies are similar to those obtained in other studies
quoted at the end of this article and to the results presented in publications of the World Road
Congress in Marrackech (1991), in the session dedicated to pavement surface characteristics.
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The decrease in road safety when pavement surfaces are wet has led to considerable
research ([1] to [8]), on the analysis of the relationship between pavement surface
characteristics and the rate of accidents. An illustration of the results of part of this research is
given in figure 1, based on the bibliography produced by Mr Delanne (LCPC) and Mr Travert
(MICHELIN) [9].
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Figure 1 Relationship Between The Risk Increase Coefficient And The Friction Coefficient Of
The Pavement For Country Roads. The Risk Increase Coefficient Car Is The Ratio Between The
Accident Rate On Wet Pavement For A Friction Coefficient (FC) Measured At 65 km/h And
The Same Accident Rate When The Friction Coefficient (FC) Is Equal To 0.5.

A. Study Carried Out On A Regional Metropolitan Ring Road
This ring road comprising a dual carriageway in each direction, 35 km in length,
enables a North-South transit with a high proportion of HGV traffic. It also has to cope with
heavy regional traffic and a considerable amount of local traffic between the town centre and
the various suburbs or important public sites (airport, industrial complex, universities) in this
urban area. The speed limit on this ring road is 110 km/h and in 1992, the average daily traffic
had reached 38 000 vehicles in each direction.
A study was carried out during the period 1985-1994. From 1988 to 1990, the wearing
course of the whole of the ring road was renewed [10]. Various solutions were retained for
this maintenance work : skidabrader, asphalt concrete [11], recycled asphalt concrete, porous
asphalt concrete (PAC) [12], very thin asphalt concrete (VTAC) [13]. The aim of this
relatively wide choice was to examine how each of the immediate improvements of the
surface characteristics, brought about by each solution, would wear over time, and their
impact in terms of the reduction in road traffic accidents.
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The main objective of the study consisted in studying the impact, in terms of accidents,
over a certain number of years, according to the different surface characteristics of the various
wearing courses present on this ring road.
Amongst other things, this required:
the collection and the analysis of accidents resulting in injury, between 1985 and 1994,
a summary of the engineering and maintenance work carried out on the pavement
surfaces,
periodic skid resistance measurements:
with the SCRIM device (sideway force coefficient, SFC) [14]
with the ADHERA device (braking force coefficient, BFC) [15] and [16],
the collection and the analysis of climatic data over the given period of time,
statistical analysis of the results prior to and after applying the different wearing
courses.
The data related to accidents were expressed as an « accident rate » Αr , equivalent to
the average annual value, per kilometre and per vehicle, of the number of accidents noted on a
given section of road, multiplied by 108,or:

8
acc
n
Ar=
nveh∆t⋅L10

with:

nacc
∆t
nveh
L

,

representing the number of accidents during the observation period,
representing the duration of the observation period, expressed in days,
representing the daily number of vehicles (annual average)
length of the pavement surface studied (km).

Skid Resistance Modifications Over The Period 1985-1994
- Sideway force coefficient (SFC ) values
An analysis was made of a number of surfaces presenting SFC varying from 0.45 to
0.65, according to the nature of the pavement surface and its state of wear. The sections
examined were approximately 5 km in length (length related to maintenance work carried
out).
This analysis showed that under the effect of traffic and whatever the wearing course
applied, the value of the average SFC had decreased by 0.08, three years after the surfaces
were applied.
- Braking force coefficient (BFC )values
An analysis was made on a number of surfaces presenting BFC varying:
- from 0.34 to 0.43 for the BFC, measured at 40 km/h (BFC 40 ),
- from 0.13 to 0.32 for the BFC, measured at 110 km/h (BFC 110 ).
After 4.5 years of traffic, and for all the techniques studied, a decrease in the braking
force coefficient values could be noted. This decrease is much higher for the BFC40 than for
the BFC110. Depending on the surface, it was therefore noted that over this period:
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BFC at 40 km/h (x100)

- for the PAC and VTAC, the BFC40 and the BFC110 increase over the first six months
(erosion of the bituminous film), followed by a regular decrease thereafter. This
decrease represents:
- 0.09 (PAC) and 0.19 (VTAC) for the BFC40 ,
- 0.06 (PAC) and 0.07 (VTAC) for the BFC110 ;
-for the skidabrader asphalt concrete, contrary to the PAC and the VTAC, the first six
months of traffic corresponded to a considerable decrease (-0.13) for the BFC40 as for
the BFC110. After this period of rapid change, for the same period (1990 to 1994), the
following decreases were noted:
- 0.11 for the BFC40,
- 0.08 for the BFC110,
values roughly similar to those noted for the other techniques (figures 2 and 3).
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Figure 2. Evolution Of The Braking Force Coefficient BFC40, On The Ring Road Of A Regional
Metropolis, (Average Traffic: 38 000 Vehicles Per Day And Per Direction).
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Figure 3. Evolution Of The Braking Force Coefficient BFC110, On The Ring Road Of A
Regional Metropolis (Average Traffic 38 000 Vehicles Per Day And Per Direction).

For the period 1990-1994, regardless of the technique, and without taking into account
the modifications of the first months, the following average values can be noted:
- a decrease of 0.13 for the BFC40 ,
- a decrease of 0.07 for the BFC110 .
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As the effect of microtexture on skid resistance is more noticeable on friction
coefficient measurements taken at a low speed (and macrotexture more noticeable on friction
coefficient at high speed), this difference in the modification of friction coefficients, can be
interpreted, at a first glance, by the fact that aside from any structural evolution, the
microtexture of a pavement surface evolves more rapidly under the effect of traffic, than does
macrotexture.
Relationship Between The Skid Resistance, Assessed By The Sideway Force
Coefficient SFC, And The Accident Rate On A Wet Pavement.
Depending on the sections of pavement where the road works were carried out, the
observation period 1985-1994 was divided into three periods of 2.5 to 3 years, excluding the
year during which the road works were carried out. For each of these periods, the skid
resistance was assessed according to the results of the sideway force coefficient (SFC)
measurements taken by the SCRIM device.
For each section of road works covering a length of about 5 km, the average SFC
value for each of the three periods previously defined was calculated. A histogram was drawn
up of the SFC measured on the entire ring road for the three times that the SCRIM device
passed over the pavement surface. For each accident noted on a wet road, we applied the
average SFC value calculated for the corresponding section of road, after the reading of the
SCRIM device that was the nearest to the date of the accident.
We were then able to draw up the histogram of the SFC values on the accident-prone
sections of road. For each type of SFC, these elements enabled us to calculate the accident rate
on a wet pavement surface for 108 vehicles x km per year (Αr).
Poisson’s law applied to the number of accidents enabled us to calculate a 90%
confidence interval of the average rates calculated in this manner.

Accidents rate for 10 8
vehicles x km/year

Figure 4 illustrates the relationship between the SFC values and the accident rate
values. A significant increase for accident rates on the pavement sections with the lowest skid
resistance values can be noted.
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Figure 4- Relationship Between The Average Sideway Force Coefficient (SFC ) And The Rate
Of Accidents Resulting In Injury On A Wet Road On A Regional Metropolitan Ring Road
(130 km; 82 Accidents).
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B. Studdies Carried Out In The Rhône-Alpes Region
Studies were carried out on four routes involving main roads, joining several
metropolitan areas of the Rhône-Alpes region two by two, and each dealing with traffic of
about 10 000 vehicles per day. These four routes represent a total length of 215 km, on which
the national accident file gave mention of 201 accidents resulting in injury, on a wet pavement
surface over a period of 4.5 years.
For each of these studies we used the skid resistance and macrotexture measurements
taken by the SCRIM device, equipped with the RUGO ([17], [18]). The RUGO uses a laser
sensor that carries out the reading for a profile, enabling an equivalent texture depth by sand
patch test to be obtained by correlation and referred to as ETD (Estimated texture depth). For
each portion of itinerary measuring 100 m in length, the lowest SFC and ETD values given
every 20 meters by the devices, were noted.
Information concerning the nature of the wearing courses obtained through
pavement/itinerary diagrams in the french national road data bank, enabled us to retain only
the accidents that occurred on wearing courses that were actually in place when the SCRIM
device readings took place. Based on all these elements, we were able to establish histograms
for the distribution of sideway force coefficients (SFC) and texture depth by laser
measurement values (ETD) :
on the whole of each itinerary (figures 5 and 6),
on all the sections with at least one accident on a wet pavement surface (figures 7 and 8).
As the vast majority of sections studied had a sideway force coefficient between 0.4
and 0.8, we limited the following part of our analysis to the interval:
0.4 < SFC < 0.8.
The general statistic for French main roads at the same period (1989-1994, 50 000 km
of roads ) gives 2% of roads as having SFC < 0.4 and 4.3% of roads as having SFC higher
than 0.8.
For the texture depth calculated by laser measurement (ETD), the sections studied
where ETD < 0.2 only represent 0.75% of the routes and those higher than 1.2 represent
14.8%, over a wide interval. The analysis was therefore limited to the interval:
0.2 <ETD< 1.2.
This statistic is also similar to that for french national main roads.
For each of the different classes of SFC or ETD retained, we calculated the accident
rate for 108 véhicules×km/year, which gave figures 9 and 10, on which we transferred the 90%
confidence intervals obtained using Poisson’s law. As the validated SFC and ETD
measurements are not related to identical lengths, the reference systems for these two figures
are not quite the same.
Figure 9 shows the existence of a threshold below which the accident rate on wet
pavements distinctly increases. This threshold, at the limit between the classes [0.4-0.5] and
[0.5-0.6], corresponds to a sideway force coefficient (SFC), of 0.50. For the SFC values higher
than 0.50, the effect of the sideway force coefficient on the accident rate is insignificant
(overlapping of confidence intervals).
Figure 10 also clearly shows the existence of a macrotexture threshold (characterised
by an estimated texture depth value), below which the accident rate on wet pavements
increases very rapidly: this threshold, at the limit between classes [0.2-0.4] and [0.4-0.6],
corresponds to an ETD of 0.40.
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Depth ETD And Accidents Resulting In Injury,
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C. Study Carried Out On A Road With Difficult Layout
The third study was carried out on a section of main road with a difficult layout, in the
centre of France. This 13 km section of a two-lane road has to cope with daily traffic of
9 000 vehicles, 20% of which is made up of HGVs. The route is very sinuous, with very tight
bends. This study was carried out over the period 1987 to 1993. During this period, skid
resistance measurements were carried out seven times with the SCRIM device and accidents
resulting in injury were noted and analysed.
The accident rate on a wet pavement for 108 véhicules.km/year was calculated for all
the sections with a curvature radius lower than 350 m. These rates are on average 4 to 5 times
higher than in the first study example.

Accidents rate for 10 8
vehicles x km/year

As in the first case, the reduction in the SFC value is accompanied by an increase in
the rate of accidents noted, but this tendency is less noticeable than in the previous study
(figure 11). This difference is probably due to the strong influence of the road layout
compared to that of surface characteristics alone.

20
15

12,4
9,6

10
5

3,6

0
0,4

0,5
Min. Rate

SFC classes

0,6

Average Rate

0,7
Max. Rate

Figure 11 Relationship Between The Sideway Force Coefficient (SFC), And Accidents Resulting
In Injury, Occurring On A Wet Pavement : Main Road With Difficult Layout:
(13 km, 41 Accidents)

In addition to an analysis of the influence of surface characteristics, we also examined
the relationship between the horizontal curvature radius and the accident rate. Figure 12 shows
that the accident rate on a wet pavement increases considerably on pavement sections with a
low horizontal curvature radius.

Accidents rate for 108
vehicles x km/year
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Figure 12 Relationship Between The Horizontal Curvature Radius And Accidents Resulting In
Injury Occurring On A Wet Pavement Surface: Main Road With Difficult Layout :
(5.3 km, 38 Accidents)

In order to appreciate the seriousness of the accidents occurring in this location, for
each accident occurring on a wet pavement surface, we calculated the number of people
killed, seriously injured or suffering from minor injuries, by studying the costs resulting from
each type of accident, calculated by the Département d’Exploitation Sécurité of the CETE de
Lyon (estimation made in 1993):
- 244 000 €
- 22 100 €
- 1 500 €
- 2 100 €

for a fatal accident,
for a serious injury,
for a minor injury,
for an accident resulting in vehicle damage only.

On this difficult layout section of road, for which the sideway force coefficients (SFC),
are between 0.45 and 0.65, over 7 years the following accidents were noted:
Dry pavement

Wet pavement

Number of accidents

43

61

Fatal accidents

7

14

Seriously injured

17

44

Slightly injured

39

71

Vehicle damage only

8

33

The relationship between the sideway force coefficient (SFC), and the average cost of
accidents resulting in injury noted on a wet pavement was calculated (figure 13).

Accident average cost
(Euros)
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SFC classes
Figure 13 Relationship Between The Sideway Force Coefficient (SFC), And The Average Cost
Of Accidents On A Wet Pavement : Main Road With Difficult Layout (5.3 km, 38 Accidents)

The average cost was also compared to the value for the curvature radius of the
accident zone (figure 14). This figure clearly shows that the lower the bend curvature radius,
the more serious the accident on average.

Cost in Euros

120 000 €
100 000 €

112 050 €

80 000 €
60 000 €
40 000 €

41 620 €

57 630 €
29 900 €

22 410 €

20 000 €

8 080 €

-€
R < 250 m

250 m < R < 500 m

500 m < R

Curvature radius in m
Dry pavement
Wet pavement
Figure 14 Average Cost Of Accidents According To The Horizontal Curvature Radius On The
Entire Route (30 km).

These relationships between the accident rate and the sideway force coefficient,
between the accident rate and curvature radius, and between the seriousness of accidents and
sideway force coefficient, led to the conclusion that on a road with difficult layout, the factor
triggering the accident often seems to be linked to the curvature radius of the bends. Low skid
resistance then becomes a factor that worsens matters, by increasing vehicle impact speed and
thus the seriousness of vehicle occupant injuries.
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Conclusion
As was mentioned in the introduction, road traffic accidents are generally due to
complex processes, combining the effects of several factors, amongst which figure driver
behaviour and certain vehicle and infrastructure characteristics. The analyses carried out
within the scope of the three studies presented in the present document, compare the
relationship between one single variable only and the accident rate, and therefore do not claim
to provide an absolute measurement of the influence of this variable (sideway force coefficient
value, for example). However, the comparison of all these case studies, which correspond to
different road layouts and traffic conditions, show that:
friction and texture characteristics have a similar influence on the rate of accidents
occurring on a wet pavement, notably :
the accident rate tends to increase when the SFC and ETD decrease,
the increase in the accident rate is not constant and increases sharply below certain
values.
the radius of the curves, on difficult layouts, is an important factor of influence on the
accident rate, and on the severity of these accidents.
All these points could help to identify and locate the sections which present a risk for
user safety. They could also enable the best diagnostic to be made and propose the best
solutions for these sections.
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SEVERITY OF RUN-OFF-CRASHES WHETHER MOTORWAY
HARD SHOULDERS ARE EQUIPPED WITH A GUARDRAIL OR NOT
J.L. Martin*, Y. Derrien, P. Bloch, G. Boissier
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INRETS, France

Abstract
Context - On most French highways, hard shoulders are equipped with safety barriers to
protect vehicles from running off the roadway from either punctual obstacles like bridge
pillars, or in the presence of embankments or ditches for differences of level above 4 m. The
research question is to determine if there would be a global safety gain to the user in
systematically equipping all hard shoulders with safety barriers.
Methods - The severity of run-off the road is measured and compared according to if they
occur with a protected hard shoulder or a non-protected one, and in the latter case, whether
what is off the road is at the same level, an embankment or a ditch. The safety indicator used
is the presence of at least one casualty inside the vehicle running off the road. A Logistic
model is used to take into account all the different relevant cofactors.
Data - The data relates to five years of observation - 1996 to 2000. The network comprises
approximately 2,300 km of motorway located in plains. Three quarters of these roads have
two lanes in each direction and one quarter has three lanes. Average traffic is between 10,000
and 60,000 vehicles per day, 10 to 20% of which is trucks. A crash report form is completed
whenever a vehicle on or off the motorway roadway cannot resume its journey without being
towed away after a crash. All injury-crashes and damage-only crashes are recorded.
Information is particularly detailed on the highway infrastructure and its part in the frequency
and severity of accidents.
Results - The severity of run-off the road on hard shoulders is on average significantly higher
in the absence of a safety barrier. Higher values of severity are connected with run-off the road
in the presence of embankments or ditches (lower than 4 meters, as others have already
systematically been equipped). These results take into account the typology of the accident
(number of vehicles involved, different impacts, type of vehicle involved) and of highway
characteristics. Despite there being less and less non equipped hard shoulders, severity
differences are large enough to be significant, and confirm the results of previous research
carried out from 1985 to 1995 on a part of the same network.
Conclusion - Systematic equipment of highway hard shoulders appears to be beneficial as a
whole within the infrastructure and European traffic conditions, with a better control of runoff the road consequences. Moreover, the subsequent suppression of most of the ends of
guardrails should also increase safety.

* INRETS, 25 avenue François Mitterrand, 69675 Bron, France
email: jean-louis.martin@inrets.fr

Introduction
In France as in most Western European countries, motorways have 2 or 3 lanes, traffic
flows are usually between 20,000 and 60,000 vehicles/day and the proportion of trucks varies
between 10 and 20%. The width of the median strips is often only 3 to 5 meters. In these
conditions of narrow median strips, most central reservations are equipped with a safety
barrier in order to minimize the possible occurrence of crossover crashes (Martin & Quincy
2001). This means that the question is no longer whether it is relevant to equip them with a
safety barrier or not, but rather what kind of barrier is the most efficient (Martin et al. 1997b).
On the contrary, policies concerning the equipment of hard shoulders on motorways vary
widely between countries. In France, in accordance with national regulations, safety barriers
are systematically used when the roadside is more than 4 meters below or above the level of
the motorway roadway, or when a punctual obstacle, like a tree or a bridge pillar, is too close
to the roadway (less than 10 meters). Within the framework of French legislation it was still
possible to choose between different equipment policies; for our observed network, safety
barriers are present whenever there is a ditch of 2.5 meters or more, or an embankment.
The question which must now be asked is: in order to improve the safety user, is it relevant
to go further, i.e. to generalize this equipment policy to the whole hard shoulder, even if there
is no obstacle or if the roadside is nearly at the same level? Note that to ask this question
suppose going against the primary thinking which considers safety barriers as roadside
hazards instead safety features (Micchie & Bronstad 1994). If we put the cost problem aside,
we need to consider the different consequences of such an equipment policy, that is, on the
positive side - a possible reduction of severity in case of impact against safety barrier, and a
marked reduction of problems due to the ends of each barrier, and for the negative aspect a
possible increase of crashes because of encroachments on the hard shoulder inducing impacts
against barriers. These different issues will be examined in this study. Let us note that this
question has already been raised in a previous work (Martin et al. 1997a), and that the aim of
this present paper is to confirm or invalidate the previous results with more recent
observations which correspond to an extended motorway network.

Objective
On most French highways, hard shoulders are equipped with safety barriers to protect
vehicles running off the roadway either from punctual obstacles, or in the presence of
embankments or ditches for differences of level above 4 m. The research question is to
determine if there would be a safety gain to the motorway user in systematically equipping all
hard shoulders with safety barriers.

Material
The data relates to five years of observation - 1996 to 2000. The network comprises
approximately 2,300 km of motorways located in plains. Three quarters of these roads have
two lanes in each direction and one quarter has three lanes. Average traffic is between 5,000
and 31,000 vehicles per day, with a mean of 22,000 for the two lanes, and between 18,000 and
70,000, with a mean of 52,000 for the three lanes. The percentage of trucks varies between
10% and 20%. Compared to a previous study (Martin et al. 1997a), the range of observed
traffic flows has been increasing, as a majority of two lane motorways with low traffic has
been added to the observed network.
Figure 1: Observed motorways - 1996-2000

A crash report form is completed whenever a vehicle on or off the motorway roadway
cannot resume its journey without being towed away after a crash. All injury-crashes and
damage-only crashes are recorded. Information is particularly detailed on the highway
infrastructure and its part in the frequency and severity of accidents. The data recording
system, then the coding of information, allows the trajectory of the vehicles involved in a
crash to be analyzed in a succession of events, called impacts even when there is no real
impact with objects but only an encroachment outside the paved roadway on a central
reservation or a shoulder. A regularly updated database describes the setting up of different
barriers, which allows the verification of the coherence of information provided for each crash
with the knowledge we have of the road infrastructure.

Method
We can consider three types of crashes based on the location of first impact: the crashes
that occur when at least one vehicle involved suffers a first impact on the shoulder, the crashes
that occur when at least one vehicle involved sustains a first impact on the central reservation
and the crashes, where the first impacts of the vehicles involved occur on the roadway.
For the main part of this study, the statistical unit used is the vehicle instead of the accident
because it gives the opportunity to specifically address different factors associated with
severity such as the presence of a barrier on the hard shoulder, or in the opposite case, the
presence of an embankment or a ditch on the roadside.
More precisely, we distinguish shoulders with or without guardrails, and, for each type, we
subdivide into the following categories. Concerning the equipped hard shoulders, we
distinguish:
- the ends (or extremities) of the guardrails that we are concerned with, which are about
12 meters long,
- and the part of the guardrails disregarding the extremities, so-called length of need
(Ross et al. 1993), which is the part, which functions, in good conditions for being an
efficient shock absorber.
The distinction between the different types of safety barriers present on the hard shoulders
is not made in the analysis, the vast majority of them being simple metallic guard rails with a
level N2 average restraint capacity according to European standards (also called W-beam
guardrails).
Concerning the hard shoulders without any guardrail, it is quite important to distinguish
three cases according to the fact that the roadside can be on the same level as the roadway,
that is to say with a difference in level of less than half a meter, or can be below road level or
above road level. This does not concern roadsides with ditches higher than 4 meters, as they
are already equipped, as are roadsides with punctual obstacles.
First we compare the Incidence Ratios for all crashed vehicles IRT according to whether
hard shoulders are equipped with barriers or not. The numerator of these ratios is the number
of vehicles involved in all the accidents and the denominator is the number of vehicles
exposed (nve), estimated by:
nve = å daily mean traffic × number of observation days × observed length
sec tions

The summation is made on all homogeneous sections, i.e. continuously equipped with
barriers on hard shoulders or not, which are identified by means of a part of our database
describing all safety barriers put up along the roadway. Then we calculate the IRC for injury
crashes, with the number of vehicles in which there is at least one casualty inside these
vehicles. One phenomenon we can expect with the addition of safety barriers on hard
shoulders is that it might cause an increase in the number of vehicles returning to the traffic
lanes, and hence more secondary impacts with other vehicles. In order to take this possible
problem into account, the vehicle sustaining the first impact on the shoulder will be
considered as having suffered an injury crash if there is a casualty inside this vehicle, or inside
the vehicle hit after the first impact, if any.

The comparison between two Incidence Rates goes through the calculation of their ratio,
called CIF (Comparative Incidence Figure). The incidence rates are considered as significantly
different if their 95% confidence interval does not include 1. The confidence interval of the
CIF, or rather, for reasons of normality, that of its logarithm, is obtained by using the usual
formula Ln( CIF ) ± zα / 2 Var ( Ln( CIF )) , the estimation of the CIF variance logarithm being
m1 nve12 m2 nve22
+
, m1 and m2 being the number of events considered,
IR12
IR22
nve1 and nve2 being the numbers of vehicles exposed to the risk considered (Breslow & Day
1987).
Var ( Ln(CIF )) =

Then we use the ratio between the number of injury vehicles (as described above) and the
number of vehicles involved in all crashes. Note that this ratio is relevant to estimate the
severity if there is no difference between the two IRT according to the type of hard shoulder.
Finally we use a logistic regression model to take into account some potentially
confounding factors available at the site of each accident (such as weather conditions,
horizontal and longitudinal profiles, etc.). The factor to be explained is the severity, or more
precisely the probability of occurrence of at least one casualty in a damaged vehicle (or inside
another vehicle hit after the first impact). With k covariables, the logistic model takes the
following form:
K
K
Pr(at least one casualty in damaged vehicle) = exp( å β k xk ) æç1 + exp( å β k x k ) ö÷
k =0
k =0
è
ø
This is a multiplicative model, which takes the influence of k covariables xk into account.
Its parameters are classically calculated using maximum likelihood estimations. The
comparison of two models is done by testing the ratio of likelihood, provided that these
models are nested (McCullagh & Nelder 1989). The exponential of a βk is interpreted as the
Odds-Ratio (OR) associated with xk in comparison to the reference level. As this is an
exposed-unexposed study, β0 is interpreted as a function of the basic risk R0 and the relative
risk (RR) can be estimated from the OR by using the expression deduced directly from their
respective definitions: RR = OR (1 + R0 (OR − 1) ) , with a specific confidence interval
calculation (Martin et al. 1997a). Another factor, overturn, can be viewed as an intermediate
factor and is examined separately according to the type of vehicle.

Results
At least one vehicle runs off the roadway onto the hard shoulder for 32% of crashes on 2
lane motorways and 27% on 3 lane motorways. As shown in Figure 2, 93.2% of the 9,934
crashes where at least one vehicle runs off the roadway onto the right shoulder as a first event
are involved in a single vehicle crash. The choice to use the vehicle rather than the crash as a
statistical unit will therefore not lead to a noticeable difference in the result. On the whole,
10,164 vehicles run off the roadway onto the right shoulder, i.e. 18.8 % of the vehicles
involved in crashes.
Figure 2: Crash type and number of vehicles involved
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Table 1 shows the Incidence Rates of vehicles running off the roadway onto the hard
shoulder according to whether hard shoulder is equipped with barriers or not, as well as the IR
of "injury vehicles".
Table 1: Comparison of Incidence Rates according to
whether hard shoulders are equipped with barriers or not

IRT (total Incidence Rate)
IRC (Casualty Incidence Rate)
With

Equipment of hard shoulders
With barriers Without barriers
8.93
8.61
0.95
1.86

CIF
1.04
0.51

95% C.I.
(0.98-1.09)
(0.45-0.58)

IRT = (number of crashed vehicles / nve) × 108,
IRC = (number of crashed vehicles with at least one casualty /nve) × 108 and
nve = å (daily mean traffic × number of observation days × observed length)
sec tions

There is no significant difference between the IR concerning the total number of crashed
vehicles (addition of injury and property damage only vehicles). The presence of the barriers
does not seem to have an influence on the occurrence of accidents. On the other hand, the IR
for injury vehicles is significantly higher when there is no barriers on hard shoulders. The
results are the same if we separately calculate these IR according to the number of lanes of the
motorways (2x2 vs. 2x3 lanes).

Considering that, we can use the percentage of vehicles in which there is at least one
casualty to the total number of crashed vehicles as the severity criterion. Table 2 shows the
different values of this criterion according to the type of hard shoulder, as well as to other
types of accidents.
Table 2 - Severity in vehicles according to type of 1st impact
scene of first impact

% with
casualties

% with
fatalities

number of
vehicles

right shoulder
with barriers
length of need
ends
without barriers
right-side profile : flat
above road level
below road level
With & without
central reservation
roadway

10.4
17.8

0.6
2.2

7,792
135

22.3
23.4
19.3

2.7
1.9
1.5

408
1,169
616

13.1
10.8
10.6

0.9
0.7
0.9

10,164
11,246
32,637

The severity is higher (13.1%) when the first impact occurs on hard shoulder compared to
the central reservation or the roadway. But this global severity value includes very different
phenomena: When we consider impacts on right shoulders equipped with barriers, the severity
observed is very close to that of other scenes of first impact, except for the ends of barriers. It
is about twice as high when there is no barrier. This is also true when we consider the
percentage of first impacts with fatalities.
As described above, the majority (90%) of safety barriers are W-beam guardrails
(containment level N2 in European denomination), but about 8% are New Jersey profile
concrete barriers. The value of 10.4% of the severity on length of need barriers actually
includes two different values: 9.8% for the metal guardrails vs. 16.9% for the concrete
barriers. These estimations are coherent with a previous study focusing on this comparison for
run off the roadway onto the central reservation (Martin et al. 1997b).
Some factors are linked both to the severity and to the equipment of the hard shoulder,
hence constituting potential confounding factors such as the motorway profile (up slope or
down slope, curve radius of bends) and the number of lanes. All these factors, as well as the
number of vehicles involved in the same crash, and the type of vehicle (cars or trucks and
vans), are put into a logistic regression for fitting purpose. Table 3 shows Relative Risks
associated with the different factors. Figure 1 indicates the reference level for each one and
RR are significantly different from 1 when their confidence interval does not include the
value 1.

Table 3 - Severity in vehicles according to type of 1st impact fitted by logistic regression:
Parameter estimates, Relative Risks and 95% Confidence Intervals
Factor*
right shoulder
with barriers
without barriers
(right-side profile)
vertical grade

horizontal
curvature

Number of lanes
Vehicle type
number of vehicles
involved

β

RR

95% C.I.

length of need
ends

0.58

1
1.68

1.12-2.53

flat
above road level
below road level

1.01
1.07
0.76

2.41
2.53
1.96

1.96-2.98
2.21-2.89
1.62-2.37

flat
climb
downhill

-0.07
-0.06

1
0.93
0.94

0.82-1.06
0.82-1.09

R>5000m
2000<R<5000
1000<R<2000
R<1000m
2
3

-0.09

1
1.15
1.46
1.44
1
0.92

Cars
Trucks and vans

0.38

1
1.41

1.21-1.63

0.73
1.23
2.28

1
1.91
2.86
5.72

1.60-2.30
2.27-3.60
4.64-7.04

1
2
3
4 and more

0.15
0.42
0.40

1.01-1.31
1.23-1.72
1.20-1.72
0.82-1.03

First of all, the severity of impacts is twice as high or more when there is no guardrail,
compared to length of need guardrails. It is also more severe on ends of guardrails. These
results, expressed in Relative Risks adjusted on the other factors included in the regression,
confirm the rough results of Table 2. Among the potentially confounding factors, vertical
grade and number of lanes have no significant effect on severity. On the other hand, impacts
are more severe for bends (which corresponds to different crash configurations) and for trucks
and vans (regrouped because of close severity values). As expected, the severity increases
with the number of vehicles involved, but this fact is also taken into account by means of the
severity indicator chosen, as previously explained. We note that 4.4% of vehicles hitting a
guardrail cause or suffer a second impact with another vehicle, while this is extremely rare
when there is no barrier.
Another factor worth studying, as it is highly associated with the severity of crashes, is the
overturn. As it can be considered as an intermediate factor between the severity and the
presence or not of a barrier, it is better not to include it in the regression but to examine it
separately.

Table 4 - Overturns after 1st impact on right-side profile
scene of 1st impact
with guardrails
length of need
ends
without guardrails
right-side profile: flat
above road level
below road level
total

cars
%overturn
Number

trucks & vans
%overturn Number

5.7%
10.7%

6,844
112

22.9%
8.7%

846
23

16.8%
24.3%
18.6%
9.0%

333
1,002
516
8,807

20.3%
24.2%
26.3%
22.9%

69
165
95
1,198

Table 4 shows that the number of cars suffering an overturn is minimum for length of need
barriers, and much higher for hard shoulders without guardrails. This clear difference is not
true for trucks and for vans as well, with a mean proportion of nearly 23% of overturns.
Regarding motorcycles, a very low number of crashes involving two-wheel vehicles has been
recorded, i.e. 328 to be compared to nearly 54,000 four-wheel vehicles. Among them, only
5% (N=19) motorcycles ran off the roadway onto the hard shoulder (causing 14 casualties)
which is a much lower proportion than for the four-wheel vehicles (25%). This low number
does not allow any conclusion to be reached about the severity of motorcyclists involved in
crashes compared to the equipment of hard shoulders.

Discussion
Compared to our previous study concerning the years 1985 to 1995 (Martin et al. 1997a),
the rate of equipped hard shoulders has gone up from 55% on average to 78%. Nevertheless,
the number of run off the roadway onto hard shoulder without barriers is big enough to see a
significant difference of severity, compared to hard shoulders with barriers, with Relative
Risks of the same order. This is true whatever severity criterion is used (rough RR with
casualties or fatalities, adjusted RR or Incidence Rates). This result is strengthened by the fact
that installing guardrails along the edge of the road does not seem to affect the probability of
accident occurrence (nor accident recording), as shown in Table 1. Our estimations are in
accordance with the conclusions of Schoon (Schoon 1999) and with the meta-analysis carried
out by Elvik (Elvik 1995), as he found that guardrails reduce the chance of sustaining a
personal injury by about 50%.
Concerning the ends of the barriers, the risk of injury is significantly higher than for the
"normal" part of the barrier, as shown in our previous study. But it is slightly lower than
without barriers, while this was previously the contrary. One part of the explanation could be
that most dangerous barrier ends have been removed or modified, but our data lacks precision
to confirm this hypothesis. Anyway, more systematic equipment of hard shoulders will
automatically reduce the number of ends of barriers and hence improve safety (Cornell 1996),
(Hunter et al. 1993).
The possible increase of second impacts with other vehicles because of the presence of
barriers has been established, but concerns a rather low percentage of crashes. This is why,
even when we take this phenomenon into account, it does not significantly affect the
estimated severity.

If we consider the problem of the overturns as a whole, their number has been decreasing
compared to our previous observations, which could be attributed to some improvement in the
vehicles. Anyway, what makes the difference between the percentages of overturns whether
there is a guardrail or not is the behavior of cars rather than trucks and vans: only 5.7% of
overturns are observed, which carries more weight as it concerns about 68% of vehicles
involved in crashes. This confirms that guardrails usually set up along the roadside are quite
well optimized for French (and European) cars. However, the evolution of European cars,
notably the average weight increase, will result in an evolution of guardrails too in a near
future (with a higher containment level) while in the US, evolution of roadside features to
accommodate vans, pickup trucks and 4-wheel drive vehicles is a current issue (Bligh & Mak
1999).
In Ross (Ross 1995), a forgiving roadside is basically "one free of obstacles that could
cause serious injuries to occupants of an errant vehicle. To the extent possible, a relatively
flat, unobstructed roadside area is desirable, and when the conditions cannot be provided,
hazardous features in the recovery area should be made breakaway or shielded with an
appropriate barrier". This study shows that, even when the terrain is flat, i.e. with a slight
difference of level between the roadway and the roadside, the average severity of crashes is
higher when there is no barrier. This is due to a higher number of overturns, but not only as it
is still true when we remove overturn cases. To be really forgiving, roadsides should be very
well built in accordance with vehicle characteristics, with no culvert for the drainage system
and a specific surface aiming to smoothly slow down any errant vehicle. Furthermore, the
basic condition "free of obstacle" is very difficult to respect because roadways cannot be as
wide as desired due to costs and growing urbanizing.
On the other hand, safety barriers are in very good conditions to work correctly on
motorways, as impact angles are mostly low. This is probably why the results are so favorable,
and encourage us to advise systematic equipment of hard shoulders with safety barriers. This
advice supposes that the number of motorcyclists is low (as shown in our previous study), and
cannot be generalized without cautions for other types of roads where conditions of impact are
totally different. Starting from our estimations, motorway managers should be able to carry
out a cost-benefit analysis taking the motorway user safety into account, but also motorway
workers safety, maintenance and traffic considerations.

Conclusion
Systematic equipment of highway hard shoulders appears to be beneficial as a whole
within the infrastructure and European traffic conditions, with a better control of run-off the
road consequences. Moreover, the subsequent suppression of most of the ends of guardrails
should also increase safety.
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Introduction
The safe operation of tunnels requires a fast and reliable incident detection. Only precise
information about the place, type and extent of the incident allows for a selective launch of
measures, e.g. regulation of the ventilation system for smoke control in case of fire, or the
halting of traffic outside and inside the tunnel following an accident.
At present, different types of detectors are deployed in tunnels to monitor the traffic area. The
collection of traffic data is generally done through local measurement devices such as
induction loops or overhead infrared sensors. Fire incidents are detected through fire
detecting cables, fog sensors, or the removal of fire extinguishers from emergency stations.
When video equipment is installed, these detectors are linked with cameras, so that an image
from the incident spot is switched on in the permanently occupied control rooms.
However, the fire events over the past years have shown that, often, fires were only detected
by the optic sensors (fog sensors).
Using the appropriate evaluation logarithms, meanwhile available computing capacities allow
for an analysis of video data in real time and, at the same time, to automatically detect the
type and extent of the incidents as well as their spatial and temporal causes.
Apart from traffic data such as
-

traffic flow
traffic density
speed,

the following incidents can be detected automatically on the video image:
-

formation of fire and smoke
stopped vehicles
use of hard shoulders resp. emergency bays
ghost drivers
persons resp. objects on the road
changes in illumination.

The online analysis of the video data then makes the direct and selective control of operating
functions possible immediately following the incident occurrence. A further advantage of
digital video analysis lies in the storage of recorded data, which can serve in the subsequent
reconstruction of incidents.
In the chapter below, the basics, procedures and input potentials of digital video analysis are
listed.
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Basics of the Digital Video Analysis
Images must be available in digital form for further processing. For this, it is necessary that
image F can be described mathematically with an image function f(x,y). Since an image can
be seen as a continuous distribution of intensities, function f(x,y) describes the single
intensities of the pixels. In case of colour images, this intensity is divided into several colour
channels (multi-channel pictures). Generally, these are the colours red (R), green (G), and
blue (B), so that the function f(x,y) turns into a vector function as follows [Stöpp 1998]:
fR(x,y)
f(x,y) = fG(x,y)
fB(x,y)

→

The brightness proportion of the video signal is described as luminance. Out of the three
signals red, green and blue (RGB) of the camera, a weighted mean value is calculated, which
takes into consideration the properties of the human eye. Thus the colour green is weighted
with 59%, red with 30% and blue with 11%. The luminance corresponds to the grey value
f(x,y) in case of grey tone pictures.
In order to save expenses, the operations of digital image processing are predominantly
carried out on the basis of grey tone pictures. In this case, it is recommended to preselect a
single-channel grey tone picture as the image source.
In order for images to be changed and further processed on computers, the image functions
must be brought into a suitable computerized respectively numeric form. This process is
called digitalization. This includes “screening” and “quantization”. The resolution and the
number of quantization steps are a measure for the maximum image definition.
During the process of screening, the domain (x,y) is divided into m- resp. n-intervals (xj, yk)
for x and y direction respectively. The result is a mΑ
Α n-matrix of values f(xj, yk), of which
each represents a pixel (fig. 1). The range of values of the image coordinates then extends
from 0 to (m-1) in x-direction, respectively from 0 to (n-1) in y-direction.

x
0

1

0

f0,0

f1,0

1

f0,1

f1,1

2

j

m-1

2

y

fj-1,k-1 fj,k-1 fj+1,k-1

k

fj-1,k

fj,k

fj+1,k

fj-1,k+1 fj,k+1 fj+1,k+1

n-1
Fig.1: Screening (Brake 2001)

fm-1,n-1
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The assignment of grey values following the screening process is called “quantization”. For
technical reasons, it is sensible to select a two-to-the-power of “x” number. Generally, an
8-bit structure is used, so that 28 = 256 grey tones. These levels then range from 0 (= black)
to 255 (= white).
If, instead of a single image, a screen sequence is looked at, the domain of the image function
must be extended by the dimension of time (fig. 2). Thus an expression of form ft(x,y)
follows.
Screen sequences can be analyzed on the basis of grey zone changes with respect to
movement. Depending on which image these changes refer to, procedures are distinguished
by screen sequence and reference image.

ft0(x,y)
ft1(x,y)
ft2(x,y)
ft3(x,y)

Fig. 2: Screen Sequence (Brake 2001)

If two temporally successive single images are looked at, we are talking about an image
sequence procedure. The difference image function dF is:
d F (x, y) = ∗ f i - 1 (x, y) – f i ( x, y) ∗

The disadvantage of this procedure is that areas, which cover the object in the current and the
previous image, are identified as moved regions. As can be seen from fig. 3, this causes
double edges to appear, whose distance among themselves depends on the speed of the object.
A further disadvantage lies in the fact that vehicles at a standstill do not generate a difference
image. The advantage of this procedure is that gradual changes in the background image do
not have a negative effect on the identification of the object through the constant update of the
comparison image.

Accident detection through digital video analysis as an option to increase tunnel safety
by Dipl.-Ing. Georg Mayer, Institut für Straßenwesen (isac), RWTH Aachen

a) previous image

b) current image

4

c) difference image

Fig. 3: Image Sequence Procedure

The reference image procedure is the method, with which a predetermined background image
serves as comparison image. When using video techniques for traffic surveillance, the
reference image shows the empty road (fig. 4).

a) reference image

b) current image

c) difference image

Fig. 4: Reference Image Procedure

The difference image function dR(x,y) with fixed reference image is:
d R (x, y) = ∗ f 0 (x, y) – f i (x, y) ∗

The reference image must be updated constantly, so that an allowance can be made for slowly
occurring changes in the background. Mostly, a good adjustment can already be obtained by
merely updating single pixels within a particular interval. Only on completion of a certain
cycle, the entire background is updated. If the lighting conditions inside the tunnel are
constant, the reference image need not be adjusted.
The detection of moved areas can be made more difficult through signal noise. In order to
minimize wrong decisions, threshold values should be defined to ensure reliable detection. If
too low a threshold value is selected, the noise from the camera only could be interpreted as
movement. In contrast, when the threshold value is too high, actual movements may not be
recognized at all (fig. 5). One way of minimizing wrong decisions is by using a threshold
value that depends on the grey zone level of the area surrounding the pixel in question, which
is thus not a constant value for the entire image.
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Number of
wrong decisions

„false alarm“

‘Change not
recognized’

Optimum
threshold value

Threshold valueDS

Fig. 5: Selection of the Threshold Value (acc. To Topp 1993)

Procedures of the Digital Video Analysis
Tripwire Systems
Tripwire systems are based on virtual detectors with different properties, which can be placed
on the monitor arbitrarily. For this purpose, line, traverses and area detectors are used;
compared to a full-screen analysis, this method reduces the computing time considerably. As
the vehicle crosses the detector, changes in the grey zone are recorded within the respective
detection section. By specifying the threshold limit for the detection sensibility as well as for
the video signal noise, errors through shadow casting of neighbouring objects can be
eliminated. This is particularly important to avoid multiple detection when using several,
closely adjoining detectors. For this reason, the properties of each detector must be adjustable
separately. Classification of the vehicles is done according to vehicle height, width or length,
depending on the camera angle. The vehicle speeds, for example, can be determined by
combining two successively arranged detectors. Fig. 6 shows the technique for digital video
analysis (isac-DVA) developed by the Institute for Road Engineering Aachen, which is based
on a tripwire system.
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Fig. 6: Tripwire Detectors (isac-DVA 2.0)

Tracking Systems
Tracking systems are based on the process of tracking pixel changes between the sequential
frames of a video image. By combining pixel groups into objects – so-called “blobs”, which
are made up of encasing geometrical figures (generally rectangles) – vehicles can be detected.
A classification of the vehicles can, for example, be made through stipulation of the wing area
of the blobs or their edge lengths. In order to differentiate vehicles that are moving in a row
from the system, definitions of minimum or maximum vehicle lengths, or minimum distances
respectively time intervals between the vehicles, are sensible. The speed of the vehicles is
calculated from the displacement of the objects between the frames. By using a Kalman-filter,
the subsequent blobs can be inferred from the current blobs. Accordingly, when combining
with the Hough-transformation at interrupted lines, the progressive sequence of objects can be
deduced, even when they are partly covered (Jähne, 1997). The advantage of this method
consists in that as many as desired objects can be traced simultaneously, even when a certain
occlusion of single objects occurs.
The tracking system integrated in the isac-DVA 2.0 software developed by the Institute for
Road Engineering Aachen is shown in fig. 7. Vehicles at standstill are framed with orange
colour when detected, vehicles travelling in line of sight with green colour, and vehicles
driving in opposite direction in red. Persons on the roadway are marked in yellow.
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Fig. 7: Incident Detection with the Tracking System (isac-DVA 2.0)

Fire Detection
When vehicles catch fire, a plume develops first, in which the hot gases mount towards the
tunnel ceiling. Depending on the type of fire, the smoke could be black or white.
Subsequently, the smoke spreads along the tunnel ceiling and cooling processes take place,
which can lead to an instant descending of the smoke to the ground.
The automatic smoke detection is based on a continuous examination of the image for
especially light or dark interrelated image zones. For this purpose, the area to be examined is
first divided into square regions by a raster (fig. 8). In each raster element, a representative
pixel is cyclically – e.g. each second – examined for white and black smoke. Contrary to the
movement analysis procedure, not the grey value differences, but the absolute grey values
(luminance) count here.
From experience, within a grey value range of 0 to 255, the threshold for white smoke lies
close to the upper border of the grey tone spectrum. In case of black smoke, detection is made
at a low grey value, depending on the lighting situation in the tunnel. Since the image of an
incident-free tunnel – e.g. in areas in which there are lamps – already possesses very bright
zones, these areas must be excepted for the detection of white smoke.
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The alarm is set off by the following factors
•
•

the number of detected pixels
the number of interrelated detected pixels

Fig. 8: Especially light (orange) and dark (red) areas (isac-DVA 2.0)

Identification of Dangerous Goods Transport
If, in case of fire, transporters with dangerous goods are involved, it is most important for the
task force to have information about these goods, so that the fire can be fought effectively.
This requires a – if possible, automatic – logging of such transport. Dangerous goods
transports by road are marked with an orange-coloured, 40x30 cm sized sign giving the
dangerous goods number as well as the material number (UN-number). If a vehicle contains
several different dangerous goods, for example in several tanks or in the form of bulk, the
warning signs in front and at the back are blank; the dangerous goods are then marked on the
side of the tanks or on the bulk itself with the respective identification numbers.
Owing to the usual frame frequencies (frames per second) and resolutions (in PAL-standard),
an automatic identification of the danger and material identification numbers is practically
impossible from the way the cameras are being positioned to monitor the traffic (see fig. 9).
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Fig. 9: Unrecognizable warning signs under normal conditions

In order to make identification of the signs possible, the camera angle must be selected such
that the expected position of the signs is zoomed in. With a digital colour filter, the single
images are checked for areas with an orange colour. The regions thus found are subsequently
examined for existing lettering with the text recognition function. Fig. 10 shows the different
situation of moving warning signs before and after the orange filtering process. The effect of
the digital colour filter and the readability of the lettering, which is necessary for an automatic
text recognition, can be clearly seen.

Fig. 10: Warning sign before and after the orange filtering process (isac-DVA 2.0)

In order to record dangerous goods transports, the identification of warning signs at the
beginning and at the end of a tunnel is sufficient. The exact positioning in the tunnel can then
be done through usual tracking procedures.

The Video System Setup for Tunnels
Requirements for the Installation and Alignment of a Video Camera
In order to ensure positive detection, it is important that no vibrations or commotions caused
by wind forces occur during the installation of the video camera. Furthermore, the camera
should be positioned as high as possible above the lane, in order to avoid or to minimize as
much as possible interactive occlusion of vehicles and perspective distortion. Basically, the
following rule applies: the higher the tilt angle of the camera selected, the more reliable the
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detection of single vehicles. In contrast, small tilt angles render the differentiation between
single vehicles more difficult; on the other hand, they display a larger detection area. As a
rule, mounting the camera in tunnels in the crown above the middle of the lane, is the best
solution (INTEC, 1999). Suggestions for the installation of video cameras are given in table 1.

Number of Lanes

Position of the Video Camera above the Lane
Centre of Lane

left outside

right outside

1

7m

8m

10

2

7m

10 m

12

3

8m

18 m

18

4

12 m

Tab. 1: Suggestions for the installation of video cameras (INTEC, 1999)

Image Processing Systems
In video technology, two basic techniques of image processing must be differentiated:
•
•

Analysis of image in the camera (pre-analysis)
Image analysis of the video signal (post-analysis)

The principle of preliminary image processing is shown in fig. 11. Apart from the image
recording, the image analysis takes place in the camera with the aid of appropriate hardware.
The positioning and the properties of the detectors can be entered via an operating computer.
This computer receives and also processes the traffic data generated by the camera unit.

Image processing

Analysis

Image recording

Control
Traffic data

Fig. 11: Principle of the preliminary image analysis (Brake 2001)
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In contrast, for the post-analysis of images (fig. 12), the entire video signal is first transferred
to the computer, either through a storage medium, or directly. The analysis of image data is
then done through computer software.

Image recording

Video signal
Storage medium
e.g. Video recorder)
Image processing

Fig. 12: Principle of the image post-analysis

Video Analysis System
Suggestions for the setup of a video analysis system for the entry of traffic data and automatic
incident detection in tunnels are shown in fig. 13.

Recognition of
danger ous goods

Hub

Hub

Hub

Incident detection
Collection of traffic dat a
Control

Central computer

Data

input- / output device

Fig. 13: Components and setup of a video monitoring system for tunnels (Brake 2001)

With the aid of cameras at the tunnel portals, the entries and exits of dangerous goods
transports are registered. As opposed to those cameras inside the tunnel, they are directed
towards the expected position of the warning signs and, for this reason, cannot register any
other traffic data.
All cameras mounted in tunnels serve to record traffic data and to detect incidents. If a
classification of vehicles is to take place, this is done once only at the first camera location (at
the entrance of the tunnel). In a preliminary stage, processing of image data is done in the
cameras. Data transmission is then done via hubs, through which the central computer
receives already analysed traffic data respectively incident notifications.
The number of cameras that can be connected to one hub depends on its computing capacities.
Since the amount of data sent by the hubs is relatively small compared to the total of recorded
image data, any amount of users can be connected to the central computer. This system setup
allows for the input of one and the same system for tunnels of different lengths.
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The central computer records the supplied data, analyses them online and decides
automatically, which measures should be taken. If, for example, one camera has recognized
the occupancy of the marginal strip respectively a breakdown bay, it supplies data with
respect to the type and place of the incident to the central computer. The central computer can
then initiate directly further suitable measures, as well as transmit visual information about
the incident situation to a permanently occupied control room.

Conclusion
Digital video analysis allows for the integration of several types of detection within one
system and can therefore be applied flexibly and universally. Consequently, apart from the
pure collection of data, the entry of dangerous goods transports well as fires can be detected.
Given a pertinent configuration of the cameras, a complete observation of the traffic area is
possible. Since the analysis of data is done in real time, measures can be initiated
immediately following the occurrence of an incident. Additionally, an on-the-spot video
image is available at all times. Furthermore, owing to the camera arrangement in the ceiling
area, no drawn-out interventions are necessary in case of maintenance or repair jobs to the
road surface.
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Introduction

Motorway lane and network control systems are modern tools of an efficient traffic management. Especially the motorway network in metropolitan Hamburg is heavily stretched with an
Average Daily Traffic (ADT) of 23,000 vehicles per lane and a high percentage of heavy vehicles. The forecasts expect an increase of the ADT of about 20 % till the year 2020. Traffic
management tools may help as an appropriate measure to get better overall traffic safety
and flow conditions on the motorways.
The basic structure of the Hamburg motorway network is the motorway A1 and A7. The two
motorways belong to the most important ones in Germany. The A1 connects the south-west
of Germany via Cologne to the north, and the A7 represents the connection between the
south of Germany via Hanover. Further motorways – A23, A24 and A25 - open the region
round the Hamburg area (Figure 1). As the motorway A24 connects the Berlin area with
Hamburg it owns a higher importance than the others. Moreover the Hamburg motorway
network is completed by four short motorway sections. One of the very well-know sections of
the motorway A7 is the Elbe tunnel. The surrounding federal states (the so-called Länder)
are Lower-Saxony in the south and the west and Schleswig-Holstein in the north of Hamburg
metropolitan area. The planning of a motorway control system is independent of the border
of the Länder. The traffic problems are overlapping therefore it was obvious that the planning
of a motorway control system is only possible and workable by a co-operation of the three
Länder: Hamburg, Lower-Saxony and Schleswig-Holstein. The participating Länder have
charged a consultant with the preparation of traffic and accident data, the analysis of the
situation and the development of ITS proposals [S.S.P., 2000].
The planning and decision making procedure has to be clear and comprehensible to be supported by the political decision-makers and financially by the German Ministry of Transport.
In Germany the Länder are responsible for the motorways under the supervision of the Federal Ministry of Transport. The method of the planning procedure is divided into four main
steps. In the first step critical sections were defined by taking into account the situation of
traffic, accidents and incidents and the geometry of the cross-section. This analysis represents the basis for finding critical sections which are promising for additional traffic engiPage 1 of 7

neered measures. The sample was conducted by the view of the fact that other motorway
control system are planned or are under construction, by the view of the operation frequency
and the instability of the traffic flow. In the following step the measures were ordered temporarily by the urgency and an analysis of the benefit-cost. In the last step the sharing out of
investment cost between the participating German federal states were carried out.

Figure 1: Hamburg Motorway Network [according: BMV, 1996]
The accident situation of all Hamburg motorways were analysed by the accident rate accident density to get an idea where it will be useful to concentrate the analysis of the accident
situation and to implement traffic engineering measures. The accident rate and density was
evaluated for accidents with fatalities and casualties in 1999. The motorways were graded by
the value of the rate or density. Both criteria have pointed to the most critical motorways of
the network. It was foreseeable that the efforts would concentrate on the A255, the A1 and
the A7. The total number of accidents of the A1 and A7 is much higher than on the others
with a clear improvement potential existing there [FHH, 2000]. In the following the report focuses and concentrates on the motorway A1. The situation and analysis of the motorway A7
is nearly the same.
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Traffic Flow

Aim of a motorway control system is on one side the improvement of the accident situation
but on the other the improvement of the traffic situation and conditions. The traffic situation
was described by the traffic flow. The traffic flow was evaluated by the average daily traffic
(ADT) not only in 1999 but also in 2010 (Figure 2). The forecast is necessary to optimise the
implementation with regard to optimal benefit. The ADT will increase regularly by 15% to 20
%. An ADT per lane of 20,000 is a critical value and corresponds on German motorways an
insufficient D-level of service. The evaluated ADT represents a value of all days per year so
e.g. an ADT of Fridays is distinctly higher. Two sections with an ADT in a high range are
conspicuous: most of the Hamburg area and the south of it.
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Figure 2: ADT in 1999 and 2000 of Motorway A1

3 Traffic Safety
The accident situation was analysed more detailed in two steps. In the first step the accident
rate for fatalities and casualties (AFC) separated into sections and differentiated between the
driving directions northbound and southbound was analysed (Figure 3). A rate of 0.13
AFC per 10E6 veh-km is in accordance with the German average. In the southbound the
sections in the vicinity of the interchanges 31 and 35 [BMV, 2001] are striking in the Hamburg area and out of the Hamburg area the access point 27 seems to be accident-prone. In
the counter-direction the same interchange 35 is over the average and in the running to the
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Hamburg area the interchange 43 is conspicuous. In general the sections out of the Hamburg area are not noticeable.
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Figure 3: Accident Rate in 1999 of Motorway A1
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Figure 4: Number of Causes of Accidents in 1999 of Motorway A1
In the second step the accident analysis was focused only on the Hamburg area to get detailed information for every locality. The accident evaluation presents on one side the total
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number of accident in each short motorway sections on the other side it gives an information
of the main accident causes speeding, distance keeping, overtaking, other driving mistakes
and other causes (Figure 4). It is very striking that in direct area of an interchange or access
point the number of accidents is much higher than on free sections. Besides insufficient distance or mistakes by overtaking cause the most accidents. This situation is as well in the
northbound as in the southbound.

4 Critical Sections
On the basis of the carried out investigations critical sections were localised (Figure 5). The
critical sections were differed by the extent of dislocation. For the optimisation of the implementation it is necessary to take into account the temporary development of the critical sections. The situation is described by the alteration for the year 2005 and 2010. Two main critical sections in the north-west and in the east of Hamburg can be detected in 2005. In the
following five years the range of the critical sections increases distinctly at the critical interchanges and sections. The critical section round the Elbe tunnel will disappear by opening
the 4th tunnel tube.

Figure 5: Critical Sections in 2005 and 2010
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5 Implementation of ITS
On the basis of the carried out analysis the implementation of new ITS was deducted (Figure
6). In January of 2001 the motorway control system in the running of the A7 was taken in
operation. The essential new ITS measures are an motorway control system for the motorways A1 and A24. The implementation will be carried out in two steps. In addition a controlling of the interchanges will be implemented. The implementation of ramp metering is under
increasing discussion so appropriate access points for the implementation of ramp metering
were proposed. A further ITS measure will be implemented by a network control to have alternative routes in the northern part of Germany. The metropolitan area of Hamburg will mark
the southern part of a network loop.

Figure 6: Existing and future ITS Projects of the Hamburg area
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Benefit-Cost-Ratio

The measures were verified by the benefit and cost. The benefit was defined by the alteration of the accident costs and the alteration of time costs. The cost rates were assumed on
the basis of a German guideline. But it is difficult to make appropriate assumptions of the
alteration of accidents and incidents. The alteration of accidents bases on a research project
initiated by the Federal Ministry of Transport in a range of – 20% to – 30% [BMV, 2000]. In
contrary the alteration of incidents were assumed by having made experiences of the
charged consultants. The benefit-cost-ratio is a range between 1 to 3.0 to 3.9 for each ITSmeasure.

7 Outlook
Most of the ITS-projects were become part of the announcement for Federal Telematic Program. This project is embedded in the VIKING- program of the European community. VIKING
is a co-operation between the states of the northern part of Europe. The implementation will
be supported by VIKING, too.
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Abstract
About ten years after the "new wave" of roundabouts has flooded Slovenia, at the moment,
when there are twenty-seven roundabouts installed all over the country, when further increase
of their number is foreseen and when the proposal of Slovenian regulation for designing of
roundabouts is in its stage of ratification, there is an opportunity for a general review of
process concerning roundabouts in the Republic of Slovenia.
In the paper the Slovenian experiences about roundabouts in build up areas are presented.

Introduction
During past almost ten years in the Republic of Slovenia the roundabouts have become more
and more interesting for both designers and investors.
Our deeper interest for roundabouts started in last decade and until that time, in Slovenia we
practically had no significant experiences with roundabouts and their advantages in road
traffic.
When Slovenia became an independent country in the beginning of 90s, the need for
establishing new legislation for the field of road construction and road traffic appeared.
Among many other measures, the Slovenian Traffic Ministry founded the Group for
Roundabouts, and its main task was preparation of guidelines for planning and constructing of
roundabouts. The Group has finished its work in May 1999 and the final version of guidelines
[1] is in the legal procedure right now. Today we have 27 roundabouts and some more under
construction.
The history
Considering the chronic lack of professional literature on roundabouts in the first stage, the
excess of professional literature, manuals and guidelines of other countries in the second
stage, the lack of our own guidelines for roundabouts in the third stage and the number as well
as the consequences of traffic accidents, we can affirm with complete responsibility that both,
the designers and the contractors, did their work professionally, with a high measure of
quality.
The process of introducing roundabouts into the Republic of Slovenia had a number of
participants, who, although a little later, also joined in. Without their co-operation, the process
would be much less successful. These are the road-police, media, driving schools, etc.
Especially media, unlike driving schools, are the major means of providing information to the
largest number of users - to PCU drivers, pedestrians, as well as cyclists.
After initial enthusiasm at introducing the first roundabouts into Slovenia; in cities Ljubljana
(Picture 1), Maribor, Koper, Velenje (Picture 2), Gorica …, first questions concerning the
justification of their installation and actual traffic safety, which they provide, appeared.
Considering that roundabouts in Slovenia where at the time a novelty (with exception of some
rare earlier examples), such caution is completely understandable.

Picture 1. Three-lane circulatory flow roundabout, Žale, Ljubljana
There was namely no assurance that roundabouts in Slovenia would prove themselves
appropriate, like they did abroad. With regard to the fact that ten years ago roundabouts were
practically an innovation, there were some hindrances and expectations of effects, opposite to
those, which roundabouts were actually designed for: The lack of our own guidelines forced
the designers to choose among foreign guidelines. Thus, the choice of a certain guideline
depended on designer`s subjective estimation and on literature, which was attainable at that
time. This caused a partial disunity at designing the first few roundabouts in Slovenia. In
other words, every roundabout was designed according to different guidelines. This is
objectively understandable; as, until recently, there was no official or individual person, who
would with his experience and theoretical knowledge of roundabouts be able to decide with
certainty, which of the foreign guidelines should be taken as standard in Slovenia.

Picture 2. Roundabout in Velenje

However, the literal and direct application of foreign guidelines in Slovenia would be
unacceptable and nonsensical, it would namely not be a result of actual traffic circumstances,
and would at most cause unsuitable (if not negative) effects. In spite of the facts, which have
already been mentioned in the text above, roundabouts turned out well, even right after
introducing them into Slovenia. Significant at that point were the designers and other
institutions (specially both universities), which took part at working out estimations about the
suitability of the realizations and of the projects in general.
Usage area
General experience with roundabouts in Slovenia do not differ from those in other countries,
which have been constructing them for decades. The installation of roundabouts in Slovenia is
suitable and recommended mainly at intersections:
−
−
−
−
−
−

of X, Y and K types (sharp intersection angle);
of H types (two three-arm junctions close by);
of larger number of arms (five or more);
which are especially exposed to arising of traffic accidents with heavy consequences;
with excessive traffic speeds on approaches;
on areas, where driving conditions change instantly (i.e. at the ends of high-speed road
sections (motorways), at the entries into urban areas, on motorway exits,…) (Picture 3);
− in the case of excessive traffic speeds on major road;
− where posting of traffic lights is, from any reason, not justifiable;
− as a measure of traffic calming.
Thus, in some cases in Slovenia, the installation of a roundabout is the only acceptable
solution (for instance intersection of a larger number of arms - five or more). In other cases
(in junctions with excessive speeds of entering traffic, in case of sharp intersection angle,
measure of traffic calming …), it appears only as one among the number of possibilities.
Therefore, there is no universal "prescription", which would determine the usage of
roundabouts in Slovenia. Each case is treated separately, according to its own features and
circumstances.

Picture 3. Roundabout in Maribor, in front of Štuk

Measures of assuring a traffic-safe roundabout in slovenia
After examining the suitability of the location and of the position in the global road network,
it is necessary in Slovenia, at the modeling of a roundabout, to follow certain instructions
(directions), which have a direct influence on the level of traffic safety of all traffic
participant. The instructions concern geometrical modeling, which provides transparency,
visibility and comprehensibility:
Arms of a roundabout should enter the roundabout as right angled as possible (Picture 4).
Tangential alignment of an approach into the roundabout causes incomprehensibility of the
give-way principle, high approaching speeds of vehicles, obscured visibility at entering the
roundabout and collisions of vehicles at entries,

Picture 4. Arm alignment in the roundabout in Velenje
Size of the approach curve; the speed of an approach depends directly on the approach
radius: an excessive radius causes excessive approach speeds, while insufficient radius may
cause impacts into the central island or undesirable passages onto the inner lane of the
circulatory flow,
Curvature of the driving curve (deflection) through the roundabout is of most significant
importance for traffic safety at driving through the roundabout. The curve has to have the
shape of a double S-curve, which is formed by three radii of adjusted size. Stronger curvature
of the curve causes lower driving speed (Picture 5) on approaches and departures and by that
greater traffic safety in the roundabout. Deflection can be influenced in two ways: by
changing the size of the central island (a better way of changing deflection, but often not
feasible) or by changing the shape of pedestrian island (a less effective way, but often
feasible)
Bicyclists; bicyclists` safety in roundabouts depends mainly on the method of managing
bicyclists` traffic in the roundabout area, on the method of siting pedestrian islands and on
appropriate installation of vertical and horizontal road signs. Separative - independent
managing of bicyclists` traffic in the roundabout area is the safest technique of directing
bicyclists. All intersections of motor vehicles with bicyclists (and pedestrians) are performed
right angled. Thus the correct form of sight distance is achieved. The only conflict points,

which still remain present, are the crosswalks across the arms of the roundabout, where
bicyclists (and pedestrians) are (at least partially) secured by pedestrian islands.

Picture 5. Stronger curvature - lower driving speed
Pedestrians; Pedestrian safety depends mainly on pedestrian crossings and transparency, a
little less on the method of installation of pedestrian islands and traffic signs.
Position of pedestrian crossing and cyclists way crossings; a distance of one to two
passenger car lengths between the outer edge (exit) of the roundabout and the pedestrian
crossing is recommended. In this way pedestrians and bicyclists do not strongly obstruct the
motor traffic, which enters the circulatory flow and by that, the permeability of the
roundabout is higher,
Pedestrian islands (splitter) should be adapted to the size of the roundabout and to the
expected traffic speed in the roundabout. In great roundabouts, the use of funnel-shaped
pedestrian islands is recommended (Picture 6), while in small roundabouts the use coneshaped islands is the most appropriate,

Picture 6. Funnel-shaped island in Slovenia`s biggest roundabout, Tomačevo

Pedestrian under- and over-crossings; in roundabouts with two or more circulatory flowtraffic lanes (high capacity - great roundabout - high speed limits - worse traffic safety) siting
of at-grade pedestrian crossings and cyclists way crossings is not recommendable. In such
cases, it is necessary to examine and find an appropriate reason for installing an undercrossing
or (more seldom) an overcrossing, which depends on the number and the age group
(structure) of pedestrians and on the position of a roundabout in the global road network of
the settlement, in which the roundabout is about to be installed.
Lighting of roundabouts determines the level of traffic safety at night. The lighting of all
arms of the roundabout and of the central island is strongly desired. In large roundabouts
lighting columns should be placed at the edge of the central island, while in small
roundabouts the lighting in the center of the central island is sufficient (Picture 7);

Picture 7. The lighting in small roundabout, Celje
Arrangement of the central island (horticultural arrangement, fountains, monuments and
other objects in the central island) is of considerable importance for insuring traffic safety in
the roundabout.
Regardless of the esthetic values, the arrangement of the central island has, from traffic safety
point of view, also some practical values:
With appropriate shaping of the land inside the central island (or with fountains, monuments,
sculptures and other objects) it is possible to clearly warn the drivers, that they are
approaching the roundabout,
With partial covering up (hiding) the vehicles on the opposite side of the roundabout, it is
possible, without obscuring the necessary visibility, to eliminate the negative effect on the
driver, which can be caused by the look on the traffic movement of the entire roundabout.
Plantations in the central island are a good background for traffic signs and direction boards,
which are placed on the central island.

Traffic safety in Slovenian roundabouts
The first results of the Slovenian roundabouts` traffic safety analysis were introduced in 1997,
with a precise information on the number and the consequences of traffic accidents, given by
the Sector for road traffic of the Ministry of the Internal Affairs.
The purpose of the Slovenian roundabouts` traffic safety analysis was not searching for faults,
which might be made by designers. The goal of the analysis was to ascertain the sorts and
features of traffic safety phenomena in Slovenian roundabouts and to determine their common
negative features. For more concrete evaluation of roundabouts` traffic safety, one has to be
conscious not only of the analysis data, but also of two other circumstances. The first one is
the "gray field" - a certain number of traffic accidents, which have not been reported to the
police. The second one is that the existing method of collecting and processing the topical
traffic safety data (which are being managed electronically by the department of the Ministry
of Internal Affairs), has to be accommodated to roundabouts. Because of yet incomplete
adjustment of computer data-management it is harder to obtain completely relevant data for
particular roundabouts.
From the number of the traffic accident causes on Slovenian roundabouts, traffic speed was
the most frequent one (63% of all traffic accidents). The second one was incorrect movements
of vehicles, in which the drivers, when changing the traffic lane, did not take necessary
measures to assure safe realization of their traffic maneuver (10,1%). The third place goes to
the inappropriate safety distance (7,9%) while the fourth belongs to violating the give-way
regulation (6,1%). What follows is: incorrect position of the vehicle (4%), incorrect driving
direction (1,8%) and finally, vehicles carrying inappropriately loaded freight (0.7%).
The aim of the last part of the article is to present the general level of traffic safety at
roundabouts in Slovenia and some of the forms and characteristics of traffic safety incidents
at roundabouts in Slovenia today. For this purpose, data has been gathered on the traffic
accidents that occurred at the roundabouts that were covered by the analysis of traffic safety
that was conducted in 1997.
From the viewpoint of the causes of traffic accidents at roundabouts in Slovenia (since their
construction till now) it may be established that most of the traffic accidents (50%) occurred
due to excessive speeding. Shifting between lanes represents the second biggest cause (18%)
whereby drivers failed to guarantee the safety of their actions while changing lanes.
Inadequate safety distance takes the third place (18%) due to which cars collide upon driving
on to the roundabout (Picture 8 and 9).
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Picture 8. The causes of traffic accidents at roundabouts in Slovenia since their
construction till now
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Picture 9. Percentage of the causes of traffic accidents during the first (shown in the
inner circle) and second periods of analysis
The comparison of both analyses shows that the percentage of cases of excessive speeding
significantly decreased. This indicates that the participants in traffic have got the message and
have mastered the rules of driving through roundabouts which, with their appropriately built
joining roads, do not allow for high speeding. They, in this way protect the rest of the
participants in traffic while at the same time allowing a swift flow of traffic. It may still be
observed that drivers pay insufficient attention to driving in the right lane (changing lanes on
the roundabout) as the percentage of this cause of accidents has increased (21%).
A review of the results of the analyses shows that traffic safety significantly improved after
the introduction of roundabouts and that the roundabouts in Slovenia have, at the beginning of
their operation, fulfilled their purpose and have, therefore, justified the expectations.
The time period of three years also indicates that the participants in traffic have much better
knowledge of the rules of driving through roundabouts.
Conclusion
The article is a short summary of the 10-years process of introducing roundabouts into R of
Slovenia, which was performed intensively in the last five years. This is a result of several
years-studying of foreign regulations, of analyzing their use in R of Slovenia, of working out
our own regulations for traffic-technical designing of roundabouts and of monitoring and
estimating their suitability on a high number of roundabouts in R of Slovenia.
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ABSTRACT
The objectives of this paper is to present the SNRA development program to upgrade traffic
safety on existing 13 m using low cost measures and also to summarize all important results
and findings until April 2001 from opened projects as yet, totally some 200 km.
There is a significant gap in traffic performance, safety, investment and maintenance costs,
land requirement and intrusion between normal two-lane and four-lane cross-sections. In
Sweden, this gap so far has been filled with a 13 m road with 3.75 m traffic lanes and 2.75 m
hard shoulders. The traffic performance of these roads is quite satisfactory but there are safety
problems with fatal accidents.
Almost 100 people are killed and about 400 people are severely injured every year on 13 m
roads due to the huge traffic load, still being the safest two-lane road. The main problem on
all two-lane roads is run-off and meeting accidents causing more than 50 % of all fatalities.
The event process tends to be the same. The driver looses control for some reason and crashes
against some obstacle in the roadside area or in the shape of an opposing unlucky driver.
In 1998, the director general of SNRA decided on a full-scale programme to improve traffic
safety on six existing 13 m roads using low-cost measures preferably within existing right-ofway. The main alternative is the 2+1-solution with a separating cable barrier preferably within
the existing width 13 m. This solution was estimated to have a potential to prevent some 50 %
of all severe link accidents. Findings so far have been judged so successful that SNRA has
decided to replace the old 13 m road with the 2+1-solution on a general basis.
The main results and findings up to May 2001 are as follows:
•

•
•
•

•

•
•

Level-of-service for normal traffic is better than expected. Speed performance on 2+1roads with cable barrier is the same or even better compared with an ordinary semimotorway at one directional flows up to 1 400 v/h. The capacity is estimated to be about 1
650 v/h in one direction, some 300 v/h less than for an ordinary 13 m road.
Emergency and tow agencies are complaining as their working conditions and service at
emergencies have deteriorated.
The transitions zones from 2 to 1 lane have performed well. The proportion of vehicles in
the beginning of the zone is small. Drivers tend handle the design of the transition zones
in a cautious and responsible manner.
The traffic safety effect on severe accidents was expected to be high on 2+1 road with
cable barrier. So far in eight objects there has not been any fatal accident but totally 6 persons with severe injuries. This is about 60 % less than on ordinary semi-motorways and
supports the prediction that fatal and severe injuries can be reduced with up to 50%.
Median cable barrier crashes are very frequent but normally without person injuries. They
are often caused by skidding, flat tyre or lost control of the vehicle. A number of accidents
have been prevented by means of the median cable barrier but instead turned out to be
crashes against the cable with more slight injuries.
Driver attitude surveys show that drivers attitude to roads with cable barrier have been
changed into a positive direction. About 40 % of the drivers say it is the best design.
The maintenance costs are increased with about 120 Thousand SEK per km and year. The
main costs are cable repairs with 80 Thousand SEK per km and year. Work zone safety at
cable barrier repairs is a major concern.

1. OBJECTIVES
The objectives of this paper are to
• describe the present 13 m road network in Sweden
• give an overview of the SNRA development program to upgrade traffic safety on existing
13 m two lane roads with 2+1-conversion with median cable barrier as the main tool
• present an overview of all important results and empirical findings until April 2001 from
opened projects as yet, totally some 200 km.

2. EXISTING 13 M TWO LANE ROADS IN SWEDEN
There is a significant gap in traffic performance, safety, investment and maintenance costs,
land requirement and intrusion between two-lane and four-lane cross-sections. In Sweden, this
gap has so far been filled with a 13 m cross-section with two traffic lanes, 3.75 m each, and
two hard shoulders, 2.75 m each, with dotted road markings.
Alternative 13 m cross-sections were introduced in the 90’s with the objective to improve
safety; partly with 5.5 m lanes and 1.0 m hard shoulders separated with embossed edge
markings and partly with road marking based 2+1:designs, i.e. with a middle lane changing
direction every 1-2.5 km, see Figure 1.

wide shoulders

wide lanes

2+1 design road marking

Fig. 1- Swedish intermediate cross-sections
The national road network, approximately 10 000 km, include some 3 600 km 13 m roads
with AADTs varying from 4000 to 20 000 veh/d. Speed limits are mostly 90 or 110 km/h.
Only some 300 km are semi-motorways, i.e. grade separated with full access control, no pedestrians, bikers and slow-mowing traffic. The present guidelines give 13 m roads as an opportunity in the traffic interval AADT opening year from 2000 to 12000 veh/d.
2.1 Safety experiences
13 m roads have been found to have some 10 % better safety performance than normal two
lane 9 m roads. Wide lanes have turned out not to be a traffic safety success so far (Brüde et al
1996). The very limited Swedish experiences of 2+1-designs with road markings (Brüde et al
1997) have not been by far as promising as the German findings (Brannolte 1993).
Almost 100 people are killed and about 400 people are severely injured every year on 13 m
roads due to the huge traffic load. This comprises 25 % of all fatalities and 20 % of all severely injured on national roads (Bergh 1999a). The main problems, more than 50 % of all
casualties, on all two-lane roads including 13 m roads are run-off and head-on or meeting
accidents. The event process tends to be the same. The driver looses control of his vehicle due
to some reason and crashes against some obstacle in the roadside area or in the shape of an
opposing unlucky driver. Safety problems seem to be related to lack of concentration, fatigue
and monotonous driver perceptions on roads with high standard and low event frequencies.

3. DEVELOPMENT PROGRAM FOR EXISTING 13 M ROADS
In 1998, the director general of SNRA decided on a full-scale program to improve traffic
safety on existing 13 m roads using low-cost measures preferably within existing right-ofway, see Figure 2.
The main alternative is the 2+1-solution with a separating cable barrier preferably within the
existing width 13 m denoted 13: 2+1cb. A second more costly alternative is to widen up to a
narrow 4-lane road; 15.75:2+2cb, primarily in order to improve speed performance and decrease safety risks at vehicle breakdowns and to ease maintenance tasks.
The objectives are to find suitable design procedures, detailed designs and maintenance specifications for these measures and also to validate the positive safety effect estimates, expected
to be in the range from 20 to 50 % reduction of severe accidents for 2+1. The program includes intensive follow-up studies of traffic safety, behaviour and attitudes as well as construction and maintenance costs and problems.
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Fig. 2- Alternative 13 m development projects

4. PRESENT SNRA POLICY
The experiences of the first opened object, E4 Gävle-Axmartavlan, was politically already
after 1.5 year judged to be so promising that the director general of SNRA in spring 2000 decided to carry out the 13:2+1cb solution on further about 15 objects. All of these are semimotorways and located all over the country. Furthermore there have been a few objects on
ordinary 13 m road carried out as a 2+1 cb-road. Totally up to the 1 of January 2001 there are
more than 200 km of roads opened as 2+1-roads (denoted non-meetings roads).

In Spring 2001 SNRA decided to replace the traditional 13 m road with the 2+1 cable barrier
concept as a standard cross-section for new constructions as well as for rehabilitation of existing 13 m roads. The following trigger flow values are used for 2+1-solutions:
• minimum opening year AADT normaly 4000 veh/d
• maximum final year AADT 12000 veh/d for normal roads and 15000 for semi-motorways
The counter-measure should also:
• be appropriate for the problem situation
• give a reasonable cost-benefit ratio
• give a reasonable traffic safety key value, i.e. cost per reduced severe or fatal injury
• give a reasonable level-of-service during the final year design hour

5. DESIGN CONCEPT
The design concept for a 2+1-design with cable barrier on an existing 13 m road is as follows:
•

•

One continuous lane in each direction and one middle lane changing permitted direction
with an interval of 1.5-2.5 km. The length depends on alignment, locations of intersections
etc. 1+1-designs could be used at long bridges expensive to widen and on sections with
frequent access roads, pedestrians and bicyclists where separation is costly or impossible.
2+2-sections could also be needed to avoid 1-lane sections on up-hills and to improve traffic performance on segments with low costs for widening.
Transition zones from 2 to 1 lanes have a length of 150 m, totally 300 m for both directions. The transition zone has delineators on the cable poles at a distance of 10 m with
double-sided lane closure information signs 400 m ahead and at the start of the transition
zone, see Figure 3.Quick-locks make it possible to open the cable barrier in each transition. Transition zones from 1 to 2 lanes are 100 m.

Delineator reflectors c/c 50 m mounted
on the cable posts

Delineator reflectors c/c 10 m mounted
on the cable posts

Section of the cable fence
that can be opened

400 m

C(0,2)

Last stroke of the lane line

Fig 3- Design principles for 2 to 1 lane transition zone
•

The cross-section within the existing 13 m on normal 13 m roads, see Figure 4, is proposed to comprise of:
- 1.25 m median with a continuous cable barrier in CEN containment class N2 and
working width W5

- 3.25 m wide traffic lanes in the two-lane direction and 3.75 in the one-lane direction
- 0.75 m outer hard shoulders to facilitate very low volume pedestrians and bicyclists.
- a strip of 1.0 m with full bearing capacity without overlay on one-lane sections for
emergencies can be added.

Fig. 4- Proposed standard 2+1-cable barrier cross-section within existing 13 m
•

Existing roadside areas should be smoothed within the right-of-way. This means that
solid objects, trees etc should be taken away and culvert ends tapered. Side cable barriers should be used at dangerous locations as right bends in rock cuts and on low cuts
and all embankments in forest areas, see Figure 5.

Fig. 5- Example of side cable fence in a forest area
•

•
•

The maintenance standard includes the following requirements:
- Bridge inspections, overlay repairs etc should be co-ordinated to minimize the
number of traffic diversions. Delineator post washing etc should be performed during
low traffic volume conditions
- snow should be removed in the first 0.4 m of the median. Edge lines should be visible.
Permanent emergency openings is to be established every 3-5 km in the cable barrier to
allow rescue vehicles to turn
Cable barrier ends used are tested and approved. They don’t cause any ramp effects.

Access roads should be taken away and pedestrians and bikers should be separated when possible at reasonable costs.

Major critical issues are conditions for access traffic and vulnerable road users and the narrow
one lane sections. The latter, some 5 m if the road is not widened, will create road blockages
at emergency truck stops, deteriorate emergency services and conditions for maintenance.

6. SPEED PERFORMANCE FINDINGS
A feasibility study, performed before the development program was started, predicted passenger free flow car speeds to decrease a few km/h with a rather big flow impact based on experiences on 2+1 road marking designs and simulations (Brüde and Carlsson 1997).
On E4 Gävle-Axmartavlan speed effects have been investigated by means of:
•
•
•

a number of before and after spot speed measurements
floating car studies in high traffic volumes
continuous lane based spot speed measurements on a location for southbound at the start
of a one lane section and for northbound at the end of a two lane section.

The main conclusions from measurements at speed limit 90 km/h (1998-1999) and speed limit
110 km/h (1999-2000) are (Carlsson et al 2000 and 2001):
•
•

•
•
•
•
•

Daily average journey speeds for cars have increased about 2 km/h at speed limit 90 km/h
The journey speeds have increased further at introduction of speed limit 110 km/h. The
average journey speeds for cars are 108,5 km/h with a difference of about 5 km/h between
one lane and two lanes segments (111 km/h in two lanes and 106 km/h in one lane segments).
This is valid for one directional flows up to 500 v/h. At higher flows the speed is weakly
decreasing in one lane segments
The speeds for cars in overtaking lane on two lanes segments are in average 120 km/h.
At one directional flows above 900 v/h there is considerable variations in speed profile
between the different segments
Floating car studies confirm a good level-of-service also at high traffic flows, up to 1 3001 400 v/h in one direction
The capacity is estimated to be 1 600-1 700 v/h in one direction during a 15 minutes period. This value is estimated to be some 300 v/h less than for an ordinary 13 m road.

The transition zones from 2 to 1 lane was feared to get both weaving and trafficability problems. So far the transitions zones have performed well. The proportion of vehicles in the beginning of the zone is small on 2+1_cb, significantly smaller than on 2+1 based with road
markings. The conclusion is that drivers seem to handle the design of the transition zones in a
cautious and responsible manner.
Traffic flows in the range 1 200-1 350 v/h with average speeds 100 km/h have been measured
at the beginning of a one lane segment at speed limit 110 km/h, see Figure 6. Continuos lane
based spot speed measurements have been carried out during nine weeks in April-June 2001,
covering all the big holidays with high traffic volumes. The flow impact seems to be very
low, partly due to the measure point location. As can be observed there is no flow impact for
flows below 700 v/h. The maximum hourly flows correspond to 30-35 % of the AADT for
this direction. The capacity is estimated in the range 1 600-1 700 v/h.

At one occasion with extremely high traffic volumes at Easter year 2000 a capacity breakdown has occurred. The transition zones from 2 to 1 lane were over saturated at weaving to
one lane with long platoons and stop and go conditions as a consequence.
Hourly car average speed (km/h), april-june 2001; southbound at the beginning of one lane segment
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Fig 6– Hourly car average speeds versus directional total flow (v/h) at the start of a onelane section

7. TRAFFIC SAFETY FINDINGS
7.1 Accident analyse and conclusions
The main reason with the 2+1-design with median cable barrier is obviously to decrease the
number of meeting- and overtaking accidents with severe and fatal consequences. In the feasibility study cable separation and smoothing of the roadside was estimated to reduce severely
injured and killed in the range 20-50 %, higher on semi-motorways than on normal roads.
This should be compared with a full extension to motorway with a reduction of 65 %, which
reasonably must be the maximum effect. But on the other hand it was judged that the number
of slight accidents without personal injuries should increase depending of the median cable
and narrow one lane segments.
For a general safety analysis all accidents that have occurred on all the opened objects with
median cable have been summarised. The outcome up to 1 May 2001 has been considered.
That makes totally 121 accidents with no one killed and 6 persons with severe injuries. The
121 accidents are distributed on type of accident as follows:
-

69 single accidents with 5 severely and 18 slightly injured persons
29 overtaking accidents with 5 slightly injured
14 catching up accidents with 8 slightly injured
9 various accident with 1 severely injured (sudden braking for a bird)

Of the totally 121 accidents 24 have involved personal injuries. Of these 24 accidents 12 have
occurred in two lanes segments and 11 in one lane (one is unknown). There is no basis to declare that one lane segments are more dangerous than two lanes.
As can be observed the meeting accidents have so far ceased disappeared and the number of
single accidents with severe injuries have been significantly reduced (totally 3 accidents with
5 severely injured persons, all in right hand run off accidents). But there has been one single
accident, where the vehicle passed over the cable barrier and crashed in the ditch on the other
side of the road. All persons involved were belted. This and some help from heaven gave only
one slight injury among five people in the car.
Overtaking accidents with severe consequences have not appeared as yet but normally these
accidents are just about 6 % of all severe injuries. A reasonable conclusion of the data presented above is that accidents with severe consequences have been prevented of the cable
barrier and converted to cable crashes without any severe consequences. That is valid especially for meeting accidents but also for single accidents, which in general have significantly
less severe injuries.
The safety outcome presented above has been compared with the normal (predicted) outcome
on ordinary semi-motorways with the same traffic volume. The 121 accidents presented above
are the outcome on eight opened semi-motorway objects with totally 364 millions axle pair
km of mileage.
The SNRA safety prediction model (SNRA 2000), used in the cost-benefit calculation program for investment planning, has been used for calculation of the normal (predicted) outcome on an ordinary semi-motorway link with speed limit 90 or 110 km/h. Table 1 below
presents the predicted number of accidents and number of injured and killed persons. The
predicted values are compared with the real outcome (observed numbers) on the eight opened
objects.
Table 1- Predicted number of accidents and injuries compared to real outcome

Number of acc.
Injured persons
Severe injured or
killed
Killed

Predicted
80
50
14.2

Observed
121
37
6

3.9

0

Remark
Significantly more
No significant differ.
Significant on the
limit
No significant differ.

There are 6 severe injured including killed from all the objects and from the 364 millions axle
pair km of mileage. That should give an effect of about 58 % (8.2 compared to 14.2). The
observed number is significantly different from the predicted one, but just on the limit. The
estimated effect of 58 % are composed by the median cable barrier of about 45 percent units
and the roadside smoothing of about 13 units. As already mentioned no one has been killed
but that is still not but close to a significant difference to the predicted value 3.9.
Total numbers of injured are about 25 % less than predicted but the total numbers of accidents
are higher than normal number (about 50 % higher, significant difference). But this is in
agreement with the expectations in the feasibility study.

The results in table 1 gives a basis for a smooth adjustment of the initial judgement in the feasibility study for semi-motorways. The effect on severe injured and killed persons can now be
estimated to be from at least 30 % and up to 50 % (with roadside smoothing). The effect for
killed persons is probably higher than 50 %. The effect for extension to motorway is 80 %.
No accident data is available so far for ordinary 13 m roads.
7.2 Median cable crashes
It was expected that the number of median cable crashes should be high, in the range 0.5-1.0
crashes per million axle pair km.
The outcome so far is 0.8 on E4 Gävle-Axmartavlan, which means 159 crashes or about once
a week on this road. About 30 % of the crashes are reported to the police and can be investigated. Only 30 % of these reported crashes were primary direct cable crashes probably caused
by lack of concentration. All other cases were preceded by skidding, flat tyres, uncontrolled
manoeuvres including position outside right asphalt edge and similar.
Other information about cable crashes of interest is as follows:
•
•
•
•

65 % have occurred in one lane segments
Just 8 % have occurred in a transition zone 2 to 1 lane. This is a slightly less proportion
than the length of road with 2 to 1 transition (about 10 %).
About 50 % of the crashes have occurred in the winter period, December-March. The proportion of the yearly mileage during these months is just 25 %. In many cases skidding is
the primary cause for a cable crash.
Barrier crashes is a winter problem

Some data has also been reported from other projects. The variation tends to be significant
between individual projects. A lot of effort has been spent on embedded noise producing road
markings and visual devices on the barrier to reduce the number of crashes.
The main conclusion is that a number of accidents have been prevented of the median cable
barrier but instead turned out to be crashes against the cable with in many cases more slight
injuries.

8. DRIVER ATTITUDES
On the first object E4 Gävle-Axmartavlan driver attitude surveys were performed during two
occasions, autumn 1998 and autumn 1999. Some results are (Carlsson et al 2000 and 2001):
•
•

•

The survey from autumn 1998 showed that the drivers prefer 2+1-design with road markings to an ordinary two-lane road. Only a marginal number had the 2+1 with cable barrier
as the best alternative, less than 1 %.
At the new survey autumn 1999 about 40 % of the drivers considered 2+1 with cable barrier to be the best design against 30 %, which prefer 2+1 with road markings. The changes
in attitudes are large and significant. The changes were greatest amongst personal car
drivers who were interviewed at the roadside, which include a big proportion of non-local
traffic.
It is obvious that the people in the survey, both the roadside drivers and local people answering by mail, have changed its attitude against the 2+1 road with cable barrier. From a
general very negative attitude against it to a general accept of the design, based on the
own experiences during one year of driving.

A major attitude survey has also been conducted on E18 with even better results.

9. IMPACT ON MAINTENANCE
The additional costs for maintenance on 2+1-roas with median cable are presented in
(Carlsson 2000 and 2001). The total maintenance costs are estimated to increase with about
120Thousand SEK per km and year for E4 Gävle-Axmartavlan, rather close to a 100% increase. But this is slightly lower compared with the estimations in the feasibility study. The
main additional costs are summarised below:
•

•
•

•

Cable repair costs is the largest problem. The costs for one cable crash are about 10 000
SEK for cable repair and 25 000 SEK for car repair, totally 35 000 SEK. The latter figure
is a guess as no data are available. A cable crash rate of 0.8 per millions axle pair km
gives about 2.3 crashes per km road length and year. This is corresponding to 80 Thousand SEK per km and year.
Opinions vary about pavement costs. Based on rut depth measurements pavement costs
are estimated to increase with about 10 Thousand SEK per km and year. The reason is
more rutting in the one-lane segments.
Normal fixed works as delineator post washing, bridge washing, ditches and roadside cultivation is recommended to be performed during low traffic volume conditions. On E4
Gävle-Axmartavlan these tasks are carried out with one-way traffic with the other direction redirected to a parallel road by means of stationary redirectional signs and VMS-signs
on the entries to E4. The additional costs are estimated to 20 Thousand SEK per km and
year.
Winter maintenance costs are increased with just 5-10 Thousand SEK per km and year.
This is far less than expected. The snow ploughing speed is unaffected but snowplough
drivers complain that the task is more stressing than normal ploughing. The salt consumption has decreased instead of increasing. The reason is that it is now a somewhat smaller
surface to be salted.

Work zone area safety is a major concern. Repair work is so far conducted from a TMAclosed overtaking lane with full traffic in one lane in both directions. One serious incident has
occurred when a passenger car crashed the road lane closure device in high speed. Another
one is emergency blockages and emergency vehicle operation.
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1.

GROWTH OF NEW STREET TYPES IN BUILT-UP AREAS
DURING THE LATTER PART OF THE 20TH CENTURY

1.1 50 km/h in Built-up Areas
50 km/h has been the general basic speed in built-up areas in Sweden since 1950. Deviations
from this speed occur only on exception, despite the fact that the traffic planning documents
used in Sweden during the latter half of the 20th century present a very clear hierarchy of
street types in built-up areas. This causes tension. There are many cases where a speed of 50
km/h is considered too high, for example on many entrances to areas with one-family dwellings and on several residential streets in central city areas. In other instances, a speed of 50
km/h in built-up areas seems too low.
1.2 Traffic Segregation according to the Scaft Guidelines
The Scaft principles have had a great impact in Sweden. The concepts involved were associated with what is modern, right and desirable for a long time. Traffic segregation was seen as
something that had to be applied everywhere, and something that would be successful in new
development areas, but not in older established areas. Sweden ignored established areas, and
unlike countries like Holland and Denmark did not promote a mixed traffic system.
1.3 Development of New Street Types
New types of street started to emerge during the second half of the 20th century in northern
Europe.
Pedestrian precincts were introduced in city centres at the end of the 50’s. Ströget in Copenhagen is an example of this. This development began in the 60’s in Sweden.
The end of the 70’s saw the woonerf being introduced in Holland. This was known as leg- og
opholdsgade in Denmark in the 80’s and as gårdsgata in Sweden and gatetun in Norway in
the 90’s.
30-streets started appearing on the scene. The idea that 30 km/h should be the maximum
speed in residential areas gained momentum in many countries along with the view that these
areas should consist of 30-streets and walking speed streets (pedestrian precincts and woonerfs). In Denmark 30-streets were called Stillevej. In the mid-80’s a decision was made in
Holland to slow down the introduction of woonerfs and concentrate more on 30-areas. The
Dutch are strongly in favour of the woonerf, but it is a very expensive alternative. In the mid90’s Graz decided to introduce 30 km/h throughout the entire city, except on streets marked as
primary roads where the basic speed was 50 km/h. A few streets also had a posted speed of 60
km/h.
50/30 streets started being built. To my knowledge, the first of these was Skiphusvej in
Odense, a conversion that began in 1979. Using Skiphusvej as a model, Drottninggatan and
Djurgårdsgatan in Linköping were converted at the end of the 80’s. The 90’s saw
Slottsskogsgatan and Djurgårdsgatan in Gothenburg move in the same direction. A 50/30
street is meant to refer to a main street on which more or less extensive civil works are undertaken at certain points in order to reduce vehicle speeds and thereby make it easier for pedestrians, cyclists, children, senior citizens and disabled persons to cross over. These trafficcalming measures force cars to shift in a horizontal and/or vertical direction. The street width
can also be reduced; Drottninggatan in Linköping for example was reduced from 10.5 m to
6.2 m. A narrower vehicle carriageway often makes it easier to create cycle paths or plant
trees. Asphalt is frequently replaced by other materials that make the street environment more
attractive while facilitating separation, primarily between pedestrians and cyclists.
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2. VISION ZERO
The lack of safety in the road transport system has gradually developed to a major, and global,
public health problem. Reductions have been seen in some countries, but not to the extent that
the road transport system can be said to be Safe.
For a long time the goal in traffic safety policies has been a continues decrease in fatality
rates. The ultimate goal then per definition is set to zero fatalities.
A concept called the ”Vision Zero” has developed in Sweden. The Vision Zero defines the
traffic safety problem, not as a crash problem but instead as an injury problem. Fatalities and
severe/impairing injuries are focused. Property damages and minor injuries are not considered
first priority problems.
The safety philosophy behind the Vision Zero is not to allow mobility over the limit for the
risk of being killed or seriously injured, and to build a system that is forgiving to human mistakes and misjudgements. This is partly different from the philosophy of yesterday, where the
road users are supposed to act perfect within the road transport system.
To radically change the situation the traffic system must be redesigned to be more forgiving
to mistakes of the road users.
Compared to other man/machine systems the traffic safety system is very little developed.
The human tolerances to extreme forces are limited and to a large extent know. If designing a
transport system to the biomechanical limits on human beings, changes in many approaches
of today must be made. A theoretical model for the transport system has been developed.
The introduction of the Vision Zero on the political area has been successful. In the long time
planning process the Vision Zero has become very important in Sweden.
According to Vision Zero, the level of violence that the human body can tolerate without being killed or seriously injured shall be the basic parameter in the design of the whole road
transport system. And of course also in the creating of a traffic network and street design in
build-up areas. According to this we have stated three important premises for road safety and
street design
1. On roads where there is a risk for head-on collision
a motor vehicle is not allowed to drive faster than 70 km/h.
2. On streets where there is a risk for a side impact collision
a motor vehicle is not allowed to drive faster than 50 km/h.
3. On streets where a car can hit a pedestrian or a bicyclist
a motor vehicle is not allowed to drive faster than 30 km/h.
More or less as a logical consequence of these three basic premises,
a hierarchical division of streets and roads has been introduced as follows
1. Through Traffic Route (70 km/h roads)
2. 50/30 Street (Main Street)
3. 30 Street (Residential Street, Wohnstrasse, Rue Residentielle)
4. Walking Speed Street (Woonerf)
5. Car Free Area (lanes for pedestrians and cycles, pavement, cycle path, square etc)
So, results can already be seen in development of the new street design types above, The New
Approach.
In other words, we change the standard 50 Streets in built-up areas to
50/30 Streets, 30 Streets and Walking Speed Streets
wherever pedestrians, cyclists and motor vehicles share the street.
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3. ACCOUNT OF THE NEW APPROACH
3.0 Introduction
On a number of occasions, the Swedish Government and Parliament have expressed various
goals those are to be met within the framework of the transport system. These goals mainly
relate to a high degree of road safety, good traffic environment, good transport quality, good
accessibility for commerce and industry and the private individual and a good regional balance.
In addition, Government and Parliament wish us to achieve a greater proportion of pedestrian
and cycle traffic. Government and Parliament also wish us to achieve a much better situation
for children, the elderly and the disabled when it comes to their ease of movement, safety and
security.
The goals for road safety are a maximum of 400 fatalities and 3,700 seriously injured in 2000,
and a maximum of 250 fatalities in 2007. The long-term goal of Vision Zero is a situation
with no fatalities and no seriously injured in road traffic.
Work is under way to break down the goals expressed by Government and Parliament into
specific components. The New Approach is to be seen as part of this work. The content of the
New Approach will form the main part of the remainder of my presentation.
In many European countries, perhaps especially in Sweden and in the Netherlands, the conviction arose that the current policy on road safety was no longer capable of reducing the present level of risk, and that a new and radical future scenario had to be defined to improve the
situation. Both the concepts of “Vision Zero” (Sweden) and “Sustainable Safety” (the Netherlands) state that if we wish to change the road safety situation radically, we must stop defining road fatalities as a negative, albeit largely accepted, side effect of the road transport
system. Both concepts describe the road safety problem as a public health problem, which can
no longer be ignored.
Central elements of the Swedish Vision Zero/The New Approach and the Dutch Sustainable
Road Safety System are regard to the intended function of and the intended (traffic) behaviour
on the roads that are being planned. The design has to comply with the demands of function
and behaviour. If function, design and behaviour are not well balanced, adjustments in one,
two or all three of them have to be made to find a proper balance.
In both Vision Zero/The New Approach (Sweden) and Sustainable Safety (The Netherlands)
the classification in different road and street types with well-described characteristics is considered to be a very important aspect.
The concept of the New Approach is characterised by
1. A limited number of categories of urban roads and streets
2. Clearly distinctive design
3. Distinctly different types of roads and streets
4. The design of the road categories must be easily recognisable.
5. The design alternatives will be limited to create uniformity.

So, when you are in a street you should be able to understand,
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preferably intuitively
1. What kind of street you are in.
2. What (traffic) behaviour is expected from you.
3. What (traffic) behaviour you can expect from others.
You shall be able to understand it even if you are a child, an elderly or a disabled
person.

According to Vision Zero, speed is regarded as a very important and integral factor. So, from
traffic safety point of view it is said that:
1. On roads where there is a risk for a head-on collision
a car is not allowed to drive faster than 70 km/h.
2. On streets where there is a risk for a side impact collision
a car is not allowed to drive faster than 50 km/h.
3. On streets where there is a risk for a car to hit a pedestrian or a bicyclist
a car is not allowed to drive faster than 30 km/h.
More or less as a logical consequence of these basic premises, a hierarchical division of
streets and roads has been introduced in Sweden as follows:
1. Through Traffic Route (70 km/h Road, sometimes 50 Road or 90 Road)
2. 50/30-Street
(Main Street, Urban Arterial Road)
3. 30-Street
(Residential Street, Wohnstrasse, Rue Residentielle)
4. Walking Speed Street (Woonerf).
5. Car Free Area
(not dealt with here)
We are now presenting a system of street classification. One advantage of this road and street
classification is the possibility of including an accurate description concerning
Function (perspective of society)
Behaviour (perspective of individuals/road users)
Design
for each street type.
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3.1. Through Traffic Route
Function
The through traffic route is intended for longer motor-vehicle journeys through built-up areas
passing by one or more residential areas. The through traffic routes consist of those roads
where priority is given to the efficient transport of people and goods by motor-vehicle at
steady, moderate speeds within a road network capable of handling the prevalent traffic volume.
Behaviour
The speed of motor vehicles is mostly 70 km/h on through traffic routes. The speed at intersections may not exceed 50 km/h if there is any risk of a side impact collision. This is ensured
through traffic calming measures as roundabouts, or - ultimately – through road informatics
technology. If there are short distances between the intersections, the speed limit is restricted
to 50 km/h, even on unbroken stretches. The speed limit is ensured through a traffic calming
design, even on unbroken stretches. Often the speed limit is also felt to be well motivated due
to the relative proximity of housing developments.
The speed of 90 km/h is sometimes possible even in built-up areas if the alignment and the
intersections are of very high standard, and if the distances between intersections are long.
Pedestrians and cyclists pass through traffic routes at grade-separated crossings. If this is not
possible, motor vehicles pass pedestrian and cyclist crossings at 30 km/h, the speed ensured
with the help of measures such as roundabouts.
Design
The alignment of a through traffic route is often of high standard and as far away from nearby
buildings as possible. The through traffic route is often situated in suburban areas or on the
periphery of built-up areas. The carriageway often has two traffic lanes for motor-vehicle traffic in each direction, sometimes even more. There is often road space available to enhance the
safety of errant vehicles. Rigid, stationary objects in the roadside area have been positioned,
designed or shielded so as to protect motorists who unintentionally drive off the carriageway
from serious injury in the event of head-on collision or side impact collision.
The carriageway has often two lanes for motor vehicle traffic in each direction, sometimes
even more.
A through traffic route is segregated from pedestrians and bicyclists, and any road connection
to adjacent neighbourhoods is intended for motor-vehicle traffic only. As there are no pedestrians or cyclists on a Through traffic route, there are no pedestrian pavements and no cycletracks.
Pedestrians and cyclists are provided with an adequate number of grade-separated interchanges for crossing through traffic routes. For movements parallel to the Through traffic
route network, there are pedestrian and cycle paths that are totally segregated from motorvehicle traffic by means such as vegetation, a safety fence or sufficient distance between the
carriageway and the pedestrian and cycle path.
Green ways running along through traffic routes often have very few or even no points of
confrontation with motor vehicles. Their alignment is often attractive for fast-moving, longdistance bicycling. This means that they would be a natural component in the trunk cycle
network.
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3.2 50/30 Street
Function
The 50/30 street is used by motor vehicles and by bicyclists going from one neighbourhood to
another nearby or -for motor vehicles - to a Through traffic route. Car parking can be permitted along a 50/30 street, especially in central areas.
Often a 50/30 street is not a boundary between two neighbourhoods, and therefore pedestrians, cyclists, children, the elderly and disabled persons very often need to cross 50/30 streets.
Behaviour
Pedestrians and cyclists cross a 50/30 street at designated pedestrian and bicycle crossing. Car
drivers pass pedestrian and bicycle crossing not faster than 30 km/h.
On unbroken stretches where no pedestrians or cyclists cross, motor vehicles are permitted to
drive a maximum of 50 km/h.
Design
The carriageway normally has only two lanes for ordinary motor-vehicle traffic, one lane in
each direction. This means an approximate width of 6.2 metres between the kerbs on opposite
sides of the street. The 50/30 street has wide pedestrian pavements and wide bicycle tracks
affording pedestrians and cyclist good accessibility, safety and security.
There are three very important reasons for constructing cycle-tracks along 50/30 streets. It
promotes bicycling and safety, and it enables road-users to intuitively perceive that they are in
a 50/30 street.
So, the 50/30 street has wide cycle-tracks and wide pedestrian pavements, affording pedestrians and cyclists ease of movement, safety and security. Furthermore, these wide pedestrian
pavement and cycle-tracks provide the potential for creating an attractive, pleasant street
space that is also suitable for children, the elderly and disabled persons.
50/30 streets often have a straight, direct alignment. The cycle-tracks along these streets will
therefore almost of necessity become a natural link in the trunk bicycle network. This means
that they will be at least 2 metres wide for one-way cycle traffic and at least 4 metres wide for
two-way cycle traffic. The high biking speed also motivates the necessity of taking measures
to separate pedestrians and cyclists. A sufficiently wide pedestrian pavement and a sufficiently wide cycle-track should then be arranged; 2 metres would appear to be an acceptable
minimum for both the pavement and the cycle-track.
Where there is heavy bus traffic, the 50/30 street is designed with bus lanes.
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3.3

30-Street

Function
The 30 street is a street mostly in a residential area, where priority is given to the local inhabitants, thus designating its function. The 30 street is an attractive, pleasant street space and
an environment suitable for children, the elderly and disabled persons.
As far as vehicles are concerned, a 30 street is used mostly by local motor-vehicle traffic that
originates in or has a destination within the neighbourhood. As regards motorised vehicles, 30
streets nearly always have access traffic, sometimes collector traffic, but no through traffic.
For cyclists, 30 streets may have a distribution and also a through traffic function, since cyclists need smaller margins in their network.
Behaviour
Within a residential area it is natural to cross a street as a pedestrian or a cyclist arbitrarily,
either anywhere along the street or at street crossings.
The normal way to move within a 30 area is on foot or by bike. It is safe and secure to go by
walking canes, wheelchairs and rollators. Rollators is a walking aid very common in Sweden.
On 30 streets the speed is limited to a maximum of 30 km/h. Where motor vehicles and cycles
share the same space, and where a 30 street has an obvious residential function, lower speeds
should probably be recommended for both cyclists and motorists.
The cyclists can use the entire width of a 30 street and motor vehicles can be required to wait
before overtaking until this can be performed without risk of danger.
Design
A 30 street has pedestrian pavements and a carriageway. The carriageway is as narrow as possible, i.e. between four and six metres. Thus, there is space for the pedestrian pavement to be
as wide as possible, providing great potential for creating an attractive, pleasant street area
suitable for children, the elderly and disabled persons alike. Especially in the inner city areas,
30 streets provide part of the need for short-time parking. Parking spaces are designed and
located with care, paying consideration to their being an aesthetically attractive element
within the street environment.
The 30 street has no marked pedestrian and cycle crossing, no cycle tracks and no traffic signals. Sometimes there are cycle roads in 30 areas.
Traffic calming measures guarantee safe, secure interaction between pedestrians, cyclists and
motorists. A good traffic calming measure is an elevated crossing, signalling that in residential areas priority is given to pedestrians. Motor vehicles pass an elevated crossing at walking
speed. This solution will help children, the elderly and disabled persons to move about, especially those in wheelchairs and using rollators.
30 streets are designed with varying kinds and levels of traffic-calming measures.
It is not out of the ordinary that a 30 street is made one-way for motor vehicles in a 30 km/h
area. However, it is not usually necessary to make such a street one-way for cyclists as well.
Depending on the situation, it could suffice to simply use signs to indicate that bi-directional
traffic for cyclists is permitted. However, it could also be necessary to use both signs and a
painted line to delineate a cycle lane in the direction facing oncoming motor-vehicle traffic,
i.e. what is known as a “contra-flow lane”. It would be appropriate to construct this cycle lane
in a material and colour associated with cycling, e.g. reddish brown asphalt. A traffic island
could be required at the beginning and at the end of the cycle lane. When the traffic volume is
intensive on such a one-way street, it may be necessary to construct a curb cut to separate the
cycle traffic facing oncoming motor vehicles.
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A cycle street can cut across a 30 km/h area. Such cycle streets are characterised by distinctly
more through cycle traffic than what can be found on a normal 30 street. One possible reason
for this situation could be that the 50/30 streets in the vicinity are so far apart that they are
unable to capture all the fast-moving bicycle traffic on the cycle-tracks. Cycling is very much
affected by detours, and therefore needs more direct routes. Another reason could be that the
cycle-tracks along the 50/30 streets have not yet been constructed for some reason or another.
Cyclists along a cycle street have the right of way at intersections within a 30 km/h area.
Motor vehicles cross cycle streets at walking speed.

3.4 Walking Speed Street
Function
The walking speed street is a communal outdoor space shared by everyone living by the
street. It is a street especially for children, the elderly and disabled persons. A walking speed
street is an attractive, pleasant street space for meetings, play and recreation. It is used by
motor vehicles only when they come from a destination or go to a destination along it or a
street close nearby.
Behaviour
Pedestrians and cyclists always have the right of way.
The walking speed street is designed and regulated so that the maximum speed for motor vehicles does not exceed walking speeds, i.e. 5 to 10 kilometres per hour, with an average speed
of around 7 kilometres per hour depending on who is walking.
This type of street has often been created on the initiative of the property owners and the local
residents, with both groups supporting the construction and maintenance operations.
Needless to say, it is safe and secure to bicycle on a walking speed street since the speed of
the motor vehicles is limited to walking speeds. Children, elderly, disabled persons and those
not used to cycling ought particularly to appreciate being able to cycle here. The major purpose of walking-speed streets - i.e. being a pleasant and attractive outdoor area for those living and working along the street or in its immediate proximity - means that it cannot be used
for biking at very high speeds and to a very great extent.
The disadvantage of walking speed streets means that cyclists do not have to travel at walking
speed for more than maximum one or two hundred metres, and this normally occurs at the
beginning and at the end of a trip.
Design
The walking speed street is designated as communal outdoor space shared by everyone living
by the street.
The entire walking speed street is intended for everybody; it is not divided into separate lanes
for different types of “traffic”.
It is designed entirely at the same level, i.e. there are no curbs.
It is a good solution if the pavement surface is in a colour generally associated with walking,
preferably light grey, and in a material we associate with walking, for instance plates, bricks
or stones.

3.5

Car Free Area (not dealt with here)

---------------------------------------------
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4.

IMPLEMENTATION. FROM VISION TO REALITY

4.1

The Swedish National Road Safety Programme and
A New Design Philosophy for Urban Streets

The National Road Safety Programme for 1995-2000 stipulated the development of a new
design philosophy for urban streets. This was subsequently drawn up by the Swedish National
Road Administration in 1996. A concentrated version of this was presented in Chapter 3, entitled ”Envisioned Goals”, in the reform document ”Safer Traffic Environments in Built-up
Areas” published jointly by the National Police Board, the Swedish Association of Local
Authorities and the Swedish National Road Administration in March 1997.
Initially, 4 000 copies of this document were printed. However, the demand was far greater
than expected, and before the end of 1997, 23 000 copies of this ”orange book” (as it came to
be called) were printed. It became evident that the knowledge and recommendations presented
there filled a great need.
1999 saw the publication of a manual entitled ”Calm Streets!”, which is primarily a method
to assist in the classification of municipal streets along the lines of the New Approach. The
municipalities of Tjärhamn, Borås and Nora took the lead in implementing this approach. The
results are compiled in three easily comprehensible and pedagogical reports that have been
distributed to all Swedish municipalities. Financial backing was provided by the Swedish National Road Administration (SNRA).

4.2 SNRA Regional Administrations and The New Approach
The SNRA regional administrations have been positive towards the New Approach, and have
decided that it would be preferable to work according to its envisioned goals rather than according to the provisions in such documents as Argus ‘87.
These regional administrations have allocated a substantial amount of time and money to help
municipalities classify their streets according to the ”Calm Streets!” method. Some regions
have expressed the desire that the reform document be given formal support within the
SNRA. This will probably not happen, and it is not certain whether such formal support is
necessary or even desirable.

4.3 Swedish Association of Local Authorities and the New Approach
in ”Calm Streets!”
The Swedish Association of Local Authorities is actively working on the reform document
”Safer Traffic Environments in Built-up Areas”. This association is the sole publisher of
”Calm Streets!”, which is fully behind the New Approach that was first presented in the reform document.
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4.4 Municipalities and the New Approach
Most of the municipalities in Sweden have either classified their streets according to the New
Approach or are in the process of doing so. This is largely due to the fact that several municipalities already had intended to work in quite a similar direction.
The street classification is usually related to and co-ordinated with overall urban planning,
and often has firm political backing.

4.5 New Approach and Operational Planning
For the past few years, the SNRA has used either the number or percentage of municipalities
that have classified their street network according to the structure presented in ”Safer Traffic
Environments in Built-up Areas” and in ”Calm Streets!” as a parameter in its annual operational planning for the coming year. Hence, the SNRA Head Office along with the regional
administrations have not only espoused the New Approach but have also decided to work
from its basic premises and endeavour to turn it into reality.

4.6 EU Project Promising and the New Approach
Part of the work in the European Union project Promising concerns trying to create a desirable framework for street structure and design in built-up areas. The discussions in this connection primarily concern ideas and results from both the Dutch ”Sustainable Safety” as well
as from the Swedish ”Vision Zero” in its application to street structure and design: the New
Approach. The New Approach is presented on pages 59-63 in the main report of the Promising project and on pages 20-34 in the WP2 report.
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BACKGROUND
Intersection safety constitutes one of the most critical elements of the highway system in the
United States. About 23 percent of fatalities and 49 percent of highway injuries occur at
intersections, both signalized and non-signalized. Injury and total crashes are equally
represented at signalized and non-signalized intersections (table 1). Although there are a
larger number of non-signalized intersections, the magnitude of the exposure might be
comparable to signalized intersections. A higher percentage of fatal crashes at non-signalized
intersections (table 1) may be attributed to higher speeds.
Table 1. Type and Location of Crashes Nationwide (Traffic Safety Facts 1999)

Intersection and
Intersection-Related

At Signalized
Intersections

At Non-Signalized
Intersections & Others

Fatal

8,514 (23%)

2,734 (32%)

5,780 (68%)

Injury

1,015,000 (49%)

476,000 (47%)

539,000 (53%)

Total

2,806,000 (45%)

1,279,000 (46%)

1,527,000 (54%)

Crash
Severity

Single-vehicle crashes account for approximately 24 percent of the crashes at non-signalized
rural T-intersections and 13 percent of the crashes at four-legged intersections (two-way stopcontrolled [TWSC]) (Bauer et al., 2000). In urban areas, this difference is not noticeable (14
percent at T-intersections compared to 12 percent at four-legged intersections). A higher rate
of single-vehicle crashes may be due to lack of conspicuity at the approaches of Tintersections in rural areas. Table 2 shows higher proportions of fatal/injury crashes (an
additional 16 percent at four-legged sites compared to T-intersections). To a lesser extent, for
two lanes intersecting four lanes, a higher proportion of combined fatal/injury crashes is
revealed (9 percent higher for four-legged than T-intersections [table 3]). Offset Tintersections eliminate crossing maneuvers and reduce the number of potential conflicts.
Table 2. Level of Injury Comparison for Rural 2x2-Lane TWSC Intersections
Washington State Data for 2x2 Lanes
Injury Level
Four-Legged (%)
T (%)
Fatal
2
1
Incapacitating Injury=A
8
6
Non-Incapacitating=B
28
20
Possible Injury=C
24
19
Property Damage Only (PDO)
38
54
Table 3. Level of Injury Comparison for Rural 2x4-Lane TWSC Intersections
California State Data for 2x4 Lanes
Injury Level
Four-Legged (%)
T (%)
Fatal
2
1
Injury
59
51
Property Damage Only (PDO)
39
48

This study will focus on improving safety and operational performances of four-legged
crossings by offsetting them and creating two offset T-intersections.
DESIGN AND SAFETY IMPLICATIONS
Most guidelines either recommend avoiding skewed intersections with angles less than 60o or
providing the necessary sight distances and features (American Association of State Highway
1

and Transportation Official’s A Policy on Geometric Design of Highways and Streets [Green
Book]) (AASHTO, 1994). According to National Cooperative Highway Research Program
(NCHRP) 279, special control features such as all-stop traffic signs and geometric
improvements should be considered as well (Neuman, 1985). The most obvious
improvements are the realignment of the approaches to achieve more perpendicular crossings.
Another treatment is to install separator islands on the minor road; this can reduce angle
collisions by 30 percent according to a French research report (Aubin et al., 1984). This costeffective treatment can apply to cross and T-intersections. Angle collisions are 59 percent and
43 percent of the total crashes at cross and T TWSC intersections, respectively. Figure 1 is
taken from the French guide on interurban intersections (SETRA, 1998). The findings
resulted from a before/after study of 32 intersections on major rural roads in France (Aubin et
al., 1984). Moreover, the effectiveness of these designs is greater when the entry path is
curved or deflected in order to reduce speeds before the conflict area is reached, and when the
curb of the separator island is traversable. Dimensions from the figure are tabulated in the
referenced guide (SETRA, 1998, table 8).

Figure 1. Design of separator islands at the minor approach for T- or cross intersections
(SETRA, 1998).

A report from Finland found that an obtuse angle formed with the minor road is conducive to
safety where the left-turning traffic from the major road has more comfortable access onto the
minor road with angles greater than 90o (figure 2) (Kulmala, 1995).

2

Major Road

Minor Road

Figure 2. Obtuse left-turn angle from the major road.

Vogt et al. have confirmed this theory in the development of crash models for four-legged
rural intersections on two-lane roads (Vogt et al., 1998). Conversely, T-intersections with an
obtuse angle from the minor road were found to have fewer crashes (Vogt et al., 1998).
Considering that left-turn volumes were not variables in the crash models, explicit
relationships between these volumes and the safety of obtuse angles could not be predicated.
Therefore, a follow-up report by Harwood et al. provided crash modification factors for
skewed intersections with negative safety effects, regardless of angle directions, citing lack of
other evidence for the Finnish theory (Harwood et al., 2000):
AMF3 = exp (0.0040 skew) for three-legged intersections.
AMF4 = exp (0.0054 skew) for four-legged intersections.
Where skew = average intersection skew angle (degrees), expressed as the absolute value of
the difference between 90o and the actual intersection angle.
For example, a 60o angle will have a skew equal to 30o and a crash modification factor equal
to 1.18. In a before/after comparison, Yuan and Ivan evaluated nine sites whose skewed
intersecting angles were realigned with other treatments as well (Yuan and Ivan, 2000). The
results from this small sample size revealed a reduction in crashes ranging from 10 to 40
percent. However, the findings from the combined treatments cannot be directly attributed to
angle realignment when the other treatments are adding signals and left-turn lanes. Moreover,
run-off-road crashes increased at four of the nine sites.
A less common alternative is to offset the crossing to create two T-intersections as long as a
minimum straight tangent of 46 m (150 ft) is provided before the intersection (Neuman,
1985). The Neuman NCHRP report noted that little through traffic is desirable when
recommending offset T-intersections, although a maximum volume was not indicated.
SAFETY ADVANTAGES
Non-Signalized Intersections
This section applies to intersections with either skewed or perpendicular alignments. The
safety benefits of converting four-legged (or cross) intersections to two offset T-intersections
are explored and analyzed. Adding a signal to cross intersections (for safety-related warrants)
is not a clear remedy for reducing crash frequencies. According to the Federal Highway
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Administration’s (FHWA’s) Synthesis of Safety Research, many findings have indicated
higher crash rates for rural intersections with signals (about 20 percent) because rear-end
collision are expected to rise (Merton et al., 1982). However, angle collisions are reduced, as
is the potential for severe collisions. Another remedy is to offset or stagger the two
approaches of the cross intersection to separate and reduce conflict locations without
requiring a signal when warrants are strictly safety-related. One of the very few papers on
staggered intersections (Mahalel et al.) compared two types of offset (right to left [R-L] and
left to right [L-R]) for cross intersections (figure 3) (Mahalel et al., 1986).

(R-L)

(L-R)

Figure 3. Right-Left (R-L) and Left-Right (L-R) configurations.

In this paper, many references were cited where injury crash reductions of 60 percent were
reported (Mahalel et al., 1986). The L-R designs had greater reductions in injury crashes than
the R-L designs (Mahalel et al., 1986). Nevertheless, Mahalel et al. favored the R-L layout
mostly for operational reasons that create slightly less delay and higher capacity (Mahalel et
al., 1986). Critical gaps for R-L designs are shorter than for crossing maneuvers. For 2x2-lane
intersections, figure 4 shows a noticeable reduction in conflict locations (from 32 to 22). For
two lanes intersecting four lanes, the conflict locations are reduced from 40 to 30.

Figure 4. Potential conflict locations for 2x2-lane intersections.
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Providing a left-turn lane on the major road for an R-L design and a right-turn lane for an L-R
design will mitigate the disadvantages of added interferences for through movements. Figure
5 from Mahalel et al. shows no interference when the distance is equal or less than 60 m for
R-L and 80 m for L-R. At larger offsets, interferences are constant.
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Figure 5. Potential vehicle interferences of traffic crossing the major road of 2x2-lane
intersections when the major-road speed is 80 km/h (Mahalel et al., 1986).

Derived aggregate measures of crash rates (crashes per million entering vehicles) are 40
percent smaller for offset TWSC intersections in rural areas (Hanna et al., 1976). A similar
reduction is noted between T- and cross intersections (table 4). A major difference may be
due to a higher percentage (16 to 29 percent) of angle crashes at cross 2x2-lane intersections.
Table 4. Comparison of Crash Rates on Rural 2x2-Lane Intersections (Hanna et al., 1976)

Intersection
Design
X
T
Y
Offset

Crashes per Million
Entering Vehicles
1.27
0.79
1.04
0.76

Crash Reduction in
Comparison to X
38%
18%
40%

Recent crash models are used in this study to confirm and illustrate the safety benefits of Tand cross intersections. The first comparison is derived from crash models for rural 2x2-lane
cross and T-intersections (Vogt et al., 1985). These models are fitted from Minnesota data for
327 cross intersections and 389 T-intersections separately. Five years of crash data are
modeled using negative binomial techniques to relate crashes to traffic volumes and
intersection characteristics. The generalized linear form is as follows:
A = Exp (b0 + å x j b j )
j

Where bj are coefficients of intersection variables xj.
The negative binomial technique is a well-accepted approach that yields reliable data of mean
expected performance. Figure 6 presents a crash comparison with 10 percent of the traffic
flows from the minor roads. The assumption is that two isolated T-intersections are
comparable to a cross intersection. Interferences can be minimized by providing the offset

5

distances given below for the two defined geometries, R-L and L-R. According to the crash
models, the reduction in injury crashes is higher (about 40 percent) than the reduction in total
crashes (between 20 and 35 percent). The derived reduction in injury crashes is constant in
relation to traffic volumes entering the intersections. A reduction in total crashes decreases
and levels off at about 20 percent when the total entering average daily traffic (ADT) flow is
10,000. This higher reduction in injury crashes may be interpreted in light of table 2, which
shows 16 percent fewer injuries than at cross intersections. When the percentage of traffic
flows on the minor roads is increased, the expected reduction in crashes increases slightly.
The assumptions for both models, the cross and T-intersections, are for level vertical
alignments, without horizontal curvature, without right-turn lanes, and where the intersecting
angles are perpendicular.
For TWSC intersections of 2x4-lane highways, the results are somewhat comparable to the
2x2-lane intersections in rural areas that reveal reductions in total and fatal/injury crashes.
The reduction of crashes is diminished beyond 25,000 ADT to 20 percent for injury and 40
percent for total crashes. Unlike the above results, (for 2x2 lanes) total crashes were reduced
more than fatal/injury crashes. With a 5-m- (16-ft-) wide median, turning vehicles are likely
to make two consecutive left or crossing movements. Unfortunately, the impact of turning
movements cannot be estimated from these crash models to help develop design guidelines
for offset intersections. The major assumption of the crash model is that the four-lane State
highway is divided.

Accident Reduction Ratio
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Figure 6. Crash reduction for rural 2x2-lane TWSC intersections with a 10-percent minor
traffic flow.
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Figure 7. Crash reduction for rural 2x4-lane TWSC intersections with a 10-percent minor
traffic flow.

Earlier crash models from Bauer et al. were also applied to compare T- and cross 2x2-lane
TWSC intersections in rural areas. These sets of models also reveal a reduction in crashes,
although smaller, from 10 to 20 percent for total crashes and 15 to 25 percent for injury
crashes. However, the trend in relation to total entering ADT is increasing and then
stabilizing at about 10,000 entering ADT.
Signalized Intersections
For signalized 2x2-lane urban intersections, a crash model for cross intersections is available
from the Bauer et al. report (Bauer et al., 2000). Crash models for corresponding Tintersections are developed in this study from the same California database. Seven years of
crash records and a sample of 45 intersections were modeled using the negative binomial
technique stated above. The data were acquired from the Highway Safety Information System
(HSIS) at FHWA’s Office of Research and Development. The model is fitted for total crashes
in relation to entering ADT on the main road and entering ADT on the crossroad. A new
aggregate model for signalized T-intersections is presented from an SAS analysis shown in
table 5.
Table 5. Negative Binomial Model for Urban Signalized T-Intersection With 2x2 Lanes

Variables (offset =
number of years)
Intercept
Log of ADTmain
Log of ADTcross
Dispersion

Coefficient
K = -4.9666
a = 0.3008
B = 0.2867
0.5060

Scaled Deviance

1.18

Standard Error
2.6773
0.2599
0.0961

P-Value
0.0636
0.2470
0.0029

AT = N (ADTmain)a (ADTcross)b exp (k)
Where AT = expected number of crashes.
N = number of years.
ADTmain = entering ADT on the main road.
ADTcross = entering ADT on the crossroad.
K = intercept.
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For a ratio of 60 percent to 40 percent main to crossroad ADT, figure 8 shows an expected
reduction in crashes beyond 2,500 total entering ADT. The reduction rises and levels off at
about 25 percent (18,000 ADT). Similar to the TWSC intersections above, the assumption is
that interferences between the two T-intersections do not negatively impact safety. The
reliability of this comparison is not specific to geometric features or signal types or settings.
Although the new model fit is not strong and the coefficient of the main-road ADT is not
significant, the estimation is a conservative mean safety performance. In general, the model is
overpredicting in comparison to actual data. The majority of the sampled intersections
include left-turn lanes with signals that are fully actuated.
Accident Reduction Ratio

0.30
0.25
0.20
0.15
0.10
0.05
0.00
-0.05 0

5000

10000

15000

20000

-0.10
-0.15
Total Entering ADT
Total Accidents

Figure 8. Crash reduction for urban 2x2-lane signalized intersections with 60:40 main to
crossroad ADT.

COMPARISON OF TRAFFIC PERFORMANCE
According to Mahalel et al. (1986), on rural 2x2-lane TWSC intersections, the capacity of
minor-road approaches is higher for R-L offset T than for L-R and cross intersections. A
higher capacity is estimated to be approximately 200 veh/h. Nevertheless, left-turn capacity
from the major road is slightly (30 to 100 veh/h) higher for cross intersections. Consequently,
the R-L design causes less delay (5 to 20 s/veh) than cross and L-R designs. For signalized
2x2-lane intersections, an analysis is conducted using CORSIM to compare cross and offset T
for a case study. Similar geometries and dimensions were assumed for typical cross and L-R
offset designs where the left-turn lanes are 61 m (200 ft) long on the major-road approaches.
Right-turn lanes on the major-road approaches are 31 m (100 ft) long. On the minor roads of
the typical cross intersection, left-turn lanes are 31 m (100 ft) long, and no right-turn lanes are
provided. On the minor roads of the offset T, neither right- nor left-turn lanes are provided,
because equal access (to left and right turns) is given on a single phase. Optimum signal
settings were obtained from TRANSYT-7F for both types of designs. TRANSYT-7F
provided optimum cycle length, phase splits, and offset between the two signals of the offset
T. Table 6 provides all scenarios used in the analysis where opposing flows are assumed to be
balanced and all left-turn proportions are constant (15 percent) on all approaches. The ratios
of minor to major road volumes range mostly from 30:70 to 40:60. The CORSIM results of
the experiment are shown in figure 9 for a simulation period of 20 min and uniform traffic
flow arrivals. Total network travel time is used as a uniform measure of effectiveness for the
two typical designs. The offset between the two T-intersections is 61 m (200 ft) long and the
network length is equivalent to the typical cross intersection. Total network travel time is an
adequate measure because through movement vehicles on the minor road will have to travel
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longer distances on an offset T design than a cross intersection. With pre-timed signal
settings, coordinated signals will reduce the number of phases by one for the offset T design.
Thus, longer effective green time creates less delay and travel time for the offset T. At low to
medium entering flows, the two typical designs are somewhat comparable up to about 2,300
veh/h. A more significant savings in travel time of 5 to 20 s/veh is shown beyond 2,300
veh/h. The findings from a typical R-L design indicate that this treatment could be
detrimental to traffic operations when the offset between the two T-intersections is not long.
Moreover, the cost of construction to add long left-turn lanes between the two intersections
could be prohibitive. Table 6 shows a consistently higher percentage of stopped vehicles at
the offset T, which might have safety implications. Conversely, the average stop times and
delay times per vehicle are mostly shorter for the typical offset T design.
Table 6. All Scenarios Used in the CORSIM Analysis
Cross Inte rse ction
Offse t T-Inte rse ction
Stop Time De lay Time
Stop Time De lay Time
Stop (%)
Total Major Rd.M inor Rd. Stop (%)
(se cs/ve h) (secs/ve h)
(secs/ve h) (se cs/ve h)

Total Travel Time (secs/veh

800
1200
1500
1800
2000
2300
2400
2500
2700
2900

400
800
900
1200
1400
1400
1800
1600
1800
2000

400
400
600
600
600
900
600
900
900
900

75
75.5
78.7
78
83.3
84
83.3
88
88.8
92.7

15.6
15
16.2
16.2
18.6
19.8
22.8
27
34.8
46.8

23.4
24
25.8
27
31.2
31.2
37.8
42
55.2
77.4

107.2
96.5
116
109.2
96.5
114
116.4
115.6
109.3
115.7

12
13.2
17.4
14.4
12.6
18.6
18.6
26.4
21
47.4

22.8
23.4
25.2
28.2
22.2
23.4
34.2
32.4
37.2
46.8

130
120
110
100
90
80
70
60
50
800

1300

1800

2300

2800

Total Entering Flow (veh/h)
Cross
Offset T
Figure 9. Network travel time for cross intersections and offset T-intersections.

GUIDELINES FOR NON-SIGNALIZED INTERSECTION OFFSETS
The derived guidelines provide maximum offsets between offset T-intersections that
minimize the interference of the major-road vehicle with the slow-moving or accelerating
vehicle from the minor road. Major assumptions are comparable to those in the Mahalel et al.
report. A minor-road driver will not accept headways smaller than the critical gap. Much
larger headways than the critical gap will not create interferences when taken by a minor-road
driver because he/she will not be reached by the major-road driver. The most critical
movements occur when the minor road driver accepts a critical gap. The major road speed is
assumed constant as the measured operating speed. The zero reference point is considered at
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the beginning of the lane merge on the major road, where the minor road vehicle merges onto
the major road. T is the time needed for the major-road vehicle to reach the accelerating
vehicle from the minor road that starts from a stopped position. The travel distance by the
major-road vehicle is D:
D = VM (T – tc )
Where VM = operating speed on the major-road.
T = time of travel when the major- following the minor-road vehicles meet, assuming
the major-road vehicle does not decelerate.
tc = critical gap of 6.5 s for right-turning passenger cars on two-lane roads.
= critical gap of 7.5 s for left-turning passenger cars on two-lane roads.
= critical gap of 7 s for right-turning passenger cars on four-lane roads.
= critical gap of 8 s for left-turning passenger cars on four-lane roads.
These critical gap values extracted from NCHRP Report 383 (Harwood et al.) have been
adopted for use in the 2001 AASHTO Green Book. The distance in the above equation is
equivalent to the distance traveled by the accelerating vehicle from the minor road, measured
on the major road only. The second term on the left side of the equation below subtracts the
horizontal arc that is the distance of a stopped vehicle to turn onto the major road.
½ aT2 - d = VM (T – tc)
a ≈ 5 ft/s2, which is the derived approximation of an assumed constant acceleration
rate from the AASHTO Green Book, 1994, figure IX-33 for passenger cars.
d = horizontal arc of a minor road vehicle turning right onto a two-lane major road
plus vehicle length (8 +15 ft) = 23 ft.
= horizontal arc of a minor road vehicle turning left onto a two-lane road plus
vehicle length (24 +15 ft) = 39 ft.
= horizontal arc of a minor road vehicle turning right onto the farthest lane of a
four-lane road plus vehicle length (24 +15 ft) = 39 ft.
= horizontal arc of a minor road vehicle turning left onto an undivided four-lane
road plus vehicle length (42 +15 ft) = 57 ft.
= horizontal arc of a minor road vehicle turning left from the median onto the
farthest lane of a divided four-lane road plus vehicle length (24 +15 ft) = 39 ft.
Tables 7 and 8 provide derived distances D or offsets (from the above equation after solving
for T) for various major-road operating speeds below which few or no interferences are
possible. For lower speeds and those missing from the table, no interference is possible
because the minor-road vehicle is capable of reaching major-road speeds without causing the
major-road vehicle to decelerate. Several guideline interpretations apply to tables 7 and 8. For
R-L offset T designs, a left-turn storage lane will help in removing the minor-road turning
vehicle from the mainstream. The recommendations below apply to R-L designs only:
ü When left-turn lanes for deceleration and storage are provided back-to-back, the
indicated offset in figure 10 should be less than or equal to the given maximum offset
in tables 7 and 8.
ü If a left-turn pocket is not provided (e.g., under very low-volume conditions), the
offset is between the two intersections.
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ü When left-turn lanes need to be longer than the given distances, parallel left-turn lanes
could be used, where the offset from one intersection to the start of the left-turn lane
should not exceed the distances in tables 7 and 8.
Similar to R-L, L-R designs with right-turn pockets will remove the minor-road turning
vehicles from the mainstream.
ü When right-turn lanes are provided, the distance from one intersection to the start of
this lane should be less than or equal to the distances in tables 7 and 8.
ü If a right-turn pocket is not provided, the offset between the two intersections should
not exceed the corresponding distances in tables 7 and 8.
Offsets for L-R designs in table 8 apply to undivided four-lane major roads. When a median
is present, drivers making left-turns are more likely to take refuge in the median and merge
with major road traffic on the farthest lane. Table 9 provides offsets for L-R designs.
However, offsets for R-L designs are the same as in Table 8.
Table 7. Maximum Distances to Minimize Interferences for Two-Lane Roads
Ma jor Roa d Spe e d
m ph
kph

Ma x im um Offse t
R-L
ft

45
50
55
60
65
70

L-R
m

215
174
154
141
133
126

72
80
88
96
104
112

ft
66
53
47
43
40
39

m
286
227
199
183
171

87
69
61
56
52

Table 8. Maximum Distances to Minimize Interferences for Undivided Four-Lane Roads
Major Road Speed
mph
kph

Maximum Offset
R-L
ft

L-R
m

ft

45

72

261

80

50
55
60
65
70

80
88
96
104
112

193
166
151
141
133

59
51
46
43
41

m
414
253
217
196
182

126
77
66
60
55

Table 9. Maximum Distances to Minimize Interferences for Divided Four-Lane Roads
Major Road Speed
mph
kph

Maximum Offset
R-L
ft

45
50
55
60
65
70

72
80
88
96
104
112

L-R
m

261
193
166
151
141
133

ft
80
59
51
46
43
41

m

316
263
235
216

96
80
72
66
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Figure 10. Offset T-intersections with R-L design and left-turn pockets.

CONCLUSIONS AND RECOMMENDATIONS
• If angle collisions are abnormally high, one of the most economical remedies is to
provide separator islands on the minor approaches shown in figure 2. A deflection of
the entry path will force minor-road drivers to slow down and become more
responsive to their environment. This treatment is most effective in rural areas for
2x2- and 2x4-lane intersections.
•

For 2x2-lane TWSC rural intersections, the application of offset T-intersections is a
treatment option to improve safety at high hazard locations. Derived benefits apply to
both perpendicular and skewed crossings.

•

On an aggregate level, the expected benefit of converting a cross intersection to an
offset T-intersection is a reduction in total crashes of 20 to 30 percent for rural 2x2lane TWSC intersections. A reduction in fatal/injury crashes is expected to be
approximately 40 percent.

•

According to the trend shown in figure 6, at flows greater than 10,000 entering ADT
with a 10-percent traffic flow on the minor road, a conversion to offset T-intersections
may not be cost-effective. At higher flows, warrants 1 or 2 for signal installation are
likely to be met.

•

For 2x4-lane TWSC intersections in rural areas, converting a cross intersection to an
offset T-intersection is a viable option that is expected to reduce crashes considerably
at low to medium flows up to about 25,000 ADT. Similarly, the warrant for installing
signals is likely to be met at the upper limits. Nevertheless, a single-volume warrant
may not always be a satisfactory reason for signalization. The expected reduction in
total crashes ranges from about 60 to 40 percent for divided four-lane highways with
design speeds greater than 80 km/h (50 mi/h).

•

In urban environments, a high hazard or congested 2x2-lane signalized intersection
could benefit from a conversion to two offset T-intersections in safety and traffic
operations when the design is L-R only. The derived advantages are an expected 20percent reduction in total crashes at higher ADTs and 5 to 20 s/veh less travel time. In
12

tight urban environments, this conversion is possible in a grid network by closing
some access and/or rerouting traffic.
A future research topic is to determine guidelines on the offsets between two signalized Tintersections with 2x2-lane and 2x4-lane intersections.

13

REFERENCES
American Association of State Highway and Transportation Officials (AASHTO). A Policy
on Geometric Design of Highways and Streets [Green Book]. Washington, D.C., 1994.
Aubin, H.; Gambard, J.; Lebreton, P.; and Ninine, M. Analyse de la Sécurite en Carrefour
Plan [Safety Analysis for At-Grade Intersections]. Service d’Etudes Techniques Des Routes
et Autoroutes (SETRA), Paris, France, September 1984.
Bauer, K.M., and Harwood, D.W. Statistical Models of At-Grade Intersection Accidents 
Addendum, Report No. FHWA-RD-99-094. Federal Highway Administration, Washington,
D.C., 2000.
Hanna, J.; Flynn, T.; and Tyler, W. Characteristics of Intersection Accidents in Rural
Municipalities, Transportation Research Record 601. Transportation Research Board,
Washington, D.C., 1976.
Harwood, W.D. Intersection Sight Distance, National Cooperative Highway Research
Program Report 383. Transportation Research Board, Washington, D.C., 1996.
Harwood, W.D.; Council, F.M.; Hauer, E.; Hughes, W.E.; and Vogt, A. Prediction of the
Expected Safety Performance of Rural Two-Lane Highways, Report No. FHWA-RD-99-207.
Federal Highway Administration, Washington, D.C., 2000.
Kulmala, R. Safety at Three- and Four-Arm Junctions: Development and Application of
Accident Prediction Modes, VTT Publication 233. Technical Research Center of Finland,
Espoo, 1995.
Mahalel, D.; Craus, J.; and Polus, A. “Evaluation of Staggered and Cross Intersections,”
Journal of Transportation Engineering, Vol. 112, No. 5, September 1986.
Merton, J.; Pinnell, C.; and Kemper, W.J. Synthesis of Safety Research Related to Traffic
Control and Roadway Elements, Vol. 1, Report No. FHWA-TS-82-232. Federal Highway
Administration, Washington, D.C., 1982.
Neuman, T. Intersection Channelization Design Guide, National Cooperative Highway
Research Program Report 279. Transportation Research Board, Washington, D.C., November
1985.
Service d’Etudes Techniques Des Routes et Autoroutes (SETRA). Aménagement des
Carrefours Interurbans Sur les Routes Principales, Carrefours Plans Guide Technique
[Technical Guide for the Design of Interurban At-Grade Intersections on Primary Roads].
France, December 1998.
U.S. Department of Transportation, National Highway Traffic Safety Administration. Traffic
Safety Facts 1998. Washington, D.C., 1999.
Vogt, A. Crash Models for Rural Intersections: Four-Lane by Two-Lane Stop-Controlled and
Two-Lane by Two-Lane Signalized, Report No. FHWA-RD-99-128. Federal Highway
Administration, Washington, D.C., 1999.

14

Vogt, A., and Bared, J.G. Accident Models for Two-Lane Rural Roads: Segments and
Intersections, Report No. FHWA-RD-98-133. Federal Highway Administration, Washington,
D.C., 1998.
Yuan, F., and Ivan, J. “Safety Benefits of Intersection Approach Realignment on Rural TwoLane Highways,” Proceedings of the 80th Annual Meeting of the Transportation Research
Board. January 2000.

15

THE POLICY OF STATE REGULATION IN THE SUB SYSTEM ‘STATE CONTROL OF THE VEHICLE
CONDITION’

Rusakov V.Z., SRSUES, Russia
It’s obvious that the problems of the safety of this complex in Russia are especially actual in all the three components.
But our research is limited only by active safety.
Let me combine my three reports that were announced into one and give you their theses as they have been published.
1
Both the construction and operation of national vehicles are characterised by much lower safety level. Their construction
misses a number of modern systems like ABS, anti-skid system, running dynamics control system and impact preventing
automated system and methods of controlling the safety of vehicles in operation are ineffective under the modern conditions of
transient economics.
In this connection, we first of all analyzed, processed and compared with Russian normative documents (State Standard
Specifications, Standard Specifications of Branches of Industry and directions) about fifty regulations of the European
Economic Commission of the United Nations devoted to active safety.
The results of this work are now being published in three parts “Running characteristics, stability and informativity of
vehicles and road safety”.
2
Then we singled out the direction dealing with ensuring safe operation which was examined in the aspect concerning the
ensuring of vehicle safe operation we’ll consider it, bearing in mind the main negative tendencies – the decrease of professional
skills in automobile industry, insufficient information about road safety and the decrease of the motor car technical service
potential.
We consider that the special problem is the above mentioned control in the "niche" of category M1 vehicles and partially
(full weight up to 3,5 tons) М2 and N2, the fleet of which provides up to 80 per cent of city transportation and is the reason of up
to 85 per cent of the road accidents in the cities. The problem is even more serious because of an extremely small fleet of vehicles
belonging to licensed personnel dealing with transportation of goods as, according to Russian Transport Inspection (RTI) , 88
per cent of them have from 1 up to 5 and only 1,4 per cent have more than 50 vehicles.
The main trend of this policy in Russia is control of the vehicle technical condition on three hierarchical levels: 1 regular production control (self-testing (control) at controling and technical departments of enterprises); 2 - branch inspection
control (RTI - through licensing and signing the agreement with production and technical base of the service of motor cars); 3 state inspection control (State Road Safety Inspection – through state technical examination and other forms). For the mentioned
"niche" of vehicles – the 1-st level misses, the 2-nd is ineffective, and 3-rd is insufficient, universal compulsory requirements not
being met at all levels. The USA, for example, practise selective instrumental control that keeps traffic participants in “tension”.
The second trend is the improvement at federal level of the system of car service certification including its technical
equipment and periodical inspection control of production and technical base of car-service enterprises. The best example is
Japan where it is common practice to change units and parts effecting road safety the determined life-time of which is over (as in
aviation).
The third trend, as in Germany, maybe the development at federal level of the system of obligatory insurance of both
vehicles themselves and the process of their running that economically stimulates renovation of the car fleet.
Thus, the essence of this policy is optimum combination of the mentioned trends and search of new solutions with regard
for foreign experience.
3
It is obvious that a change in vehicle technical condition during its service defined by the efficiency of its units and
systems results in the reduction of the main parameters of active safety.
In this connection it is important to carry out a theoretical and experimental research of the degree of this influence and
permissible bounds of the change beyond which road safety is considerably reduced and possibility of road accidents increases.
Taking into account modern vehicle constructions, first of all the system controlling the dynamics of running on the basis
of anti-lock braking system and automatic system of impact preventing, we deal with the less known, compared with dynamic
quality, aggregate parameters of active safety − stability, controllability, turnability and running smoothness.
These aggregate parameters allow to investigate permissible (according to road safety regulations) limits of change of a
technical condition of steering, front steering axle, suspension and tyres.
Theoretical research includes the development of four mathematical models steering and front steering axle; suspension
and tyres; a vehicle on the dynamic all-wheel supported stand with rotating drums which records the geometry of chassis in the
position of minimum resistance to movement and also the running of biaxial vehicle in three modes.
The models allow to carry out investigations in the following modes of movement: conditionally rectilinear, curvilinear,
entering the turn, coming out of the turn, obstacle detour and in these combinations.
In conclusion a number of basic indications of reducing road safety are estimated: “wander”, skid, side slip, dumping,
changing of course and drift angles and others including tiredness of the driver through their main parameters.
The last two trends are the object of my research work for Doctor’s degree and have not been published yet.

Differences in Traffic Signs’ Recognition between Drivers of
Different Nations
By
Hashim Al-Madani and Abdul – Rahman Al-Janahi
Dept. of Civil & Arch. Eng., University of Bahrain, Bahrain

Abstract
Drivers encounter tens of signs in their daily trips. While many signs are well
recognized by the drivers, many others are not.
identification of 28 warning and regulatory signs.

This study examines drivers’
The identification rate was

standardized as per sign exposure rate. Differences between nationalities are then
tested.

Questionnaires included these signs were distributed to 9000 drivers in

Bahrain, Kuwait, Oman, Qatar, and United Arab Emirates. Over 4850 responded
back (54%). The questionnaire illustrated the tested signs in color along with four
selection choices. In order to have just comparisons between the drivers of the
various nationalities, their educational background is controlled. Three best-identified
signs by the drivers included those indicating slippery road, closed to motor vehicles
and road narrows from both sides. The three least identified are those indicating no
waiting, turn left ahead and turn left. The findings also showed the existence of
functional problems in many regulatory signs. In fact, only one third of the signs are
equally understood by Arab, Asian and Westerner drivers. The drivers poorly
identified most of the signs included in this group. Furthermore, both Arab and Asian
drivers identified another one third of the signs significantly less than Westerners.
The signs in this group are generally well identified by the drivers. Regulatory signs
indicating symbolic pictures caused greater comprehension difficulties to the drivers

in this group. Finally, two third of the signs are poorly identified by Arab drivers
compared with westerners. Warning signs are over-presented in this group.

Key words: warning signs, regulatory signs, understanding, identifying, sign
exposure rate, Arabs, Asians, Americans and Europeans.

INTRODUCTION
Posted road traffic signs are the most commonly used traffic control devices. Their
main function is to provide the road users, specially the drivers, with the important
navigational messages. They serve other needs, as well, as will follow. However,
questions such as: does better understanding of such signs mean less accident
involvement; is there any relationship between drivers’ understanding of posted signs
and their speed limit citations; does understanding of such signs increase with driving
experience and how is the drivers seat belt usage related to their knowledge of posted
signs, are investigated in this study.

Many accidents occur because the driver is suddenly confronted by the unexpected.
The driver should, therefore, be warned by means of traffic signs, as much as
possible, for any abnormal driving situations ahead (Pignataro, 1973). These signs
convey messages in terms of words or symbols. Signs are, therefore, essential where
special regulations apply at specific places or at specific times, where hazards are not
self-evident. According to US Department of Transportation (1989), improvement in
traffic signs at intersections lead to 34 % reduction in fatal accidents and 93 % in
injury related accidents in United States. In fact the effectiveness, as per Benefit /
Cost ratio, appears to be the highest compared with traffic channalization facilities,

sight distance, markings, illumination and traffic signal improvement.

The

improvements in the posted signs include the location and the illumination.

Although traffic signs are very uniform all over the world, many countries have issued
their own sign manuals. Traffic signs, however, are most effective when they satisfy
the following fundamentals: fulfill a need, command attention, convey a clear and
simple meaning, command respect of the road users and give adequate time for proper
response (Institute of Transportation Engineers, 1992).

The subject of this

investigation is related to the third fundamental parameter, namely conveying a clear
meaning to the users.

One of the earliest studies on posted signs was that of Riegelneier (1942) on
rehabilitation of signs. A wide range of techniques, in fact, evaluated roadways posted
signs. In the forties and early fifties many of the researches in this field were technical
related studies, such as those related to impact assessment, cost estimation, accident
evaluation and illumination effectiveness. In the early sixties researchers started to
give more weight to human related studies, particularly the motorists behavior.
Hakkinen (1965), for example, directly assessed the influence of road signs on
drivers’ behavior by measuring their sign recall with such measures as speed
reduction. Other investigators measured the visibility of the signs and drivers’
recognition at different approaching speeds, taking into consideration different social
and psychological backgrounds of the drivers (Johansson et al., 1966 and 1970).
Others (Summala and Naatanen, 1974; Drory et. al, 1982, and Ells and Dewar 1979)
tested the effect of illumination and brightness of the signs on both users response and
drivers’ reaction time. However, studies of drivers’ characteristics, particularly the

safety related ones, with respect to their understanding of the informational values of
the signs and how well do such signs guide drivers are not, yet, extensively covered.

Jabbar and Naqvi (1992) found that drivers commit significant errors in detecting
symbolic signs compared to alphanumeric ones. Therefore, to incorporate users’
comprehension, modifications to certain signs might be necessary. Alphanumeric
signs are better when compared to symbolic ones, so are warning signs compared to
regulatory signs (Dewar et al., 1976) since the drivers regard them to be more serious.
However, this was not true when “head room hazard” sign was considered. Goler
(1980) found that 21 % of the long truck drivers did not understand such signs.
Laboratory tests showed that drivers perceive the word “danger” to indicate the
highest level of alert compared to “caution” and “warning”. When such words were
posted with different backgrounds, the greatest impact was found for “danger” with a
red background (Chapanis, 1994).

Fisher (1992) measured the informational value of road traffic sings by questioning
drivers at roadblocks. He found drivers’ memory for road signs to be typically poor.
Further, he strongly recommended not assessing the effectiveness of road signs in
terms of driver’s recall. In fact, they should be assessed in terms of their ability to
sensitize the driver to hazards, regardless of those who ignore such signs. However,
Book and Bergstrom (1993) tested the correlation between amount of reduction in
frequency of sign occurrence and the complete elimination of sign. He found a strong
correlation between the two, but for the higher experience group of drivers only.

Otani et al. (1992) found that drivers over 60 years old indicate higher risk in ignoring
the warning signs. This may be indicative of some sort of overconfidence in them.
Richard and Heathington (1988) made a survey of motorists’ comprehension of
railroad grade crossing traffic control devices (signs and signals).

Their results

indicated that very young drivers (under 19 years) and elderly drivers (over 54 years)
face difficulties in understanding and recognizing such devices.

Significant

differences between novice and experienced drivers were also observed. Drivers who
disregard, even plausible, speed limits face more serious accidents and more traffic
violations than those who observe the limits. Typical observers of speed limits are
females aged between 40 and 60 years. Typical non-observers are males, between 25
and 40 years (Schmidt, 1982).

Factors associated with compliance and

noncompliance with traffic regulations, as safe driving practice and observation of
regulatory signs, was investigated by Hofner (1982). Their results contradicted at
least age wise, with Otani. al (1982). Hofner found compliers to be conscious (safety
wise), either under 30 years or over 60 years old, drove medium power cars, had less
driving experience and fewer traffic fines than non-compliers.

Typical non-

compliers who tended to take risks, were between 45 and 55 years, were executives or
self employed and drove high power cars. Both groups, however, provided similar
ratings for different traffic violations.

AIMS
This study examines drivers’ understanding of 28 different regulatory and warning
signs. The understanding score is standardized considering the exposure rate of each
sign. Each sign is analyzed individually.

Furthermore, the study examines the

following hypothesis: Arab and Asian drivers poorly identify many signs when

compared with Europeans and Americans. In fact, problems in understanding traffic
signs particularly by non Anglo drivers, i.e. those who do not speak English as their
primary language as Hispanic, and African American drivers were observed by
Hawkins, et. al (1993).
Furthermore, many studies reported that road sign system does not fulfil its intended
and assumed function in a satisfactory way, e.g. Johansson & Rumar (1966), Fisher
(1992), and Al-Madani (2001). Summala & Hietamaki (1984) referred the defective
function of traffic sign system to mainly motivational factors.

METHODOLOGY
The method adopted here involved questionnaires to be filled by the drivers who were
selected randomly based on stratified random sampling technique (Stopher et. al
1979; Steven, 1992; and Ortuzar et. al, 1996).
occupation.

The stratification was based on

The proportion of the various occupations, country wise, was first

obtained. Accordingly, the questionnaires were distributed to the various related
institutions. The various occupations were classified into twelve groups.

The questionnaire involved short-answers and multiple-choice questions. The shortanswer questions were designed to identify the drivers’ traffic and safety related
characteristics satisfying the above goals and the multiple-choice questions evaluated
drivers’ comprehension of posted traffic signs. The questionnaire included 28
multiple-choice questions on different posted signs, printed in colors, both in Arabic
and English; 18 on regulatory signs, e.g. speed, weight and height limits; parking,
turning and overtaking prohibitions; and directional movements, and 10 on warning
signs, e.g. staggered junction, road narrowing and splitting, turnings and diversions.

Language and educational experts approved the suitability of the questionnaire, before
being distributed. Drivers’ average identification of each sign is first determined in
descending order. The average of each sign is then divided by its exposure rate. The
exposure rate of the sign is determined by their postage frequency per 1000 km.
Since such data were not available in the related departments; 964 kilometers of
different categories of roads were carefully selected and examined, in Bahrain and
Kuwait, for the exposure rate measurement of each considered sign. Multiple usage
of any sign, in any one particular site, was considered as single usage. In order to
compare Arab and Asian drivers with Westerners on equal basis, only those holding
B.Sc. degrees or over, was considered here since non Arab drivers in the region are
well educated. It is also important to mention that

drivers from the considered

nationalities are randomly selected within the Gulf Cooperation Council Countries,
not from their own countries. This was because of time and financial constraints. This
may limit the application of the results.
Analysis of variance, using Scheffe’s technique, was then performed in order to test
the hypotheses. The procedure evaluated the significance of the difference at 0.05
level, between the score of the drivers in the various groups.

DATA COLLECTION
The questionnaire was distributed to 9000 drivers in Bahrain, Kuwait, Oman, Qatar,
and United Arab Emirates. Over 4850 responded back (Al-Madani et. al, 1995 and
1996). A response rate of 54 % was achieved. This represented over 0.05 percent of
the total number of vehicles registered in each state. This is equivalent to over one
million questionnaires that would be required for the United States (Economic
Commission for Europe, 1994) as per this response rate. Both the response and the

response rate are thought to be sufficient, as many studies (e.g. Dean, 1981 and
Steven, 1992) consider samples as high as 500 to be representative for any large
populations if properly distributed according to a known statistical technique.
Moreover, Hofner (1982), for example, ended up with 39 % response rate when he
investigated drivers’ compliance and noncompliance with regulatory signs. However,
Schmidt (1982) successfully ended up with 67 %.

All the necessary data are from drivers self response to the questionnaires. The
reduced data were analyzed using statistical software called Statistical Package for
Social Sciences (SPSS, 1996).

RESULTS AND DISCUSSIONS

The top seven signs best identified by the drivers, regardless of sign exposure rates,
found to be those indicating following (Table 1): no right turn (92%), dual carriage
with three lanes- the right hand lane is closed (86.0%), no U turn (85.9%), slippery
road (84.2%), road narrows on left ahead (80.2%), turn left ahead (77.9%) and turn
left no waiting (77.3). Similarly, signs least understood by the drivers are as follows:
end of prohibition of overtaking (35.2%), mini roundabout (35.0%), end of
prohibition of goods’ vehicles (32.6%), no pedestrian are allowed to pass (30.3%),
diversion to opposite (29.1%), staggered junctions (21.4%), and vehicles may pass on
either way (16.3%).

It is worth noting here, that the tested signs included two

regulatory signs indicating “end of prohibition” order. Both proved to be among the
least understood order signs by the drivers. Nevertheless, when drivers’ identification

of signs are standardized as per sign exposure rate, in 1000 kilometer of road links,
the above order completely changes (Table 2). In this case the signs best understood
by the drivers are those indicating the following (in order): slippery road, closed to
motor vehicles, road narrows on both sides, dual carriage way ends, hump bridge
ahead, diversion to opposite, and maximum axle weight limit. The least seven are
those indicating the following: no waiting, turn left ahead, turn left, keep right, other
danger plate indicates nature of danger, traffic merges from left, and maximum speed
limit. From the above, one my clearly observe existence of understanding problems
with some of the regulatory signs. Although 18 signs out of the 28 tested ones were
regulatory signs, only two out of the seven best identified signs were regulatory signs.
Moreover, out of seven least identified signs five were regulatory signs.

This

indicates that the drivers comprehend warning signs better than regulatory ones.
Furthermore, signs regulating traffic path, i.e. those indicating white arrows on a blue
backgrounds, are not functioning as intended or assumed since three out of the four
tested signs were among the least understood by the drivers.

Signs by nationalities
Analysis of variance is performed to test the significance of the difference between
the following nationality groups of drivers: Arab, Asian, European and American
(Westerners) and others (Africans and Australians). The result of the analysis can be
grouped into three categories. The first includes signs equally understood by Arab,
Asian and Westerner drivers. The second includes signs poorly understood by Arab
and Asian drivers compared with Westerners.

The third includes signs poorly

understood by Arab drivers, compared with Westerners.

Signs equally understood by Arab, Asian & Westerner drivers:
The above three nationality groups (Table 2) identify only one third of the tested
signs equally. Out of nine signs resulted here only two were warning signs. The
remaining seven were regulatory ones. In fact, four of these signs were among the
least eight understood, as mentioned earlier.

These include regulatory signs

indicating turn left, speed limit, no waiting, and no entry for vehicular traffic. The
remaining three regulatory signs were among the thirteen signs least understood by
the drivers. The two warning signs appeared here, (Table 2) those indicating dual
carriage way with three lanes-the right hand lane is closed and road narrows on left
ahead, were slightly better identified by the drivers than the regulatory ones.
Nevertheless, they still were among the least sixteen understood signs. It is also
worth mentioning that only one sign carrying a pictorial symbol, i.e. symbol picture of
a vehicle, bridge, pedestrian, or so, appeared among the nine signs equally understood
by the drivers of the above nationality groups, though seven such signs were tested
here.

This indicates under-presentation of such signs within this group.

The

regulatory signs equally understood by the drivers were mostly indicating prohibition
action, as entry, turning, parking, waiting or passage.
The above discussion clearly confirms the existence of functional the problems in
drivers’ understanding of regulatory signs, compared with warning signs, considering
Arabs, Asians, and Europeans and Americans. Furthermore, the drivers generally
poorly comprehend signs equally understood by the drivers in these nationality
groups.

Signs poorly understood by Arab and Asian drivers compared with
Europeans and Americans:
As shown in Table 3, eight signs out of the 28 analyzed signs appeared to be poorly
understood by both Arab and Asian drivers when compared with Westerners. Over
half of these signs were among the best ten understood signs by the drivers.
This indicates that although many signs are well comprehended by the western
drivers, Arab and Asian drivers significantly less comprehend them. In fact, the
western drivers identified almost one third of the tested signs significantly better than
the other two groups mentioned earlier. Moreover, since three out of eight signs
(38%) appeared here are warning signs, the other five are regulatory ones, both
warning and regulatory signs are well presented here when compared with the
warning signs considered among the total tested signs. The percent of the warning
signs was 36%. In contrary to this, symbolic pictorial signs are over presented here,
since 38% of the signs shown here are symbolic pictorial ones compared with 25% in
the total number of signs considered here. The four symbolic pictorial signs, which
showed the westerner drivers to be significantly better than Arab and Asians, are these
indicating.

Signs poorly understood by Arab drivers compared with European
and Americans:
Beside the eight signs mentioned in the previous section, there are still further eleven
signs, which are significantly less well identified by Arab drivers compared with
Westerners. In total these sum up to be two third of the total tested signs, which
indicate the inadequacy of such signs to the Arabian drivers. Furthermore, they
included all the eleven signs best understood by all the drivers. While warning signs
included in the tested sample were only 36%, they were 42% in the group of signs

that were significantly less well understood by Arab drivers compared with
westerners. This indicates over presentation of such signs in this group. In other
words, warning signs are more difficult to be comprehended by Arab drivers
compared with westerners.

Over half of these signs were among the best ten

understood signs by the drivers.
The above findings indicate that although many signs are well comprehended by the
western drivers’ they are significantly less well comprehended by Arab and Asian
drivers. In fact, almost one third of the tested signs were identified by the western
drivers significantly better than both Arab and Asian drivers. Since here

General Discussion:
America and ECU countries have established means of learning traffic signs long
back compared with many other countries. As a result, their drivers have better
comprehension skills towards posted signs when compared with others. The findings
discussed earlier confirmed such a statement.

To reduce such differences in

comprehension of signs and to improve the signing skills of the drivers form different
nations; the manufacturers, designers, and researchers in the field of traffic signs, who
are mostly form Europe and America, should restudy the design of many of the
existing signs. This particularly true for those signs which are significantly less
understood by other nationalities. An improved signing system which suites the need
of the drivers in less developed countries is necessary. In other words the improved
signing system should convey regulatory and warning information in a way correctly
comprehended by the drivers in developing and under developed countries. On the
other hand, authorities in the latter countries should improve their traffic education
system in order to raise the drivers’ comprehension skills of traffic signs.

CONCLUSIONS AND RECOMMENDATIONS
1.

Top three best-identified signs by the drivers are those indicating “slippery
road”, “closed to motor vehicles”, and “road narrows from both sides”. The
least three are those indicating “no waiting”, “turn left ahead”, and “turn left”.

2.

The drivers identify the warning signs better than regulatory ones.

3.

Functional problems clearly exist in regulatory signs indicating direction of
traffic, i.e. those with white arrows on blue backgrounds.

4.

Only one third of the signs are equally understood by Arab, Asian and European
and American drivers.

In general, signs equally understood by these

nationalities carried the following characteristics:
i.

They are poorly identified by the drivers.

ii. Warning signs are underrepresented.
iii. Regulatory signs within this group, which are over presented, are mostly
those indicating prohibition action as entry, turning, parking, waiting, or
pedestrian passage.
5.

Arab and Asian drivers poorly understand one third of the existing signing
system when compared with Europeans and Americans. These signs have the
following characteristics:
i.

They are generally well comprehended by the drivers.

ii. Regulatory and warning signs are equally presented.
iii. Regulatory

signs

indicating

symbolic

pictures

causes

greater

comprehension difficulties to the Arab and Asian drivers, compared with
the westerners, when compared with other regulatory signs.
6.

Two third of the signs are poorly comprehended by Arab drivers compared with
Europeans and American.

7.

Warning signs are more difficult to be comprehended by Arab than regulatory
ones when compared with Europeans and Americans.
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Table 1 Exposure rate of signs, drivers’ identification of signs and drivers’
identification per exposure rates
Sign no. Title of the sign
as
appeared
in the
question
naire
1

Axle weight limit

1.5

38.3

Drivers’
correct
Identificati
on of
sign
(%)/1000k
m
25.5

2

Mini roundabout

46

35.0

0.8

3

No pedestrians are
allowed to pass
Turn left

9

30.3

3.4

141

73.6

0.5

92

74.1

0.8

688

77.3

0.1

7

Maximum height
limit
Maximum speed
limit
No stopping

54

36.6

0.7

8

No right turn

51

92.2

1.8

9

No waiting

11

41.0

3.7

10

End of prohibition
of overtaking
No U turn

2

47.5

17.6

11

85.9

7.8

Priority to on
coming traffic
Closed to motor
cars
End of prohibition
of goods vehicles
No entry for
vehicular traffic
Turn left ahead

2

47.6

23.8

1.0

62.5

62.5

5

32.6

6.5

105

72.0

0.7

141

77.9

0.6

10

16.3

1.6

18

Vehicles may pass
either side
Keep right

141

62.1

0.4

19

Staggered junction

1.5

21.4

14.2

20

Traffic merges from
left
Road narrows from
both sides
Dual carriage with 3
lanes- right hand
lane is closed
Slippery road

120

38.7

0.3

1.5

76.5

51.0

13

86.0

6.6

1.0

84.2

84.2

4
5
6

11
12
13
14
15
16
17

21
22
23

Sign
exposure
rate/1000
km

Drivers’
correct
Identifica
tion of
sign (%)

25
26
27
28
29

Dual carriage way
ends
Diversion to
opposite
Road narrows on
left ahead
Hump bridge ahead

1.5

67.4

44.9

1.0

29.1

29.1

20

80.2

4.0

1.0

38.7

38.7

Other danger plate
indicates nature of
danger

1.0

41.5

0.4

Table 2 Signs equally understood by Arab, Asian, and Westerner drivers
(at 0.05 level)
Sign no. Title of the sign
as
appeared
in the
question
naire
No pedestrians are
3

Percentage of drivers’ correct identification
of signs per 1000 km
Arabs
Asians
Europeans Others
&
(n=1543) (n=303) American
(n=33)
(n=150)
3.27
3.47
4.37
4.41

1.6

0.54

0.44

0.52

0.52

4.3

0.11

0.12

0.11

0.10

1.9

7

Maximum speed
limit
No stopping

0.69

0.60

0.68

0.59

2.5

8

No right turn

1.80

1.84

1.84

1.77

3.4

9

No waiting

3.64

4.07

4.13

4.33

0.3

15

No entry for
vehicular traffic
Dual carriage with 3
lanes- right hand
lane is closed
Road narrows on
left ahead

0.66

0.82

0.77

0.74

11.8

6.53

6.95

7.04

6.47

3.8

3.91

4.39

4.52

4.29

0.1

4
6

22
27

allowed to pass
Turn left

Ftest

Table 3 Signs poorly understood by Arab and Asian drivers, at 0.05 level,
compared with Westerners
Sign no.
as
appeare
d in the
question
naire
10

Percentage of drivers’ correct identification
of signs per 1000 km
Arabs
Asians
Europeans Others
&American
(n=1543) (n=303) s
(n=33)
(n=150)
16.57
19.60
27.91
19.05

Ftest

Priority to on
coming traffic
Closed to motor cars

21.81

29.13

38.55

31.75

16.6

60.90

66.30

74.30

71.43

4.9

5.94

7.75

11.57

8.57

11.5

18

End of prohibition
of goods vehicles
Keep right

0.42

0.50

0.61

0.55

17.1

19

Staggered junction

11.31

18.65

42.84

33.86

88.2

26

Diversion to
opposite
Other danger plate
indicates nature of
danger

26.88

24.20

67.47

57.14

33.8

0.38

0.40

0.59

0.44

8.2

12
13
14

29

Title of the sign

End of prohibition
of overtaking

8.7

Table 4 Signs poorly understood by Arab drivers, at 0.05 level, compared with
Westerners

Sign no. Title of the sign
as
appeared
in the
question
naire
Axle weight limit
1

Percentage of drivers’ correct identification
of signs per 1000 km
Arabs
Asians
Europeans Others
&
(n=1543) (n=303) Americans (n=33)
(n=150)
22.4
35.98
43.91
37.04

Ftest

24.1

2

Mini roundabout

0.68

1.01

1.20

1.28

29.6

5

0.77

0.92

1.00

0.90

7.6

11

Maximum height
limit
No U turn

7.61

8.61

8.65

8.08

7.4

16

Turn left ahead

0.53

0.64

0.63

0.59

14.9

17

Vehicles may pass
either side
Traffic merges from
left
Road narrows from
both sides
Slippery road

1.13

3.21

4.86

3.17

70.6

0.30

0.38

0.51

0.48

24.8

48.6

61.05

61.85

53.97

27.2

82.4

91.88

93.57

79.37

8.1

Dual carriage way
ends
Hump bridge ahead

42.4

54.03

57.56

55.03

22.6

31.30

67.68

73.90

60.32

78.8

20
21
23
25
28

Session 6. VULNERABLE AND OLD ROAD USERS
Age-related functional impairments and the impact on the ability to cross roads safely
Jennie Oxley, Monash University, Australia
Development of a national licence assessment program for older drivers in Australasia
Jim Langford, Monash University, Australia
Bus and coach passenger casualties in non-collision incidents
Allan Kirk, The Research Institute for Consumer Ergonomics, UK
Investigation of accident involving vulnerable road users in Greek urban areas
Socrates Basbas, Aristotle University of Thessalonki, Greece
Modeling pedestrians´ crossing behaviour: Some empirical evidence
Mohammad M. Hamed, Jordan

AGE-RELATED FUNCTIONAL IMPAIRMENTS AND THE IMPACT ON
THE ABILITY TO CROSS ROADS SAFELY.
Jennifer Oxley*, Elfriede Ihsen+, Brian Fildes*, and Judith Charlton*
+

* Accident Research Centre, Monash University, Victoria Australia.
Department of Psychology, Swinburne University of Technology, Victoria, Australia

Abstract
Safe pedestrian travel is an important factor in maintaining mobility for older road users.
However, the task of making gap judgements in order to cross roads safely may place high
demands on older pedestrians and it is possible that they are at increased risk as a result of
age-related sensory, cognitive and physical limitations. This paper describes an experiment
conducted to investigate the effect of age and age-related changes in functional performance
on crossing decisions in a simulated road environment. The findings suggest that age and
age-related declines in physical, perceptual and cognitive function are associated with an
increased likelihood of making an incorrect (unsafe) crossing decisions. These findings have
practical implications for behavioural and engineering road safety countermeasures for
reducing older pedestrian crashes.

INTRODUCTION
Pedestrian travel is a major travel mode, even in highly motorised countries, and all road users are
pedestrians for at least some of the time they are using the road system. While its importance has been
under-estimated in the past, walking is vital to the mobility of older road users, not only to carry out
essential daily tasks, but it is also an important factor in maintaining social contacts and exercise. It
follows, then, that safe pedestrian travel is an important factor in maintaining mobility for older road
users. Pedestrians, however, are a vulnerable road user group and older pedestrians, in particular, are at
great risk of injury or death when involved in a crash.
Crash statistics world-wide show that the elderly are involved in significantly more serious injury and
fatal pedestrian crashes than younger adults per head of population and number of roads crossed (Carthy,
Packham, Salter & Silcock, 1995; Fontaine & Gourlet, 1997; Australian Transport Safety Bureau, 2000).
Many factors are likely to contribute to the greater crash risk for older pedestrians including increased
frailty and susceptibility to injury, driver behaviour and attitudes, and the behaviour of older pedestrians.
In order to cross a road safely without engineering assistance, pedestrians must, while approaching or
stopping at the edge of the road, inspect the roadway in both directions and look for approaching vehicles.
This part of the task involves detecting objects in motion, ascertaining the direction and velocity of
objects, the identity of the object and estimating when the vehicle will arrive at the crossing point.
Furthermore, pedestrians must, on many roads, integrate and remember information about traffic in both
directions and in multiple lanes as well as combine vehicle arrival times with own walking speed in order
to reach a decision to cross. Once a decision has been reached pedestrians must initiate and carry out
actions as quickly as possible to achieve a safe road-crossing.
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Making a decision to cross the road, therefore, is a complex task requiring intact perceptual, cognitive and
physical skills. Accurate perception of the motion of the approaching vehicle is paramount when making
judgements of the traffic in which to cross safely. However, the task of making gap judgements by
estimating the time-of-arrival of the closest vehicle in order to cross the road safely may place high
demands on older adults, especially in conditions of uncertainty or when a decision needs to be made
quickly.
There is some evidence of age-related deficits in motion detection. Observational studies showed that,
compared to younger pedestrians, older pedestrians experience difficulties selecting safe gaps in which to
cross in complex two-way traffic. The oldest and slowest pedestrians often leave very short margins
between reaching safety and the oncoming vehicles passing the crossing point (Oxley, Fildes, Ihsen,
Charlton & Day, 1997a). Experimental studies also show that older adults experience difficulty
perceiving the details of moving objects (Burg, 1966; Kosnik, Winslow, Kline, Rasinski & Sekuler,
1988), tracking fast moving stimuli (Sharp & Sylvester, 1978) and are less accurate than younger adults
estimating time-of-arrival (Schiff, Oldak & Shah, 1992). The processes involved in making these
estimates, however, are not clear.
While the role of age-related functional impairment in driving performance and crash risk has been well
researched and many links have been established, these links are not well established for pedestrian
performance. For example, clear associations between driving performance and performance on
functional assessment tests of dynamic visual acuity, useful field of view, visual search, divided attention
and mental status have been found (Cooper, Tallman, Tuokko & Beattie, 1993; Janke, 1994; Ball,
Owsley, Sloane, Roeneker & Bruni, 1993). However, little is known about what visual, perceptual and
cognitive functions are important for safe road-crossing and few studies have investigated the extent to
which the road-crossing behaviour and functional performance of older pedestrians increases their risk of
crash involvement.
The experiment described in this paper examines age differences in road-crossing decisions in a simulated
crossing environment and reports on the association of functional performance with ability to make
appropriate crossing decisions.

METHOD
Experimental studies simulating real-world skills have long been recognised as an important method for
examining human performance. This approach was used here to study the crossing responses of
individuals and their perceptions of safety in traffic situations that might have serious negative
consequences in real life. Following a validation of the simulated road-crossing task against real-world
road crossing behaviour (Oxley, Fildes, Ihsen, Charlton & Day, 1997b), this experiment examined in
detail the factors involved in estimating gaps in the traffic and examined age differences in this ability
between younger and older adults. Tests of functional performance were also completed by participants
and test scores were compared with the likelihood of making an appropriate crossing decision to examine
the role of functional performance in crash risk.

Participants
Fifty-four participants took part in this study. Three groups consisted of 18 young adults aged between
30 and 45 years, 18 ‘young-old’ adults aged between 60 and 69 years, and 18 ‘old-old’ adults aged 75
years and over. All participants were volunteers and in good health.
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The simulated road environment
A simulated road environment depicting an undivided two-way residential road from the perspective of a
pedestrian waiting at the kerb was utilised in this experiment. Moving traffic scenes of two near-side
approaching vehicles (that is, vehicles travelling from the right from the perspective of the pedestrian in
Australia1) were presented to participants. The depicted road was straight with features such as houses,
fences, trees and other roadway markings selected to make the environment look as realistic as possible.
In addition, relatively realistic sounds of approaching and passing cars were included in all scenes. No
far-side traffic appeared in the scenes. An illustration of this image is provided in Figure 1.

Figure 1: Stimulus traffic scenarios presented in the road-crossing simulation.
(Note: the road appeared straight when projected onto a curved presentation screen).
Traffic scenes were generated from data files from a mid-level driving simulator, downloaded onto three
VCR tapes (each containing 15 scenes in random order) and projected onto a large curved white screen.
Time gap and speed of vehicles were manipulated with five levels of time gap (1, 4, 7, 10 & 13s) and
three levels of vehicle speed (40, 60 & 80 km/h). The levels of time gap were chosen on the basis of
group average walking speeds identified in previous observational studies (Oxley et al., 1997), and
represented theoretically safe and unsafe time gaps. Each participant viewed traffic scenes on all three
video tapes in which the presentation was counterbalanced. Thus, each participant viewed the fifteen
scenes three times, that is, a total of 45 scenes.

Tests of functional performance
All participants completed a battery of functional assessments designed to assess visual, attentional,
cognitive and physical abilities. These included the Verbaken high/low contrast visual acuity test, the
Trail-making tests (Parts A and B), the Digit-Symbol test (a sub-test of the WAIS), the Mattis Organic
Mental Syndrome Screening Examination (MOMSSE) (a shortened version of the Dementia Rating
Scale), measures of walking time (fast and normal walking pace) and the ‘get-up-and-go’ test (assessment
of physical agility).
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Vehicles in Australia drive on the left-hand side of the road, and contrary to those in USA and most European
countries.
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Procedure
Tests of functional performance were administered initially and all participants completed each test.
Following this, participants undertook the road-crossing task. Participants were seated at a desk in a
darkened quiet room in front of the screen on which the image was projected. They were instructed to
respond to each traffic scene as if they were to cross the road immediately behind the first passing
‘trigger’ vehicle and in front of the second ‘approaching’ vehicle. A buzzer sounded as the first vehicle
passed (and activated a timer), and participants were instructed to look at the traffic at this time and make
a simple ‘yes’ or ‘no’ response on a keyboard to indicate whether they would have ‘crossed’ or not.
Yes/no responses and decision time were recorded. Participants were given practice trials until they fully
understood the task.

RESULTS
Yes/no responses
These responses indicated whether individuals would have ‘crossed’ the road or not in front of the second
approaching vehicle. Given that group differences were found in walking time, analysis of crossing
responses was undertaken by employing hierarchical logistic regression modelling of the data to examine
the independent variables including age group, time gap, vehicle speed and distance gap while holding the
effects of walking time statistically constant. Mean normal walking times were 3.9s, 4.6s and 7s for
young, young-old and old-old participants respectively. Tukey tests revealed that walking times of young
and young-old participants did not differ, however, the old-old group walked slower than both younger
groups, p’s < 0.001.
All variables were significant predictors of crossing decisions: walking time, χ2(1) = 32.33, p < 0.001, R2
= 0.10, time gap, χ2(4) = 191.33, p < 0.001, R2 = 0.24, vehicle speed, χ2(2) = 90.76, p < 0.001, R2 = 0.16,
and distance gap, χ2(14) = 426.27, p < 0.001, R2 = 0.36. An interaction between time gap and age group
was also found, χ2(8) = 152.53, p < 0.001, R2 = 0.21.
Figure 2 shows the proportion of ‘yes’ crossing responses by distance gap, vehicle speed and time gap for
each age group. It should be noted that distance gap does not increase in a linear way with time gap
because of speed manipulations. It is for this reason that corresponding time gap and vehicle speed
measures are also provided on the x-axis.
These data show that participants were less likely to indicate that they would cross when time and
distance gaps were small than when they were larger. The young-old and old-old groups were less likely
to cross than the younger group when distance gaps were smaller than about 110 m. At distances of 22m
and below (time gap of 1s) the response rate was close to zero for all three groups. Beyond that, the
proportion of ‘yes’ responses increased rapidly for the young participants who reached asymptote when
the vehicle was more than 100m or 7s away from them. Response rates for the other two groups
increased more gradually and they reached asymptote later (young-old group at about 150m or 10s and
the old-old group at about 200m or 13s).
Of particular interest in these data is the difference in the proportion of ‘yes’ crossing responses where
time gap remained constant but distance gap varied. For instance, for the three time gap conditions of 4s,
the proportion of ‘yes’ crossing responses increased as distance gap increased from 44.4m to 66.7m to
88.9m for all participants. A similar trend was also apparent for longer time gap conditions, particularly
for the two older groups. This suggests that the distance away of the vehicle, and not time gap or vehicle
speed, was the main determinant of crossing decisions for all groups. However, these data also show that
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time gap did contribute to crossing decisions. Inspection of the proportion of ‘yes’ responses in the
88.9m/4s and 77.7m/7s conditions show that participants were more likely to respond ‘yes’ in the 7s time
gap condition even though the corresponding distance gap was smaller than that in the 4s time condition.

Proportion of 'yes' crossing responses (%)
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y o predicted
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20
10
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11.1m 16.7m 22.2m 44.4m 66.7m 88.9m
40kph 60kph 80kph 40kph 60kph 80kph
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77.7m 116.7m 155.6m 111.1m 166.7m 222.2m 144.4m 216.7m 288.9m
40kph 60kph 80kph 40kph 60kph 80 kph 40kph 60kph 80kph
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10s
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Distance Gap (m), Vehicle Speed (km/h) and Time gap (s)

Figure 2: Proportion of ‘yes’ crossing responses – age group by
distance gap, time gap and vehicle speed.
An additional analysis was carried out to compare actual proportions of ‘yes’ responses of young-old and
old-old participants with those predicted on the basis of their average walking speed relative to the
average walking speed of the young group (1.54m/s). Average walking speed of the young-old
participants (1.22m/s) expressed as a proportion of the walking speed of young participants is 84%.
Likewise, average walking speed of old-old participants expressed as a proportion of the walking speed of
young participants is 55%. This means that, if 100% of young participants responded ‘yes’ then the
predicted proportion of young-old and old-old participants responding ‘yes’ in that same condition would
be 84% and 55% respectively. Predicted values of positive responses for young-old and old-old
participants are shown for critical gaps (unsafe based on average walking times of older participants)
between 4s and 10s in Figure 2.
The actual response rate of the young-old participants was more conservative than the expected one up to
distance gaps of about 90m and time gaps of 4s. For distance and time gaps above these levels, their
response rate was at predicted levels or just above. In contrast, while old-old participants also made
conservative decisions when distance and time gaps were short, their response rates greatly exceeded the
expected level at the longer distance and time gaps. This indicates that old-old participants tended to
make unsafe crossing decisions when vehicles were at least 100m or 7s away from them.

Correct/incorrect responses
While a ‘yes’ or ‘no’ response in itself is an interesting measure, the response needs to be put into the
context of whether it was ‘correct’ (safe) or ‘incorrect’ (unsafe or missed opportunity), allowing for
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walking time and decision time, particularly in critical time gaps (4s and 7s). As noted previously, group
differences were found for walking time, and for decision time. Mean decision times were 0.66s, 0.88s
and 1.44s for the young, young-old and old-old groups, respectively. Overall, the young group responded
quicker in all traffic conditions than the young-old group, who in turn responded quicker than the old-old
group, p’s < 0.001. Correct and incorrect responses were scored in the following way. If an individual
with a combined walking and decision time of 5s responded ‘yes’ in the 4s time gap condition, that
response would be recorded as an ‘incorrect’ (or unsafe) response. If a ‘no’ response was made in this
time gap condition, it would be a ‘correct’ (or safe) response. If a ‘yes’ response was made by this person
with the same combined walking and decision time in the 7s time gap condition, that response would
have been recorded as a ‘correct’ response. Conversely, if a ‘no’ response was made in this time gap
condition, it would be an ‘incorrect’ (or missed opportunity) response. Figure 3 shows the proportion of
correct ‘yes’ and ‘no’ responses for the critical time gaps of 4s and 7s and demonstrates clear group and
time gap condition differences.
YES RESPONSES
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Figure 3: Proportion of ‘correct’ responses by age group for both
‘yes’ and ‘no’ crossing responses.
A logistic regression model was employed to predict correct response as a function of age group, time
gap, yes/no responses and their interactions. The model fitted the data well, with an R2 value of 0.71.
The analysis revealed that age group and time gap were predictors of correct responses. Interactions were
found between age group and time gap, χ2(2) = 5.946, p = 0.05, between age group and yes/no response,
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χ2(2) = 99.203, p < 0.05, and between time gap and yes/no response, χ2(1) = 95.243, p < 0.001. Overall,
the young group was more likely to make a correct ‘yes’ response than the older groups in both the 4s and
7s time gap conditions. Young participants who responded ‘yes’ in the 7s time gap were correct 100% of
the time, and, in the 4s time gap, the proportion of correct ‘yes’ responses dropped to 54%. Young-old
participants who responded ‘yes’ in the 7s time gap, were correct 99% of the time, however, this dropped
markedly to only 3% in the 4s time gap condition. In contrast, old-old participants were less likely to be
correct than their younger counterparts when they responded ‘yes’ in both the 4s and 7s time gap
conditions. They were correct only 38% of the time in the 7s time gap condition and incorrect all of the
time in the 4s time gap condition. It is interesting to note that the young-old group performed similarly to
the young group in the 7s time gap condition and made a correct ‘yes’ response most of the time,
however, performed more like the old-old group in the 4s time gap condition, rarely making a correct
‘yes’ response. This finding shows that young-old participants experienced more problems when the time
gap was shorter or more critical than when the time gap was longer.
Not surprisingly, the ‘no’ responses showed an inverse relationship to the ‘yes’ responses. While the oldold group was more likely than their younger counterparts to respond ‘no’, particularly in the 4s time gap,
they were also more likely to make a correct ‘no’ response. Only a few young and young-old participants
made a ‘no’ response’ in the 7s time gap condition, and of those who did, most made an incorrect
response. Like for the ‘yes’ responses, the young-old group performed similarly to the young group in
the 7s time gap condition when making a ‘no’ response, however, performed more like the old-old group
in the 4s time gap condition.

The role of functional performance on ability to cross roads safely
The initial analyses considered age group membership as a predictor of crossing decisions and the
findings suggest that age itself is a good predictor of ability to cross roads safely. The main focus,
however, of this research was to examine the effect of functional performance on the ability to cross roads
safely. Table 1 presents mean scores on each functional assessment test by age group. Tests of physical
function were scored in seconds, thus a higher score equates to poorer physical performance. For tests of
visual acuity, the score was based on the size of the letters read and number of errors on the last line. A
score of 1.0 is normal and 0.1 is legally blind, therefore a lower score equates to poorer visual acuity.
Scores on the Trail-making tests are the time (in seconds) to complete each part, thus a higher score
equates to poorer physical performance. For the Digit/symbol test, the score is measured from the
number of correct responses given in a set time period, therefore, a lower score equates to poorer
performance. For the MOMSEE, points are scored for correct responses in each sub-test. The total score
is the sum of scores on each sub-test and has a maximum of 59 points, thus a lower score equates to
poorer cognitive performance.
For all tests, performance declined significantly with age. Simple one-way ANOVAs with post hoc
Tukey tests were performed on the data for each assessment, examining differences between age groups.
In comparison with the young group, the old-old group performed more poorly on all tests. In
comparison with the young-old group, too, the old-old group performed more poorly on physical tests,
trail-making tests (parts A and B), digit/symbol test and the MOMSSE assessment for mental status. No
significant difference in visual acuity was found between the young-old and old-old groups, except under
one low contrast condition.
In order to examine the association between performance on functional assessments and ability to make
appropriate crossing decisions, comparisons between ‘correct/incorrect’ responses in the most critical
time gap conditions (4s and 7s) and functional performance were made. Given that the decision to cross
the road rather than wait may be a better predictor of ‘riskiness’ based on a safety outcome, and that the
fit of the model to the ‘yes’ response was as good as the complete data (R2 = 0.70), ‘yes’ responses only
were considered in the following analyses.
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Table 1: Mean score on functional assessment tests by age group.
Young Group
(n=18)
Assessment

Young-Old Group
(n=18)

Old-Old Group
(n=18)

Mean Score

SD

Mean Score

SD

Mean Score

SD

Get-up-and-go

6.15s

0.97s

7.86s ***

1.05s

11.43s ***

2.94s

Normal walking
time

3.87s

0.31s

4.60s ***

0.61

6.96s ***

1.57s

Fast walking time

2.77s

0.32s

3.57s ***

0.55

5.74s ***

1.72

Visual acuity
(r/low)

0.75

0.22

0.37 ***

0.11

0.32

0.19

Visual acuity
(r/high)

1.17

0.24

0.62 ***

0.22

0.63

0.28

Visual acuity
(l/low)

0.74

0.24

0.39 ***

0.12

0.31 *

0.15

Visual acuity
(l/high)

1.14

0.29

0.68 ***

0.23

0.61

0.33

Trail-making test
(A)

21.71s

4.85

38.13s***

12.68

61.80s***

23.06

Trail-making test
(B)

51.40s

12.97

90.26s**

36.68

131.77s**

53.87

Digit/symbol

67.39

6.89

47.83 ***

9.29

35.83 ***

9.78

MOMSSE

53.39

1.29

49.61 ***

3.35

45.72 ***

5.80

*** p < 0.001
*
p < 0.05
A series of logistic regression analyses were performed on the ‘yes’ response data to examine the
association between each functional assessment test and ability to make a correct ‘yes’ responses in both
time gap conditions. Each regression model included the functional assessment measure along with the
time gap condition as predictors. Interactions between time gap and score on functional assessments were
considered, however, they did not improve the model significantly and were therefore not included in the
final analyses. In addition, walking time was not included in these analyses as this measure was used to
generate the ‘correct/incorrect’ response variable. A summary of the outcomes of these analyses is
provided in Table 2.
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Table 2: Summary of logistic regression analysis outcomes for
each functional assessment test
Assessment
Get-up-and-go
Mean Visual Acuity
Trail-Making Tests (Part A)
Trail-Making Test (Part B)
Digit/Symbol Test
MOMSSE
* p < 0.001

Wald
Statistic χ2
Value

R2 Value

97.55 *
43.64 *
74.05 *
71.01 *
99.73 *
77.57 *

0.720
0.375
0.469
0.451
0.604
0.461

All tests of functional performance were predictors of correct ‘yes’ responses, shown by the high and
significant χ2 values in Table 2. This means that the better one performs on any of the functional
assessment measures, the more likely a correct ‘yes’ response would be made. Conversely, poor
performance on these tests is associated with the probability of making an incorrect ‘yes’ response. The
get-up-and-go test was the strongest predictor of correct response suggesting that individuals with good
physical ability were more likely to make a correct 'yes' response than those who were slow to complete
the test, demonstrated by R2 values. The digit/symbol test also predicted responses strongly, suggesting
that individuals with good visuo-motor co-ordination, fine motor speed, divided attentional skills and
speed of cognitive operations were more likely than individuals whose abilities were poorer to make a
correct 'yes' response. While still significant, visual acuity was the least strongest predictor of a correct
‘yes’ response among these participants.

DISCUSSION
The experiment reported here has provided a detailed account of decision-making processes on crossing
the road, highlighting differences between crossing responses younger and older adults regarding gaps in
the traffic in which to cross roads safely. In addition, it has demonstrated a significant association
between performance on physical, perceptual and cognitive skills and road crossing responses that may,
in part, contribute to the increased crash and injury rates of older pedestrians.

Predictors of yes/no responses
Overall, the findings of this experiment demonstrated that, in general, the likelihood of a ‘yes’ crossing
response increased as time and distance gaps increased for all participant groups. However, those aged
60-69 years (the young-old participants) and those aged 75 years and older (the old-old participants) were
less likely than their younger counterparts to indicate that they would have crossed with distances less
than 110m and time gaps less than 10s. It was appropriate for the old-old participants to indicate that they
needed larger gaps than younger participants, as their walking times were significantly longer and
indicates that, at least to some extent, they adjusted to their slower walking times when deciding whether
it was safe to cross. However, despite leaving larger gaps, many of the old-old participants decided to
cross when in reality their walking times predicted that this was not safe, particularly when the vehicle
was further away. It is possible that the old-old participants had difficulty compensating physically or
cognitively fully for their slower walking speed. The data also indicate that the young-old participants
seemed to be more cautious than they needed to be at shorter distance and time gaps. At these gaps their
actual response rates were lower than those predicted on the basis of their walking speed. At longer
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distance and time gaps, their actual response rates matched the estimated ones reasonably well. This may
indicate that this age group were acutely aware of their failing abilities whereas the old-old participants
have lost such insight.
Of particular interest, the results showed that it was not only the old-old adults who based their decision
on distance gaps rather than time gaps, but distance seemed to be the primary determinant of crossing
decisions for all age groups. In other words, all participants appeared to rely more on spatial than
temporal information about oncoming vehicles to make a crossing decision, and particularly the very old
ones. It was clear, however, that temporal information, or the speed of the vehicle, also contributed to
some degree to the crossing decisions for all age groups. In some conditions it was found that response
rates increased or did not change with an increase in time gap and a corresponding decrease in distance
gap. If the distance of the vehicle had been the only deciding factor, responses should have decreased
under these conditions. While this appears to be a relatively safe strategy for young and young-old
people, it is a risky one for the oldest members of our community. Due to their slower walking speeds
and other sensory and cognitive limitations, older pedestrians may be at significant risk of collision with
oncoming vehicles unless their time-of-arrival is fully considered.

Correctness of responses
The ability to make correct responses, allowing for walking time and decision time, is intuitively a major
determinant of safe pedestrian performance, particularly in critical time gaps. However, the analysis
revealed clear age differences in proportions of correct ‘yes’ and ‘no’ responses. Of the young
participants that responded ‘yes’, the majority made a correct (safe) decision, even in the short time gap
of 4s. In contrast, for those old-old participants that responded ‘yes’ in critical time gaps, they were
correct less than 40 percent of the time, suggesting that a substantial number of old-old pedestrians made
risky crossing decisions. The most alarming result was that, for those old-old participants who responded
‘yes’ in the 4s time gap, none made a correct response. In the real world, these crossing decisions have
the potential to result in a collision. Interestingly, the young-old group behaved similarly to the young
group when the time gap was longer, making a high proportion of correct (safe) responses. However,
their proportion of correct responses was more like that of the old-old group in the short time gap
condition, with few of them making a correct (safe) response. This finding would imply that they
experienced more difficulty responding correctly (and safely) when time gaps were small, suggesting that
even at these ages (60-69 years) information processing ability is changing.
With regard to correctness of ‘no’ responses, the old-old group were more likely to make a correct ‘no’
response than the two younger groups, particularly when time gaps were shorter, suggesting that they
were aware of slower walking speeds and compensated appropriately for declining physical abilities. An
incorrect ‘no’ response corresponds to a missed opportunity and suggests that responses were
conservative. While this type of response might be a preferred strategy for older pedestrians, given their
physical and cognitive limitations, a missed opportunity might have some negative consequences such as
greater pressure to cross after a long wait. Those in the old-old group that responded ‘no’ in the longer
time gap condition were more likely to be incorrect than for the shorter time gap, suggesting a substantial
amount of conservativeness. The data also suggests some conservativeness for young and young-old
participants. Of the young participants that made a ‘no’ response, the majority made an incorrect
response, meaning that they said ‘no’ when they could have said ‘yes’ and still crossed safely (a missed
opportunity). Like for the ‘yes’ responses, the responses of the young-old group were similar to those of
the young group when the time gap was long, but more like that of the old-old group when the time gap
was short. This again, suggests some age-related change in information processing ability for this group
when under time pressure.

10

The role of functional performance
In recent years, the appropriateness of using chronological age to determine safety on the road has been
questioned. For instance, it has been argued that statistics depicting crash risk by chronological age may
lead to the inaccurate conclusion that age per se is the major determinant of driving safety. Waller (1991)
further argued that years since birth can be a misnomer in terms of performance ability, may not serve as
a predictor of the capabilities of any individual, and may ignore alternative or complementary functional
definitions. It is argued that age itself does not lead to crashes – this is evident because crashes are not
equally distributed among all ageing drivers and pedestrians. Rather, it seems that age-related declines in
particular abilities may be important to safe driving and walking in traffic. Despite these assertions, the
current findings suggest that advancing age does increase risk on the road. However, it should be noted
that the age groups considered in this experiment were quite distinct from each other and spanned 10-year
minimum age cohorts. Moreover, it is a difficult task to separate the effects of age per se and age-related
changes in functional performance on crash risk. Given that functional performance varies considerably
within age groups, particularly for the older age groups, variability within groups was not able to be
clearly identified in the initial analysis. Subsequent analyses, however, demonstrated that physical,
perceptual and cognitive skills play some role in safe road-crossing decisions.
Intuitively, good motor performance is of prime importance when crossing roads, particularly the ability
to adjust walking pace and execute actions quickly when faced with traffic emergencies. Reduced
physical capabilities means that older pedestrians are less mobile and less able to move out of the way of
approaching cars. While a number of studies have found that older adults initiate movements and walk
more slowly than younger adults (Stelmach & Nahom, 1992; Knoblauch, Pietrucha & Nitzburg, 1996;
Eubanks & Hill, 1998; Oxley, 2000), no previous research has associated physical agility with crash risk.
The current finding that slower walkers made more incorrect crossing decisions supports Lee, Young and
McLaughlin’s (1984) argument that older people may not compensate appropriately for their slower
walking speeds. Lee et al claimed that perceiving the affordance of a gap in the traffic entails combining
information about the environment with information about one’s walking speed. It is unlikely that slower
walking older participants in this study would have intentionally chosen a risky decision strategy in this
situation over their younger counterparts. Instead, this finding may be explained as a difficulty in
adjusting behaviour to suit changing abilities. As Lee et al argued, while younger adults maintain
calibration through daily experience, older adults need to re-calibrate as they become infirm and slower
and this may be a very difficult task to achieve.
The findings show that attentional and cognitive abilities also play an important role in the ability to cross
roads safely. The finding that participants who performed poorly on tests of visual search, attention and
cognitive skill were more likely to make an incorrect ‘yes’ crossing response suggests that the road
crossing task places overwhelming demands on attentional and cognitive resources of old-old participants
and to a lesser extent for young-old participants. In a complex road environment with approaching traffic,
it seems that inabilities in attending to, integrating and processing many sources of information could
have reduced the ability to respond safely to the approaching traffic. These include: inflexibility of visual
scanning particularly when a rapid decision is required (Rabbitt, 1982); problems in efficiently focussing
and switching attention to the most relevant source of information and excluding irrelevant information
(Madden, Connelly & Pearce, 1994); and difficulties of working memory, particularly holding
information in memory and integrating it with incoming information (Johnston, de Leonardis, Hashtroudi
& Ferguson, 1995).
It is interesting to note that the measure of visual acuity, while significant, was not as strong a predictor of
correct crossing response as other measures, despite the continued argument that traffic participation is a
highly visual task, and with the majority of research on older drivers focussing on the role of age-related
visual declines in crash risk (Shinar & Scheiber, 1991; Kosnik, Sekuler & Kline, 1990; Klein, 1991).
There is no doubt that vision is important to perform daily activities, to detect potential hazards, and

11

maintain balance and ambulation, however, static visual acuity may not be the most appropriate measure
of visual skill for pedestrian performance. Indeed, previous correlations between static visual acuity and
increased risk for drivers of crashing are weak at best (Shinar & Scheiber, 1991; Owens & Andre, 1996).
Dynamic visual acuity (the ability to resolve details in a moving target) seems to be a better predictor of
crash risk (Burg, 1964, 1967; Hills, 1975; Shinar, 1977) and should be considered in future research.
Given that many of the visual requirements for road-crossing require the detection and assessment of
changing information on the retina, declines in dynamic visual acuity may lead to inaccurate estimations
of vehicular movement.
In summary, this experiment has shown that, although functional assessment tests predicted the ability to
cross roads safely, age group was generally a strong predictor of safe crossing decisions. The ‘get-upand-go’ functional assessment test was the strongest predictor of safe crossing decisions, suggesting that
this test encompassed more than age alone. However, all functional assessment measures here did predict
safe crossing decisions albeit less strongly. This would suggest that individual functional assessment tests
may not discriminate adequately all factors involved in making this decision. It is possible, however, that
a combination of these tests can predict safe crossing decisions and is worthy of future research.

CONCLUSIONS
This experiment examined age differences in crossing responses in a simulated road environment. It
showed that older participants were less likely to cross a road than younger participants in similar
conditions, indicating some awareness of risk and some attempt at compensation for slower walking
times. However, the comparison of observed responses of the oldest participants with those predicted
based on their walking speeds suggest otherwise. Moreover, the old-old group were also more likely to
make an incorrect response when walking and decision times were taken into account. The usefulness of
tests of functional performance for predicting crash risk of older pedestrians was also examined here and
significant associations between declines in physical, perceptual and cognitive function and the likelihood
of making an incorrect crossing response were found. It appears that those with reduced physical,
perceptual and cognitive skills (generally the old-old participants) were at increased risk of collision while
crossing the road because they were more likely to respond incorrectly to approaching traffic, believing
themselves to have more time to cross in safety than in reality. The finding that physical, perceptual and
cognitive factors contribute to increased risk of collision reinforces the need for greater emphasis in
behavioural and engineering road safety countermeasures for the very old members of our community,
especially as these people will be the fastest ageing group in the near future.
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ABSTRACT
Licensing requirements for older drivers in Australasia are varied, with no available evidence that
the different assessment procedures have safety benefits. In 1996 the National Highway Traffic
Safety Administration in the USA embarked on the development of a national older driver screening
and evaluation program for that country. In 1998 Australian and New Zealand transport
jurisdictions funded a similar project to develop and trial an appropriate procedure for use in
Australasia, to be conducted by the Monash University Accident Research Centre.
A model re-licensing procedure was detailed in 2000, following input from key experts and
stakeholders in Australia and New Zealand. Components of the model include:
•
•
•
•
•
•

assessment to target only functionally impaired older drivers;
development of a network of community referral centres;
use of multi-tiered assessment procedures and instruments;
use of a case officer to assist older people through the assessment process;
use of re-training and rehabilitation procedures wherever appropriate;
the licensing authority’s role to include counselling on alternative mobility options, if appropriate.

During 2001, further research and development activities include:
•
•

a pilot study of the main processes underpinning the model was conducted in Tasmania, to test the
acceptability of the model to older drivers, referral agencies and to licensing officers;
a validation study of possible screening instruments to be used in assessment of fitness to drive, is
presently being conducted in New Zealand.

This paper reports on findings from the pilot and validation studies, as well as giving an overview of the
licensing model.
Contact details:

Jim Langford c/o Monash University Accident Research Centre, Clayton,
Victoria, Australia 3800
Ph:
+61 3 9905 1275
Facs: +61 3 9905 4363
Email: jim.langford@general.monash.edu.au

INTRODUCTION
In terms of absolute accident numbers and when compared with other age groups, older
drivers do not represent a major road safety problem in most western societies. However they
are involved in significantly more serious injury crashes per distance travelled and the socalled ‘bath tub curve’ shown in Figure 1 (Fildes et al 2001) has been repeatedly confirmed
both in Australia and in other Western countries.
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Over the next 30 to 50 years, demographic changes are likely to further emphasise the ‘older
driver problem’. For example, in OECD member countries, the proportion of the population
aged 65 years or more will have doubled by 2050 (OECD Expert Group ERS4, in press). This
feature will be particularly marked for the ‘old-old’ where crash risk seems to be at it’s
highest: by 2030, there will be a doubling of people aged 80 and over and by 2050, the
proportion will have tripled.
The growth in the proportion of older drivers on the road is expected to be considerably
greater than demographic changes alone suggest. Increased licensing rates and increased
distances driven by the older groups will also contribute to a burgeoning road safety issue
(OECD Expert Group ERS4, in press).
Figure 1: Number of serious injury crashes per billion kilometres travelled, Australia, 1996.
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EXPLAINING OLDER DRIVER CRASHES
Some of the over-involvement of older drivers in serious injury crashes is due to their
increased frailty and consequent vulnerability to injury, rather than to reduced driving skills.
Research in the USA suggests that males are 2.3 per cent more likely to die in the same
severity crash for each year of age above 20, whilst for females this likelihood rises by 2.0 per
cent (Evans 1991). Around one-half of the additional fatality risk of drivers aged 75 years or
more might be directly attributable to this factor (Maycock 1997, Wylie 1996).
A further explanatory factor is emerging from current research. The early research focused
mainly on the deficiencies considered typical of older people, such as the general reduction in
physical, sensory and cognitive functioning and consequent association with crash risk. The
emphasis is now upon identifying specific sub-groups of older people such as those suffering
from dementia, epilepsy or insulin-treated diabetes (Hakamies-Blomqvist, in press). This shift
has been from a general approach, “why do older drivers have higher accident risk?”, to a
differential focus on high-risk sub-groups, “which older drivers have higher accident risk?"
(Hu et al 1998).
The conditions and functional disabilities to which older people seem particularly prone and
which have been associated with an increased crash risk (Fildes 1997, Staplin et al 1998 and
Austroads 1998), include:
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•
•
•
•
•
•
•
•
•
•
•
•
•

visual conditions (eg cataracts, glaucoma, diabetic retinopathy, field of view losses);
cardiac conditions (eg irregular heartbeat, history of heart problems, severe angina);
cerebrovascular conditions (eg stroke with permanent impairment, history of transient
ischaemic attacks);
insulin-dependent hypoglycaemia;
reduced memory and cognitive skills (eg moderate and severe dementia including
Alzheimer’s and Parkinsons diseases);
mental illness (eg severe depression, inability to maintain a normal social, mental or
emotional state of mind);
severe muscular and skeletal disorder (including severe arthritis);
a range of conditions resulting in loss of upper or lower body strength;
a history of falling;
conditions resulting in widespread use of particular prescribed drugs and polypharmacy
(eg anti-depressants and anti-anxiety drugs);
alcoholism and drug abuse;
sleep disorders (sleep apnoea, narcolepsy);
neurological conditions (eg multiple sclerosis and Parkinsons disease).

RE-LICENSING REQUIREMENTS FOR OLDER DRIVERS
The perception that older drivers commonly suffer from diminished driving skills, has led
many jurisdictions to institute mandatory age-based re-assessment. Examples of different
licensing practices are given in Table 1.
Table 1 - Licensing procedures in some OECD countries
Country
Australia
Belgium
Denmark

Renewal
Procedures?
Yes, mainly
No
Yes

Renewal Interval

Medical Requirements for Renewal

England

Yes

Finland

Yes

France
Germany
Ireland
Italy

No
No
Yes
Yes

No renewal required
Renewal not determined by age
Annual renewal regardless of age
10 year renewal up to age 50, 5 year
renewal
after age 50 and 3 year renewal at age
70

Netherlands

Yes

At age 70, medical review required Depending on physical conditions,
every
medical review may be more
five years
frequent, vision test required

Usually around age 75
No renewal required
At age 70, licenses issued for 4 years
At age 71, issued for 3 years
At ages 72-79, issued for 2 years
At ages 80+, issued for 1 year
If illness, shorter terms possible
At age 70, mandatory renewal

Yes, mainly
No
)
)
) Yes
)
)
After age 70, a medical certificate
and vision test
Yes, after age 45 medical review
At age 45, renewal every 5 years
every five years.
At age 70 license expires
Renewal period depends on the Renewal requires medical exam and
verification of ability by two people
physician
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No
No
Yes, a certificate of medical fitness
Medical test required with renewal

New Zealand

Yes

No renewal required until age 71
Yes, at age 71 onwards, medical
At age 71, renewed for 5 years
review and eyesight test required
At age 76, renewed every two years
Portugal
Yes
At age 70, license renewed every 2 Yes, a age 70 a medical exam is
years
required every 2 years
Sweden
No
No renewal required
No
Source: OECD Expert Group ERS4, in press

In addition to requiring medical reports at various ages, many jurisdictions also require older
drivers to pass on-road driving tests. As with the structure and scope of the medical reports,
the driving tests differ widely in timing, design and in validity.
THE CASE AGAINST MANDATORY TESTING OF OLDER DRIVERS
A theoretical argument against mandatory testing
Assume that the acceptable risk of a road fatality is 1 per 10,000 drivers a year. Further
assume that a factor which doubles the risk, making it 1 per 5,000 drivers a year, is targeted.
Finally assume that a test with 100 percent sensitivity and specificity for this risk factor exists.
To prevent one fatality per year, 5,000 at-risk drivers would need to cease driving. In other
words, 4,999 ex-drivers would be required to use other transport modes, perhaps incurring
greater fatality risk than they did as drivers (OECD Expert Group ERS4, in press).
A practical argument against mandatory testing: it cannot be shown to work
One of the few evaluations of existing driver testing programs has compared the Finnish and
Swedish licensing practices (Hakamies-Blomqvist et al 1996). Finland requires regular
medical checks at age 70 onwards for licence renewal, whereas Sweden has no age-related
controls. No safety benefits of the Finnish program could be detected compared to Sweden.
An Australian study conducted during the 1980s reached a similar conclusion (Torpey 1986).
Despite having no age-related licensing controls, the State of Victoria had no worse older
driver crash statistics than other States with established testing programs. Interim results from
an update of this study also fail to show any safety benefits for mandatory assessment
programs (Langford, study in progress).
Mandatory medical assessment of older drivers to detect those who are unfit to drive has
particularly been criticised, since a driver’s health does not necessarily equate to fitness to
drive (OECD Expert Group ERS4, in press). When a health problem has been identified, the
question of whether to continue driving depends not on a medical diagnosis but rather, on the
functional consequences of the illness. And for different people, a given condition may affect
fitness to drive in different ways and to different degrees. The expectation that general
practitioners can assess all the functional implications may be unrealistic.
Another argument against mandatory testing: it precipitates immobility
If the safety outcomes of mandatory testing are at best, inconclusive, one other outcome is
clear. Many drivers voluntarily stop driving rather than undergo mandatory assessment (Levy
1995, Hakamies-Blomqvist and Wahlstrom 1998).
4

In the State of Queensland, Australia, licence renewal requires a medical assessment once
every five years from age 75 onwards. The figure below shows for Queensland, the numbers
of drivers who failed a medical assessment for licensing purposes, compared to the numbers
who allowed their licences to lapse (Peel 2001).
Figure 2:

Number of medical and voluntary surrenders of licence, Queensland, 1998.
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The subsequent loss of mobility may be justified if it were limited to unsafe older drivers.
With comparative crash data failing to support this outcome, it is more likely that substantial
numbers of older drivers are unnecessarily ceasing to drive as a direct result of mandatory
testing – a contention that has been supported by an interpretation of the crash data (Lange
and McKnight 1996).
LICENSING DEVELOPMENTS IN AUSTRALIA
Given its convenience and relative safety, driving remains the preferred mobility option for older people. At
least for the immediate future, the main purpose of any older driver program should be to support continued
driving as long as is compatible with specified safety requirements.
(Mobility Needs and Safety Problems of an Ageing Society, Chapter 6: Managing Older Road Users, p1.)

In dismissing mandatory assessment, the OECD Group recognised that licensing jurisdictions
retain responsibility for ensuring that licensed drivers are indeed fit to drive. The Group
recommended that older driver safety could best be managed by targeting those discernibly at
risk, leaving ‘safe’ drivers with the maximum mobility options.
The proposed licensing model for managing older driver safety currently being developed in
Australasia (Fildes B et al 2000) complies with the stance taken by the OECD Group.
Advisory committees involving key stakeholders were formed in Australia and New Zealand
to work with researchers from the Monash University Accident Research Centre to develop a
more effective and acceptable licensing procedure. A number of critical components for the
proposed licensing model were identified, including:
•
•
•

older driver testing to be based on functional ability rather than chronological age;
development of a network of community referral sources;
use of multi-tiered assessment procedures and instruments;
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•
•
•

use of a case officer to assist older people through the assessment process;
use of re-training and rehabilitation procedures where appropriate; and
expansion of the licensing authority’s role to include counselling on alternative mobility
options, whenever appropriate.

Figure 3 shows an outline of the proposed licensing model developed as part of Stage 1 of the
project. The origins of the model were based on licensing approaches being in California and
Maryland in the USA .
Figure 3 - Outline of the Model Licensing Re-Assessment Procedure for Older Drivers
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Community referral, incorporating Level 1 Assessment
The first stage in the model involves the referral of suspected at-risk drivers to licensing
authorities for re-assessment. Drivers may be identified in at least the following ways:
•
•
•

self-referral;
professional referral, involving health or other professionals, including police;
community referral, involving any member of the community, including family.

Clear and objective criteria are needed to assist in identifying at-risk drivers. This will reduce
subjectivity and will make the referral process more transparent, equitable and acceptable to
all involved. Development of assessment instruments is presently underway as part of the
project.
For referral based on level 1 assessment to work, it will be essential that in most cases, the
older driver has meaningful involvement in any decision to attend the licensing office for
further assessment. If referral becomes predominantly ‘tops-down or unilateral, it is likely that
both those referring and those referred will reject the process.
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The case officer
The case officer is the referred driver’s primary point of contact with the licensing authority
and is responsible for progressing each driver through the assessment process from the time of
arrival until an outcome is determined. As part of this function, the case officer is to keep
each driver fully informed of the assessment process and possible outcomes.
It is inevitable that many older drivers will feel threatened by the assessment process and will
need considerable reassurance and guidance if they are to perform to their ability. Particularly,
those cases resulting in loss of licence will need to be treated with delicacy and will need the
provision of concrete advice regarding other mobility options.
It is anticipated that on other occasions the case officer will also be required to act as an
advocate for the driver undergoing assessment. For the model to work, it is critical that
drivers be treated with fairness and with due regard to individual circumstances: this might
entail the case officer ‘defending’ the driver against particular regulations and procedures.
Jurisdictions adopting the proposed model must be prepared to accept this as part of the case
officer’s role.
The Screening Process – Level 2 Assessment
Each referred driver will attend the closest licensing office and submit to an initial screening
test, conducted by the case officer.
If passed, the licence will be renewed, either unconditionally or for an agreed period only (for
example, for a driver with only a marginal pass). Individuals with poor test results will be
counselled into surrendering the licence immediately. However, the screening test results will
not be the final determinant of licence removal or restriction. Drivers either reluctant to accept
counselling advice or who failed only marginally, will be offered further assessment options.
The screening test(s) will need to be brief yet comprehensive, valid and functionally based.
The tests currently being evaluated as part of Stage 2 of the Australian licensing project, are
largely for perceptual and cognitive competency.
Specialist Referral and Assessment – Level 3A Assessment
Referred drivers may also need to be assessed by medical or other health specialists. The
need for specialist assessment may be indicated by:
•
•
•

the notifying source (eg GP or health service worker);
the initial medical examination;
the screening test results.

The case officer will be responsible for directing drivers in these categories to the appropriate
specialists.
Specialist assessment will result in one of three major outcomes:
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•
•
•

the driver may be deemed unable to continue to drive safely, in which case the licence will
be either cancelled or granted on a restricted basis only;
the driver may have a temporary condition amenable to treatment, in which case the
licence will be suspended until the driver is able to prove fitness to drive;
the driver may have no discernible medical condition to explain the perceived driving
impairment or the poor screening results, in which case an on-road driving assessment
will be conducted.

On-road Driving Assessment – Level 3B Assessment
Current driving tests have at best limited success in identifying at-risk drivers. Again,
validation of particular tests will be necessary before a final selection is made for inclusion in
the proposed licensing model.
On-road testing to be conducted by either the jurisdiction’s testing officers or by specially
trained occupational therapists. Assessment at this level will result in one of three outcomes:
•
•
•

a ‘pass’ driver will continue to hold a driving licence – either indefinitely or depending
on the results, may need to be re-assessed after a specified period;
taking all information into account, the driver may be granted a restricted licence only;
if justified by the on-road test and perhaps other results, the licence may be cancelled.

Driver Rehabilitation and Re-training
One objective of the model is to allow older drivers to continue driving as long as is
compatible with safety considerations. Rehabilitation and re-training options are integral to
achieving this and may be invoked at any stage in the assessment process. The options may
take many forms, including:
•
•
•

rehabilitation based upon medical or paramedical treatment of underlying conditions;
specialised re-training in driving skills (which may include use of special vehicle
adaptations), provided by occupational therapists;
general re-training in driving skills by automobile clubs or by driving schools with
appropriately trained instructors.

Following rehabilitation or re-training, drivers would usually be required to again go through
the assessment procedures.
The inclusion of rehabilitation and re-training options requires identification of all relevant
resources available in each area or jurisdiction. It also requires that case officers be fully
informed in this regard and be able to make competent judgements in regard to the suitability
of these options for individual drivers.
Appeal procedure and tribunal
It is important for the licensing authority to have an established appeals process for those who
feel that they have been inaccurately or unfairly assessed regarding their ability to drive.
Further right of review is also available through the Magistrates Court in each jurisdiction.
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NEXT STEPS
Stage 2 of the project is currently underway and consists of two major components:
•
•

a process evaluation of the main procedures underpinning the licensing model;
an evaluation of a number of possible screening tests to be used for level 2 assessment.

Pilot study of the model
The first task in Stage 2 was to evaluate the model’s procedures in a licensing environment, to
evaluate their acceptability by both licensing agents and older drivers themselves. The
evaluation took place in the State of Tasmania, Australia, where currently older drivers aged
85 years and older are required to undergo annual medical examinations and on-road driving
assessment.
Fifty-six older drivers who had already been deemed fit to drive by a medical practitioner,
agreed to participate in the study.
When each driver attended the licensing office to complete the required on-road driving test,
he or she was met by a case officer who explained the project and the subsequent assessment
process to the older driver. Each volunteer then completed a paper and pencil screening test
measuring a number of cognitive and physical skills believed to be important for driving. The
standard Tasmanian on-road driving test was also re-structured to include an on-road
assessment procedure recently introduced in New Zealand specifically for older drivers.
After completing both procedures, participants filled out a questionnaire exploring their level
of satisfaction with the new processes.
The results of the questionnaire showed that the majority of participants (96.2% of
respondents) stated that they found the model process of licence re-assessment to be
acceptable. Almost 98% of respondents indicated that they had found the case officer helpful
during the licence re-assessment process - with several using the case officer position as a
resource leading up to or following their assessment.
Validation of screening tests.
The notion of an off-road screening test which has the capacity to predict on-road
performance and particularly crash involvement, is central to the licensing model. The second
component of Stage 2 is to conduct a series of validation studies involving a number of
promising screening instruments.
Four tests have been selected for the study:
•

•

the Gross Impairments Screening Battery of General Physical and Mental Abilities
(GRIMPS) screening test developed by Scientex, Washington, which was used in the
Hobart pilot study;
the EDS (Elemental Driving Simulator) test developed by Life Science and Associates,
New York, which requires participants to undergo a computer-tracking task;
9

•

•

the CALTEST developed by the Department of Motor Vehicles, California, which is a
touch-screen computer test of attention, visual and cognitive abilities. This test was
supplemented with a video hazard perception test developed in Victoria, Australia.
the DriveABLE developed by DriveABLE Inc., Edmonton, Canada, which is a touchscreen computer test of attention, vision and cognitive abilities.

In order to validate these four tests, a randomised control trial commenced in Wellington,
New Zealand in February 2001 and will involve some 1500 older drivers. Participants (80
years and older) will consist of drivers who successfully meet the requirements for licence reassessment in New Zealand. As part of this process they will have undertaken both a medical
examination and an on-road-driving test.
Participants are being recruited from licence office records and will complete one of the four
tests. They will also complete a survey collecting demographic information, self-reported
health status and self-reported crash and infringement history. In addition, the licensing
authority will provide official statistics for each participant’s on-road test results, crash history
and medical status.
It is expected that a full report on the test validation results will be available in mid-2002.
Stage 3
Subject to the identification of a sufficiently well-performed screening test, it is intended to
conduct a full-scale trial of the model in at least one Australasian jurisdiction.
CONCLUSION
Mandatory ‘across-the-board’ assessment of older drivers has at best, limited effectiveness. A
targeted approach which focuses on those at heightened risk thereby allowing more intensive
assessment where appropriate, appears to be a more efficient means of improving safety for
older drivers and other road users.
Australasia’s model re-licensing project has taken the first steps in developing a uniform
licensing procedure for Australia and New Zealand. Essential requirements for the proposed
model include the establishment of a number of community referral sources for those
suspected to be at high risk and the development of accurate and valid instruments to assess
safe driving ability. The involvement of general practitioners and other community groups in
the process, is seen as critical for the success of the project, as is the provision of re-training
and rehabilitation options for some drivers and alternative mobility options for others.
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Abstract
Two major bus safety reports have recently been completed at ICE. Firstly the 'Assessment of
Passenger Safety in Local Service PSVs', for the Department of the Environment, Transport
and the Regions (DETR), assesses the impact of the Disability Discrimination Act (DDA) and
the Disabled Persons Transport Advisory Committee (DIPTAC) regulations on bus travel.
Secondly 'Real World Bus and Coach Accident Data from Eight European Countries', for
Task 1.1 of the Enhanced Bus and Coach Occupant Safety project (European Commission 5th
Framework Project no. 1999-RD.11130), is a collation of European data that identifies the
important issues in bus and coach occupant safety. It has become evident during these
projects that non-collision incidents are an important part in the injury experience of bus
casualties, especially for elderly occupants.
By consideration of both national statistics and in-depth cases a picture has been formed of
the bus and coach casualty population and the types of incidents in which these people are
injured. These statistics have been presented, along with possible reasons for such a high
proportion of casualties occurring in non-collision incidents and recommendations have been
made that would lessen the risk of these injuries occurring, through better design and
operational changes.
These injuries occur due to a combination of factors. Occupants can fall due to slipping or
tripping on poorly designed floor surfaces or in wet weather conditions. Or falls can occur
due to acceleration forces as the bus brakes or pulls away. When these falls occur the design
of the interior can present an injury risk.
In recent years bus design has changed as a result of new regulations to allow a wider
population to use buses, especially with the introduction of low floor access. These features
promote easier boarding and alighting and allow less mobile members of the population to
make use of bus travel. Unfortunately this may also increase the likelihood of these more
vulnerable people receiving injuries on the vehicle.
Many of the issues addressed are particularly relevant to elderly people, small children and
their carers.
Keywords: Non-collision, DDA, DIPTAC, PSV, Bus, Coach.

Methodology
This study uses British national road accident data, commonly called 'STATS 19', to
investigate bus and coach accidents. The overall criteria for an accident to be included in the
records is that a person must have been injured in an accident on a public highway. These
accident forms are submitted to the Department of the Environment, Transport and the

Regions (DETR) by each of the 50 police forces in Great Britain.
The authors feel that the level of reporting of injuries to bus and coach occupants in Great
Britain is high at all injury levels, due to the responsibility of the driver to report incidents to
the operator. There is also a legal obligation to report incidents to the Vehicle Inspectorate.
This high level has been evident in the monitoring of police accident reports (received as part
of an ongoing injury study) in the Nottinghamshire and Leicestershire counties of Great
Britain, from February 2000 to February 2001.
Data are available for Great Britain, which includes England, Scotland and Wales. Whilst a
separate vehicle type code is given to buses and coaches unfortunately there is no way to
distinguish between a 'city' bus or coach and a 'touring' bus or coach. The analysis therefore
covers all buses and coaches that have 17 or more seats (regardless of whether or not they are
being used in stage operation).
As part of the study undertaken for the DETR, physical designs of the current bus fleet were
examined as part of a market review. This provided information on the types of designs
currently in use within the UK and the hazards associated with these designs. A task analysis
was undertaken of the actual bus journey from the passengers point of view. This identified
the extent of which passengers would be exposed to any hazards during the journey including
such things as boarding and alighting. As well as investigating the bus design, passenger
issues were considered. These included the effects of sensory disabilities, slips trips and falls
and the characteristics of the bus user population. This work has been used in this paper to
identify how and why injuries occur.

Results
Overall Picture
This study uses data from 1994 to 1998. The distribution of injury severity, compared to car
and taxi, and all road users is given in Table 1, averaged over these five years. Definitions of
injury severity are given in the annex.

Occupants
of:

No of
Vehicles

Buses and
Coaches

6,183

No of Casualties
Fatal

Serious

Slight

Total

19

625

8,130

8,774

0.2 %

7.1 %

92.7 %

100.0 %

1,747

21,287

178,546

201,580

0.9 %

10.6 %

88.6 %

100.0 %

3,578

44,074

272,206

319,858

1.1 %

13.8 %

85.1 %

100.0 %

(Passengers)

Cars (and
Taxis)

156,521

All Road
Users

428,081

Table 1. Great Britain Casualty Figures (Average 1994 to 1998) (ref. 1)

These figures show that when a passenger is injured in a bus or coach they are less likely to
receive a fatal or serious injury than overall road users (7.3% against 14.9%).

Figure 1 gives the overall picture of
killed or seriously injured (KSI) road
user casualties in Great Britain.
Passenger casualties on buses and
coaches represent 1.4% of all KSI
casualties.

Pedestrians
24.5%

Cyclists
7.8%
Motorcyclists
13.6%

Others
0.5%

Buses/Coaches
1.4%

Vans/Trucks
3.3%

Whilst this percentage is low, and an
analysis of exposure indicates that
bus travel is one of the safest modes
of transport, this study identifies
issues that should make local bus
transport even safer.

(Average 1994 to 1998)

Cars/Minibuses
48.8%

Figure 1. Proportion Of KSI
Casualties By Road User Type

Also, as new low floor buses make travel more viable for less physically mobile passengers it
is vitally important to make sure that people are not suffering injuries inside the vehicle which
will make the overall proportion of bus casualties higher.
It is also important to look to the future with most governments encouraging the greater use of
public transport, especially in congested cities. Recent experience in the UK concerning rail
crashes indicates that the public has a keen awareness of the safety of public transport and an
expectation of very high levels of safety if they are to use public transport.
Type of Accident
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0%

0%

Did Not
Impact

Front

Figure 2. Location of First Impact when
Passengers (KSI) are Injured

Left

Boarding

Seated
Passenger

Standing
Passenger

Alighting

Figure 3. Position / Action of Injured (KSI)
Passengers

Figure 2 shows the location on the vehicle of the first point of impact (left and right are for an
occupant sitting in a vehicle facing forward). While this is not necessarily impact direction
over the whole national database it is a good estimation of the type of accident.
From figures 2 and 3 it can be seen that 62.6% of all KSI passenger injuries are in non-impact
incidents and 57.1% of all KSI passenger casualties are not seated when they are injured.
Overall 48.8% of KSI casualties are not seated and the vehicle does not have a collision.
These are large proportions of the bus casualty population.
Non-collision incidents typically have a much lower number of casualties per vehicle, 1.14,
when at least one injury takes place (the criteria for an accident to be recorded). For frontal
damage accidents this figure is 2.05.

KSI Risk

Percentage of Casualties in each Position / Action

Looking at the severity of injury that occurs when a casualty is not seated it is found that there
is a 10.0% likelihood of suffering a KSI injury. This compares to figures of 5.5% for seated
passengers and 7.3% overall. More detail is given in figure 4 which covers the whole bus
casualty population. All counts given are over the 5 year period.

14%

569
Fatal
Serious

12%
341

10%

887
8%
1326

6%
4%
2%
6

17

54

16

0%
Boarding* (all
severities n=3491)

Alighting* (all
severities n=4341)

Standing Passenger
(all severities
n=10846)

Seated Passenger
(all severities
n=25128)

Figure 4. Percentage of Casualties Receiving a Serious or Fatal Injury
*If a passenger is struck by a vehicle after safely alighting from a bus or coach they are counted as a pedestrian.
If an injury occurs due to a fall onto or off the vehicle they are recorded as boarding or alighting as appropriate.

Interestingly there are more casualties when alighting the vehicle than when boarding, with a
shift towards a higher proportion of serious injuries. This could be due to drivers being less
aware of these passengers or just the likelihood of falling being greater. Bifocal glasses, that
do not give good distance vision when looking down, may also be a problem.
During 5 years of data 39 out of the 93 fatal casualties (42%) occurred when the occupant was
standing, boarding or alighting the bus or coach. After looking at some in-depth cases it is
apparent that many of these fatal casualties in fact suffered from some kind of fall, trip or slip,
whilst standing, alighting or boarding.
Of all casualties that are standing, alighting or boarding, 83.7% are injured in non-collision
accidents and it is important to note that 37.5% of seated casualties are also injured in such
accidents. For KSI casualties these figures are 85.6% and 22.1%.
Road Classification
Looking at just the non-collision
population it is found that 93.9%
of all casualties occur on roads
with a 30 mph speed limit and
3.6% on 40 mph roads, 93.5%
and 4.2% for KSI casualties.
This compares to figures of
82.7% and 5.1% for all
casualties injured on buses and
coaches.

40 mph
3.6%

50-70 mph
2.3%

0-20 mph
0.2%

0-20 mph
30 mph
40 mph
50-70 mph

30 mph
93.9%

Figure 5. Casualty Distribution by Road Speed Limit

Roads up to and including 40 mph speed limit are defined as built up areas by the UK
government. In the data it is not possible to separate local buses and coaches but this high
figure in built up / rural areas indicates that the great majority of non-collision incidents occur
on local service buses.
Other European Countries
Internationally accident data is collected in slightly different ways but it has been found that
the non-collision casualty situations in Austria and Germany broadly mirror Great Britain.
In Austria 32% of all KSI casualties are injured during an emergency braking manoeuvre
(ref. 2).
A German in-depth study of city bus accidents, in Bavaria (Munich and Nürnberg), carried
out as part of a thesis (ref. 3), revealed that 50% of the casualties in buses are due to noncollision bus accidents. In over 70% of the cases emergency braking was the main cause of
the accident in the bus, 72% of these casualties were older than 55 years.

Who Is Getting Injured?: The Non-Collision Casualty Population
Gender and Age
5 year (1994 to 1998) totals:
Male
28.4%

Male -

10 Fatalities
551 Serious

Female
71.6%

Female -

24 Fatalities
1390 Serious

Figure 6. Gender Distribution (KSI)

Figure 6 gives the gender distribution for KSI casualties, injured when no collision takes
place, with the split of 71.6% women and 28.4% men. Seated casualties have been included
as the design of the interior can be just as important for them as it is for occupants trying to
keep their balance when standing.
The data shows that there are over twice as many females as males. This is likely to be both a
function of greater bus use by females and a lower tolerance to injury.
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Figure 7. KSI Casualties By age and gender
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Figure 8. KSI Rate Across Age Bands

Figures 7 and 8 give age distributions for KSI non-collision casualties.
In figure 7 a peak is seen for school age males and there is a very obvious increase in numbers
amongst elderly females. The mean age for female casualties is 15 years higher than that for
males.
In figure 8 'KSI rate' is used to describe the proportion of all casualties in that group which
receive a serious or fatal injury, and it is given as a percentage. Overall there is a marked
increase in the likelihood of a serious or fatal injury to a female occupant as their age
increases. The increase is most prevalent after the age of 70. The risk of a KSI injury, when
an injury has taken place, is lower for young children. For males the pattern is less defined
but with the actual numbers being lower.
Exposure Issues
Governmental surveys (ref. 4) show that generally women travel more on local buses than
men for most types of area and age. This goes some way to explaining why women have a
much greater representation as bus or coach casualties than men on the database. Overall it is
estimated that in the 16 to 59 years old age group women travel 47% further on local buses
than men.
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Figure 9. Share Of Bus Journeys By Age Group NTS 1996-98 (ref. 5)

This figure from the National Travel Survey shows that women of all ages also make more local
bus journeys than men, whilst travelling further. This will give women higher exposure to
injuries that occur whilst standing, boarding or alighting the vehicle, as they get on and off more
often.

How and Why Do These Injuries Occur ?
This work has shown that 63% of all KSI bus passenger casualties are in non-collision
incidents with a shift towards elderly female passengers. This section will discuss problems
on buses that cause these injuries. Generally it is felt that most of these types of non-collision
injury are taking place on local service buses, borne out by 93.9% of these injuries occurring
on 30 mph roads. The rest of this paper will therefore concentrate on these vehicles.

Slips, Trips and Falls on the Vehicle
Caused by:
Slippery floors,
Weather conditions,
Uneven floors,
Unexpected or high steps,
Steep slopes,
Lack of visual cues,
Physiology in the elderly.

Figure 10.

Figure 11.

There are a number of design issues on buses which can cause slips, trips and falls. Floors
can be slippery due to inappropriate or worn surfaces. More modern buses have textured
floor surfaces which give a good grip but on older buses and especially those which have seen
a lot of service, the flooring gets very worn and therefore smoother, which could present a
potential slipping hazard.
Weather conditions present many variables which are impossible to remove. Rain, leaves,
snow or even wet paper significantly increase the likelihood of an individual slipping on a
floor. It is generally recommended that floors should be kept as clean as possible and non slip
surfaces should be used throughout.
Uneven floors, especially unpredictable or varying slopes on aisles can present tripping
hazards as they are not expected. New guidelines suggest that floors should not have a
greater slope than 3 degrees inside the vehicle (figure 10) and 5 degrees around the door area.
Buses with internal steps half way down the aisle can cause falls as passengers are busy trying
to find an empty seat rather than looking at the floor (figure 11). The height of any steps
within the bus should also be consistent.
It is vitally important to mark any steps or floor obstructions on the vehicle to act as visual
cues. There should be good marking of steps, good even lighting levels, and appropriate use
of colour so passengers can quickly identify grab handles, steps, seats and exits. Steps also
wear quickly and become slippery so good maintenance is required.
Generally the elderly are more susceptible to falls and the environment described above will
increase the risk of falling. Older persons have stiffer, less co-ordinated and more dangerous
gaits than younger persons. Posture control, body-oriented reflexes, muscle strength and tone,
and height of step all decrease with age and impair the individual’s ability to avoid a fall after
an unexpected trip or when reaching or bending. Age-associated impairment of vision,
hearing, and memory also tend to increase the number of trips and stumbles.

Slips, Trips and Falls Whilst Boarding or Alighting

Caused by:
Step to the kerb can be too high,
Riser steps of different heights,
Passengers can be encumbered.

Figure 12.

If there is a large initial step when alighting or boarding, or the riser steps are different in
height, passengers can lose their balance or misjudge the distance (figure 12). This is
especially relevant to the elderly or the encumbered passenger, for example when carrying
bags or pushchairs.
Differences in kerb heights at different bus stops is a difficult variable to control but this can
exacerbate the problem. All subsequent steps on board the bus should be the same height to
avoid loss of balance. A number of alighting cases have resulted in serious injury or even
death as people have stumbled and fell under the bus.
Of all KSI non-collision passenger casualties, 38.9% are injured whilst boarding or alighting
(Boarding 14.1% Alighting 24.8%). Of these casualties 42.4% occur when the vehicle is
stationary and 57.6% when the vehicle is moving.
Boarding and alighting includes passengers being injured while stepping on or off the bus as
well as falling over whilst standing as they make their way from or to a seat. This can be seen
in the split between casualties when the bus is moving and when it is stationary. National
Accident data is collected by individual police officers at the scene of accidents. Therefore
there may be some overlap in the understanding of the definitions relating to standing as a
passenger and those boarding and alighting.
Operational Issues or Heavy Braking
Falls can occur from the mechanisms mentioned above but the operation of the vehicle can
also initiate a fall on a bus.
Caused by:
Acceleration, vehicle pulls away before passenger reaches seat,
Deceleration, passenger stands to get off bus before bus has come to a halt,
Vehicles sometimes need to turn sharply into and out of bus stops,
Emergency manoeuvres.
Due to timetable constraints the bus can often start to accelerate away before passengers,
especially the less mobile, have the time to reach a seat or find a place to stand safely and
hold on. Passengers can also feel under pressure to stand up before the bus has halted at a bus
stop as they fear that they will not be able to get off in time, or the driver may not stop
altogether.
Bus stops tend to be recessed which is good for traffic flow but if they are too small the sharp
steering motion of entering and exiting bus stops can unbalance passengers.

These factors can cause boarding and alighting passengers to lose balance and fall against
rigid parts of the bus interior.
The scenarios above are also relevant to standing passengers who haven't got a seat and
92.3% of standing passenger casualties are injured when the vehicle is moving. Standing
passengers account for 39.0% of all KSI non-collision passenger casualties.
The performance of buses in terms of engine power and braking is also improving which can
increase the likelihood of injuries occurring due to the operation of vehicles, as they can
accelerate and brake more quickly.
Possible solutions:
Occupants must not be standing when the bus is moving,
The vehicle must be smoothly driven with appropriate time-tabling.
The obvious solution to this would be to avoid all standing passengers and ensure that all
passengers are seated before the bus moves off from a stop. Likewise, alighting passengers
should remain seated until the bus stops. It would be difficult though to not allow standing
passengers when the use of public transport and buses is being promoted and operators want
to use their vehicles at full capacity when needed.
Another solution would be for the driver to avoid sudden manoeuvres, accelerate and brake
more smoothly. However the driver of a modern bus not only has to deal with road
conditions and ticket purchases but also has to keep to strict timetables.
Passengers on vehicles also have a duty to reach seats as quickly as possible. Drivers can't be
expected to wait if passengers are unnecessarily fussy about where they are sitting!
Driver Issues
In work carried out at ICE one operator said 90% of complaints from injured passengers put
the blame on the driver. But it is important to recognise workload is high due to:
•

high levels of traffic congestion,

•

pressure to keep to timetables,

•

single operator buses.

Since deregulation in Great Britain there is considerable commercial pressure to keep to
timetables due to fierce competition. Also in Britain we are starting to see traffic
commissioners banning operators from registering any more services and imposing fines if
operators are not running to time (ref. 6). Traffic congestion is much higher so to keep to
timetables drivers must not spend too long at bus stops. Also to keep up with modern traffic,
bus performance has improved in terms of acceleration and braking, which puts higher forces
on any unbalanced passenger.
In addition it is now uncommon to find a separate conductor on a bus, which means that the
driver has to deal with tickets, money and any unruly behaviour on the vehicle. This adds to
the driver's already stressful working conditions.
The authors would like to see research into the workload of drivers and detailed analysis of
the flexibility in bus timetables to examine whether longer stops are in fact an issue in the
profitability of the bus service.

Injury Causation
Poor Interior Design
What are the dangers when a passenger does slip, trip or fall? Why are injuries caused?
These pictures give examples of interior design that can lead to injuries when passengers
make contact with internal parts of the bus. These are typical of the bus fleet.

Figure 13.

Figure 14.

There are unprotected metal grab rails in the areas where seated passengers’ heads will
naturally fall forward and passengers’ upper extremities may hit if they fall over (figures 13
and 14).

Figure 15.

Figure 16.

Figure 17.

These pictures show ticket machines with very hard metal edges that a standing passenger
could easily fall forwards and hit, for example, during hard braking (figures 15 and 16).
Likewise a boarding passenger could trip and strike the machine. Generally ticket machines,
card readers, and bins are not integrated into the design of the bus, they appear to be bolted on
afterwards depending upon the requirements of the operator. This inevitably causes them to
encroach on the standing area.
Also shown is an example of the hard metal joints used for the interior grab bars (figure 17).

Example of a Non-Collision Casualty Case
Here is an example of what the authors feel is a problem with standing passengers, an
operational issue and poor interior design.
A 52 year old female passenger stood up on the bus intending to alight at the bus stop shown
here (figure 18). She had shopping bags in both hands.

Figure 18.

Figure 19.

Before reaching the stop a dog ran across the road causing the driver to brake heavily to a
halt. Figure 18 shows the bus in the position at which it came to a stop, so it can be seen that
the passenger stood up whilst the bus was a good distance from the bus stop. During the
braking action of the bus, the passenger fell forwards and received a fatal head injury from the
interior contact shown in figure 19.
The shape of the head impact can clearly be seen in the grill with the main injury caused by
an impact with the rigid metal surround.
New Legislation
Public Service Vehicles Accessibility Regulations legislate on guidelines from Disability
Discrimination Act (DDA), Disabled Persons Transport Advisory Committee (DIPTAC) bus
regulations.
Under the Public Service Vehicle Accessibility Regulations which have been in force in the
UK since January 2001 the previous guidelines of the Disability Discrimination Act (DDA)
have been adopted. These are in line with the European directive on bus safety. Generally
these guidelines make access on and off vehicles easier and vehicle interiors safer.
These have significant advantages on the ease of access for all passengers but especially the
less mobile. New buses will have low floor access, priority seats and crucially space for
wheelchairs and push chairs (figure 20). The improved overall design also includes straight
stairs on double-deckers (figure 21), better lighting and better visual marking (figure 22).

Examples of New Design

Figure 20.

Figure 21.

Figure 22.

The Continuing Relevance of Non-Collision Injuries
Even though new legislation has been introduced recently, Great Britain will still have older
buses for some time to come and all buses in service will not have to comply until 2015
(Coaches, 2020). In fact in 1999 the average age of the public service vehicle fleet in Great
Britain was 10 years old, with 10,000 being up to 18 years old. (ref. 4)
Therefore the authors believe it is very important to still consider the access issues raised in
this paper as they will affect bus users for at least another 10 years. Also whilst these access
regulations generally improve the interior design of the bus, interior contacts must be kept in
mind during the vehicle design.
In fact an unfortunate by-product of some of these regulations is that the number of seats are
reduced, which means that more people may be forced to stand or move upstairs, it is
therefore just as relevant to consider falls, especially from bus operation, on these new buses
as on older buses.

Conclusions
•

The majority of killed and seriously injured bus passenger casualties in Great Britain
(63%) occur when the vehicle is not involved in a collision.

•

It has been found that there is a high proportion of elderly female passengers in this
casualty population and when they are injured they have an increased risk of a serious
injury.

•

Legislation is changing the design of buses and the authors obviously support those
changes which make public transport more widely available. However legislation is
improving access for all, enabling more extremes of the population and therefore the less
mobile, to travel on buses. These people will be both more susceptible to falls, and to
injuries if they fall, whilst on the vehicle.

•

New regulations are in force but they do not place requirements on good operating
practice, also the vehicle fleet includes a large proportion of older vehicles and these new
bus designs will not be commonplace for many years to come.

Recommendations
•

Regulations have improved access but better interior design is needed, especially around
the ticket/driver area and near to the doors to minimise contact injuries. Maintenance
procedures should also ensure there is no compromise on safety.

•

There should be less pressure on operators and therefore drivers to achieve stricter
timetables in mounting congestion.

•

Systems need to be in place to ensure that drivers are aware that a seated passenger wishes
to alight at the next stop, and passengers need reassurance that the driver is aware they
wish to alight. Bell pushes to achieve this should be in easy reach of all passengers.

•

During busy times on busy routes it would be beneficial to have a conductor
accompanying the driver, collecting fares, helping passengers (especially with
wheelchairs) and dealing with unruly passengers, leaving the driver to concentrate on
driving.
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ANNEX
UK Definitions of Injury Severity
Fatal Injury
Fatal injury includes only those cases where death occurs in less than 30 days as a result of
the accident. 'Fatal' does not include death from natural causes or suicide.
Serious Injury
Hospital in-patient.
Examples of 'Serious' injury are:
Fracture,
Internal injury,
Severe cuts and lacerations,
Crushing,
Concussion,
Severe general shock requiring hospital treatment,
Detention in hospital as an in-patient, either immediately or after,
Injuries to casualties who die 30 or more days after the accident from injuries
sustained in that accident.
Slight Injury
Receive or appear to need medical treatment.
Examples of 'Slight' injury are:
Sprains,
Cuts judged not to be severe,
Slight shock requiring roadside attention.
(Persons who are merely shaken and who have no other injury are not included unless they
receive or appear to need medical treatment).
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Introduction

Road safety in urban areas is considered to be one of the major problems our society face nowadays
due to its social and economical impacts. Statistics show that accidents in urban areas are about 50%
of the total road accidents in the E.U. The problem is more crucial when considering the case of the
vulnerable road users (e.g., pedestrians and motorcyclists). In France, pedestrian fatalities represented
21% of all traffic fatalities in 1970 and 12% in 1995 [1]. Problems appear to be harder for the children
and the elderly pedestrians. The annual pedestrian fatality rate in Seattle, WA,U.S.A. [2] averaged
2/100.000 for all ages and both sexes and the age-specific rate varied between 1/100.000 for the 22-34
year age group to 1,5/100.000 for children under seven years and 7/100.000 for the ages 70 years and
older. In a survey which was carried out in Sussex [3] among elderly pedestrians who had been
involved in road accidents, 63% said that they did not see the striking vehicle before it hit them. In
New Zealand the mortality rate for motorcyclists is 3,5 per 100.000 persons per year or 9,6 per 10.000
registered motorcycles and is considered as high in comparison with the rate in other countries as for
example Great Britain where the respective rate was approximately 1,41 per 100.000 of population
[4]. The road accident data concerning E.U., U.S.A. and Canada for the year 1997 is presented in
Tables 1 (Persons killed including vulnerable road users) and 2 (Persons injured including vulnerable
road users).
As shown in Table 1 the pedestrians killed expressed as a percentage of the total persons killed in road
accidents are in the area of 10,4% (Belgium) to 27,5% (Ireland) for the E.U. countries while the
respective percentage in U.S.A. is 12,6% and in Canada is 13,1%. The respective figures concerning
cycles in E.U. are between 1,7% (Luxemburg) and 20,8% (Netherlands), 1,9% in the U.S.A. and 2,2%
in Canada. The respective figures concerning mopeds in E.U. are between 0,5% (U.K.) and 17,4%
(Portugal), 0,05% in the U.S.A. and 3,9% in Canada. Finally, the respective figures concerning
motorcycles in E.U. are between 1,8% (Finland) and 13,7% (U.K.), and 5% in the U.S.A. No direct
comparisons can be made since the number and use of cycles, mopeds and motorcycles varies between
countries. In all E.U. countries a number of 1.237.176 accidents took place involving personal injury,
while 41.737 is the total number of persons killed in the year 1997. The total number of pedestrians
killed in E.U. (Greece is excluded) is 6.049 in the same year. The percentage of the pedestrians killed
in E.U. (with the exception of Greece) is 15,3% of the total persons killed in road accidents.

Table 1: Persons Killed in E.U, U.S.A and Canada (year 1997)
Drivers and passengers killed
Country

Accidents
involving
personal
injury

Total
persons
killed

Austria
39.695
1.105
Belgium
50.078
1.364
Denmark
8.004
489
Finland
6.980
438
France
125.202
7.989
Germany
380.835
8.549
Greece
24.319
2.199
Ireland
8.496
472
Italy
190.031
6.226
Luxemburg
1.016
60
Netherlands
11.238
1.163
Portugal
49.417
1.939
Spain
86.067
5.604
Sweden
15.752
541
United
240.046
3.599
Kingdom
U.S.A
2.222.000
41.967
Canada
152.689
3.064
(a) included under the previous item
Source: [5]

Pedestrians
killed / (% of
the total
persons
killed)
156/ 14,1%
142/ 10,4%
87/ 17.8%
69/ 15,7%
929/ 11,6%
1.147/ 13,4%
130/ 27,5%
828/ 13,2%
8/ 13,3%
119/ 10,23%
422/ 21,8%
967/ 17,2%
72/ 13,3%
973/ 27%

Cycles / (%
of the total
persons
killed)
66/ 6%
122/ 8,9%
65/ 13,3%
61/ 13,9%
329/ 4,1%
679/ 7,9%
24/ 5,1%
397/ 6,4%
1/ 1,7%
242/ 20,8%
58/ 3%
116/ 2,1%
42/ 7,8%
183/ 5,1%

Mopeds / (%
of the total
persons
killed)
58/ 5,2%
68/ 5%
23/ 4,7%
16/ 3,6%
471/ 5,9%
169/ 2%
68/ 14,4%
651/ 10,5%
1/ 1,7%
88/ 7,6%
338/ 17,4%
440/ 7,8%
13/ 2,45
17/ 0,5%

Motorcycles
/ (% of the
total persons
killed)
111/ 10%
125/ 9,2%
23/ 4,7%
8/ 1,8%
831/ 10,4%
974/ 11,39%
(a)
482/ 7,7%
2/ 3,4%
92/ 7,9%
185/ 9,5%
460/ 8,2%
36/ 6,7%
492/ 13,7%

Car Passenger
/ (% of the
total persons
killed)
666/ 60,3%
844/ 61,9%
259/ 53%
247/ 56,4%
5.069/ 63,4%
5.249/ 61,4%
219/ 46,4%
3.454/ 55,5%
46/ 76,7%
547/ 47%
766/ 39,5%
2.993/ 53,4%
348/ 64,3%
1.795/ 49,9%

5.307/ 12,6%
403/ 13,1%

813/ 1,9%
67/ 2,2%

22/ 0,05%
120/ 3,9%

2.084/ 5%
(a)

21.989/ 52,4%
2.391/ 78%

Table 2: Persons Injured in E.U, U.S.A and Canada (year 1997)

Country

Total
persons
injured

Pedestrians
injured / (% of
the total
persons
injured)
4.542/ 8,8%
3.890/ 5,6%
922/ 9,6%
952/ 10,6%
19.152/ 11,3%
39.738/ 7,9%
1.629/ 12,4%
15.502/ 5,7%
133/ 8,9%
855/ 7,3%
9.189/ 13,8%
12.777/ 10,2%
1.312/ 6,2%
44.558/ 13,7%

Austria
51.591
Belgium
69.543
Denmark
9.617
Finland
8.957
France
169.578
Germany
501.094
Greece
32.667
Ireland
13.115
Italy
270.962
Luxemburg
1.498
Netherlands
11.718
Portugal
66.516
Spain
125.247
Sweden
21.280
United
323.945
Kingdom
U.S.A
3.400.000
78.000/ 2,3%
Canada
221.186
(a) included under the previous item
Source: [5]

Cycles / (% of
the total
persons
injured)

Drivers and passengers injured
Mopeds / (% of Motorcycles /
the total
(% of the total
persons
persons
injured)
injured)

Car Passenger /
(% of the total
persons
injured)

5.614/ 10,8%
7.297/ 10,5%
2.088/ 21,7%
1.279/ 14,3%
7.191/ 4,2%
71.988/ 14,4%
652/ 5%
9.156/ 3,4%
32/ 2,1%
2.518/ 21,5%
1.556/ 2,3%
2.527/ 2%
3.142/ 14,8%
24.402/ 7,5%

4.205/ 8,1%
7.312/ 10,5%
679/ 7,1%
466/ 5,2%
20.526/ 12,1%
17.796/ 3,6%
1.214/ 9,3%
49.478/ 18,3%
10/ 0,7%
2.187/ 18,7%
14.615/ 22%
20.425/ 16,3%
756/ 3,5%
2.201/ 0,7%

2.914/ 5,6%
3.359/ 4,8%
608/ 6,3%
391/ 4,3%
18.066/ 10,6%
41.226/ 8,2%
(a)
17.133/ 6,3%
79/ 5,3%
880/ 7,5%
5.026/ 7,6%
11.779/ 9,4%
852/ 4%
21.710/ 6,7%

31.864/ 61,8%
44.350/ 63,8%
4.571/ 47,5%
5.229/ 58,4%
98.259/ 57,9%
308.184/ 61,5%
8.346/ 63,6%
167.117/ 61,7%
1.099/ 73,4%
4.749/ 40,5%
30.632/ 46%
67.095/ 53,6%
13.934/ 65,5%
209.597/ 64,7%

58.000/ 0,02%
-

3.000/ 0,09%
-

51.000/ 1,5%
-

2.379.000/ 70%
-

2.

Evolution of Traffic Accidents with Vulnerable Road Users in Greece

Accidents involving pedestrians in Greece for the period 1981-95 represents the 22% of the total
number of road accidents for the same period. The percentage of pedestrians killed or injured
represents the 13% of the total number of persons killed or injured in the country within the examined
period [6]. Most of the accidents involving pedestrians concerns either children (0-14 years) or elder
people (45-64, 65+) while almost 90% of the accidents take place in urban areas [7]. Especially for the
pedestrians, their involvement in road accidents implies high possibility of death or severe injury.
From the analysis of the accidents involving pedestrians in Greece for the period 1981-1991 it resulted
that the number of deaths per 100 of casualties increased during the examined decade. Among the
main reasons for the involvement of pedestrians in road accidents is the relatively poor infrastructure
for their protection (e.g., pedestrian crossings, pedestrian streets etc.) together with the aggressive
driving behavior. From the pedestrian accident data analysis in a number of 25 intersections in
Thessaloniki for the period 1990-92 it was found that the most important parameters which influence a
pedestrian accident is the type of intersection, the lighting conditions, the pedestrian and vehicle flow
as well as the traffic composition and the geometric characteristics of the intersection [8]. Concerning
the accidents with motorcycle involvement it was found in a research undertaken by the University of
Thessaloniki in Northern Greece that in 76% of all cases the drivers were not wearing a protective
helmet [9]. The evolution of road accidents in Greece for the period 1993-96 and the evolution of
vulnerable road users accidents in Greece during the period 1994-96 is presented in Tables 3 and 4
respectively.
Table 3: Evolution of Road Accidents in Greece for the period 1993-96

Total number of accidents
Accidents including fatalities
Accidents including severe injuries
Accidents including light injuries
Total number of fatalities and injuries
Number of fatalities
Number of severe injuries
Number of light injuries
VRU* casualties
__rftsWidth1lbrdrb
VRU fatalities
VRU severe injuries
VRU light injuries
Two wheeler casualties
Two wheeler fatalities
Two wheeler severe injuries
Two wheeler light injuries
VRU casualties / Total number of fatalities and injuries
VRU fatalities / Number of fatalities
VRU severe injuries / Number of severe injuries
VRU light injuries / Number of light injuries
Two wheeler casualties / Total number of fatalities and injuries
Two wheeler fatalities / Number of fatalities
Two wheeler severe injuries / Number of severe injuries
Two wheeler light injuries / Number of light injuries

1994
23.892
1.833
2.437
19.622
34.135
2.076
3.387
28.672
3.275
909
1.965
401
2.289
484
1.453
352
0,096
0,438
0,580
0,014
0,067
0,233
0,429
0,012

1995
18.469
1.701
2.364
14.404
25.354
1.929
3.274
20.151
3.269
956
1.948
365
2.317
531
1.452
334
0,129
0,496
0,595
0,018
0,091
0,275
0,444
0,017

1996
12.685
1.009
1.471
10.205
16.476
1.113
1.888
13.475
1.764
529
1.051
184
1.227
280
772
175
0,107
0,475
0,557
0,014
0,075
0,251
0,409
0,013

VRU: Vulnerable Road Users
Source: [10]

Considering the accident involvement by type of motorcycle engine in Greece for the period 1985-93,
the type [ 50cc (mopeds) appear to have the smaller accident index (3,67/1.000 motorcycles) but they

contribute to more than 50% to the total number of two-wheel accidents [11]. The risk of death for the
ages up to 34 years increases as the power capacity of the motorcycle increases while for ages >34
years the risk decreases as the power capacity of the motorcycle increases [12].
According to the results of an extensive survey on traffic safety in the Athens Metropolitan Area
(A.M.A.) 29.277 road accidents took place during the period 1992-94, of which 3.019 accidents
included killed or injured persons [13]. As a result of these accidents 1.308 persons were killed and
2.292 were seriously injured. One third of the total number of road accidents took place in road
sections while the rest two thirds took place at intersections. There were 6.186 road accidents
involving pedestrians (21% of the total number of accidents) of which 958 led to fatalities or severe
injuries.
Within the framework of the General Transportation Study of the Thessaloniki Metropolitan Area
(T.M.A.) which was carried out in the period 1998-99 [14] an extensive survey on road accidents took
place. In Table 5 the general results of this survey for eleven municipalities are presented. As shown in
this Table, the percentage of accidents involving pedestrians is 19,3% (all eleven municipalities).
Especially for the municipality of Thessaloniki, which actually is the biggest municipality in terms of
area and population in T.M.A., the respective percentage is in the area of 22% for the period 1993-96.
Within only the boundaries of the municipality of Thessaloniki, the accidents involving pedestrians for
the same period represent the 71,3% of the total number of the specific type of accidents in the eleven
Municipalities (1321 out of 2104 accidents) and the 57,1% of the pedestrians killed. It must be
mentioned at this point that the respective percentage for the total number of accidents is 62,8%.
Generally, one out of five accidents concerns the pedestrians in the examined area of the eleven
municipalities. There are major arterial streets in the city which are characterized by an excessive
number of pedestrian accidents like Konstantinoupoleos in the Municipality of Stavroupoli where the
70,5% of all pedestrian accidents occurred in the Municipality took place in this specific road [15].

3.

Measures for the Protection of Vulnerable Road Users

As commonly expected, the provision of the adequate infrastructure for the pedestrians and cyclists
has a great influence on the number of this specific category of accidents. According to a survey in
Great Britain [16] a reduction of 18% in the total number of accidents occurred between the 3-year
period before and after the introduction of crossing facilities at 16 zebra crossings, 22 pelican
crossings and 19 refuges.
Many authorities at national, regional and local level have implemented specific measures in order to
reduce the number of accidents, putting emphasis on the case of vulnerable road users (e.g, in school
areas). Especially, during the last decade, a significant number of studies concerning road safety took
place in Greece, and as a result traffic calming measures (e.g., speed reduction measures) were
implemented.
As a result of the traffic accident survey in A.M.A [13], a number of proposals have been made to the
authorities concerning measures for the improvement of safety level and emphasis was put on the
protection of the pedestrians (e.g., traffic signal installations, parking prohibitions, proper signing,
construction of barriers at sidewalks, removal of bus stops from improper places etc.). Also in T.M.A.
emphasis was given to the improvement of safety level in “black spots” (spots with high concentration
of road accidents). In some cases pedestrianizations schemes were implemented in various
Municipalities in T.M.A., but not in major arterial streets, and thus the effect on the safety level for the
pedestrians was limited [17].

Table 4 : Evolution of Vulnerable Road Users Accidents in Greece during the period 1994-96
F(1)

Accidents with pedestrians
%
S.I(2)
%
L.I(3)

%

Accidents with bicyclists
%
S.I
%
L.I

F

%

F

Accidents with motorcyclists
%
S.I
%
L.I

%

1994
425 25,95 512 16,12
49
3,20
15
0,92
53
1,67
7
0,46 469 28,63 1400 44,07 345 22,55
1995
425 22,03 497 15,18
31
0,15
19
0,98
46
1,41
7
0,03 512 26,54 1405 42,91 327
1,62
1996 (4) 249 22,37 279 14,78
9
1,21
9
28
2
0,01 271 24,35 744 39,41 173
1,28
(1)
F : Fatal accidents, (2) S.I : accidents involving severe injuries, (3) L.I: accidents involving light injuries, (4) Data for seven months (January-July)
Source: [10]]

F

Total
S.I

L.I

909
956
529

1965
1948
1051

401
365
184

Table 5 : Evolution of Road Accidents in Thessaloniki Metropolitan Area during the period 1993-96
Municipalities

Thessaloniki
Kalamaria
Ampelokipi
EleftherioKordelio
Evosmos
Menemeni
Neapoli
Pilea
Stavroupoli
Polihni
Sikies
Total
%
Source: [14 ]

Total
no. of
accid.
373
68
24
13
28
16
13
9
41
9
14
608
-

1993
Pedestr.
accid.

No. of
deaths

77
9
2
4

7
2
0
1

Total
no. of
accid.
372
67
16
5

3
1
2
1
9
0
3
111
18,3

3
0
1
0
0
1
0
15
-

24
8
14
0
37
11
12
566
-

1994
Pedestr.
accid.

No. of
deaths

73
7
3
1

11
2
0
0

Total
no. of
accid.
318
58
24
17

1
2
6
0
8
3
2
106
18,7

0
0
0
0
3
0
1
17
-

17
12
19
4
45
3
5
522
-

1995
Pedestr.
accid.

No. of
deaths

81
8
3
1

11
2
0
1

Total
no. of
accid.
258
43
27
12

4
3
0
2
4
0
1
107
20,5

1
0
2
0
2
0
0
19
-

13
4
19
1
23
7
1
408
-

1996
Pedestr.
accid.

No. of
deaths

Intersections

58
8
2
0

3
0
0
1

619
147
55
31

1321
236
91
47

289/21,9
32/13,6
10/11
6/12,8

32
6
0
3

3
0
4
0
5
1
0
81
19,9

0
0
0
0
0
1
0
5
-

59
26
40
14
89
24
26
1130
-

82
40
65
14
146
30
32
2104
-

11/13,4
6/15
12/18,5
3/21,4
26/17,8
4/13,3
6/18,8
405
19,3

4
0
3
0
5
2
1
56
-

Total no.
of accid.

1993-96 Totals
Pedestr.
No. of
accid./ (%) deaths

Police enforcement also plays an important role in the effort to reduce the number of road accidents.
According to the police records [18] in A.M.A. there were 500.422 Highway Code violations
recordeded by the police (of which 178.100 speed limit violations) during the first seven months of the
year 2001 while the respective number for the year 2000 was 286.057 (of which 86.486 speed limit
violations). According to these figures there is an enormous increase in the number of Highway Code
violations from year 2000 to 2001 in the examined area. Helicopters and radars are used in order to
assist police effort for the supervision of the road network and also alcohol tests are performed very
often.
Among the basic actions in order to improve the safety level in the country is the operation of
candidates and tactical drivers’ training and examination centers. An extensive research has been
recently made in Greece [19,20] aiming at the design and operation of such centers in order to provide
all the necessary facilities for the proper training and examination of candidates and tactical drivers
(motorcycle drivers included). This effort was initiated by the Ministry of Transport and
Communications and nowadays a prototype center has been designed and its feasibility study was
performed for the city of Serres in Northern Greece [21]. The same Ministry established the National
Committee for Road Safety in 1999 and it designed the National Program for Road Safety. It must also
be mentioned that the National Technical University of Athens is responsible for the development of a
Strategic Plan for the improvement of road safety in Greece, 2001-2005 [22].

4.

Discussion

Accidents involving pedestrians in Greece represent the 22% of the total number of road accidents
while the percentage of pedestrians killed or injured represents the 13% of the total number of persons
killed or injured. In Athens Metropolitan Area 21% of the total number of accidents refer to
pedestrian accidents while in Thessaloniki Metropolitan Area the respective percentage is in the area
of 22%. Accidents involving motorcycles represent about 40% of all road accidents. Specific measures
in order to reduce the number of accidents were taken by the authorities and a significant number of
studies concerning road safety took place in the country during the last decade. Emphasis is put on all
three components of road safety (drivers, vehicles, road). Since the majority of pedestrian accidents
take place at major arterial streets, priority must also be put to improve the safety level at these road
sections. The establishment of the National Committee for Road Safety in 1999 was a basic step
towards the overall improvement of the safety level in the country.

References
1. Fontaine H., Gourlet Y., (1997), “Fatal pedestrian accidents in France: A typological analysis”,
Accident Analysis and Prevention, Volume 29, No.3, p.p.303-312.
2. Harruff R.C., Avery A., Alter-Pandya A.S., (1998), “Analysis of circumstances and injuries in 217
pedestrian traffic fatalities”, Accident Analysis and Prevention, Volume 30, No.1, p.p.11-20.
3. Sheppard D., Pattinson M.I.M., “Interviews with elderly pedestrians involved ir road accidents”,
Research Report 98, Transport and Road Research Laboratory, Department of Transport.
4. Langley J.D., Begg D.J., Reeder A.I., (1994), “Motorcycle crashes resulting in death and
hospitalisation. II:Traffic crashes”, Accident Analysis and Prevention, Volume 26, No.2, p.p.165171.
5. United Nations, Economic Commission for Europe, Transport Division, (1999), “1997 ECE Road
Accident Data”.
6. Papanagiotou J., Saratsis, (1994), “Pedestrian accidents in Greece – Time evolution and
geographical distribution”, Diploma Thesis, National Technical University of Athens.
7. DENCO, A.U.Th, (1998), “Safety for pedestrians and two-wheelers”, National Report-Greece,
WP 6, DUMAS project.

8. Pitsiava-Latinopoulou M., Georgiou G., (1998), “Pedestrian accident analysis at urban
intersections: The Thessaloniki case study”, Proceedings of the 2nd Pan-Hellenic Conference on
Road Safety, Volos, p.p.251-263.
9. Papaioannou P., Mintsis G., Taxiltaris C., “The cost of accidents in Greece”, Proceedings of the
3rd International Conference on Safety and the Environment in the 21st Century, Tel-Aviv, p.p.
494-505.
10. Papaioannou P., Basbas S., (1996), “Evaluation of traffic impact of two-wheel vehicles in urban
road networks. The case of Thessaloniki, Katerini and Rhodes”, Proceedings of the one day
Conference of the Hellenic Institute of Transportation Engineers on Two-wheel vehicles in urban
areas, Athens.
11. Handanos J., Frantzeskakis J., (1996), “The effect of power capacity to accidents involving
motorcycles”, Proceedings of the one day Conference of the Hellenic Institute of Transportation
Engineers on Two-wheel vehicles in urban areas, Athens.
12. Golias J., Yannis G., (1996), “Safety parameters for 2-wheel vehicles”, Proceedings of the one day
Conference of the Hellenic Institute of Transportation Engineers on Two-wheel vehicles in urban
areas, Athens.
13. Aifantopoulou G., Panagiotakopoulos D., Papandreou K., Klimis P., (1998), “Road network risk
analysis and tracking of black spots in Athens Metropolitan Area”, Proceedings of the 2nd PanHellenic Conference on Road Safety, Volos, p.p.207-224.
14. TRADEMCO, DENCO, Aggelidis J., TRUTh, INFODIM, SDG, WS-ATKINS, (1998), General
Transportation Study of Thessaloniki Metropolitan Area, Deliverable 10, Stage II, Thessaloniki,
1998.
15. Pitsiava-Latinopoulou M., Basbas S., Mustafa M., “Comparative analysis of road accidents in
cities of small and medium size”, Proceedings of the 1st Pan-Hellenic Conference on Road Safety,
Thessaloniki, p.p.119-138.
16. Daly P.N., McGrath F., Van Emst A.B., (1991), “Accidents at pedestrian crossing facilities”,
Contractor Report 254, Transport and Road Research Laboratory, Department of Transport.
17. Tsohos G., Pitsiava-Latinopoulou M., Basbas S., (1997), “Pedestrian and bicycle safety in central
urban areas in Greece”, Proceedings of the International Conference Traffic Safety on Two
Continents, Lisbon.
18. Traffic Police of Athens Metropolitan Area, Department of Coordination, Bureau of Statistics,
(2001), Traffic Accident Data Report, Athens.
19. Mintsis G. et.al. (1998), “Determination of the structural and operational elements of traffic
educational parks and examination centers for candidate drivers”, Final report, Thessaloniki:
Aristotle University of Thessaloniki, School of Technology.
20. Mintsis G., Vougias S., Papaioannou P., Pitsiava-Latinopoulou M., Taxiltaris C., Tsohos G.
(1998). “Road Safety: A serious parameter for the drivers’ ability certification”, Proceedings of the
2nd Pan-Hellenic Conference on Road Safety, Volos, p.p.317-332.
21. Mintsis G. et.al. (2001), “Research for the design of an operational plan for the prototype training
and examination center in Serres”, Final report, Thessaloniki: Aristotle University of Thessaloniki,
School of Technology, Faculty of Rural and Surveying Engineering.
22. National Technical University of Athens, Civil Engineering Department (Kanellaidis G.), (2000),
“Development of a Strategic Plan for the improvement of road safety in Greece 2001-2005”,
Project assigned by the Ministry of National Economy.

Modelling Pedestrians’ Crossing Behavior:
Some Empirical Evidence

by

Mohammad M. Hamed
Professor of Transportation Planning
Civil Engineering Department
Jordan University of Science & Technology
P. O. Box 3030
Irbid
Jordan
TEL: +962-079-661830
FAX: +962-6-4610793
E-mail: mhamed@go.com.jo

August 2, 2001

2

Abstract
This paper presents a methodology for studying pedestrians’ behavior at pedestrian crossings.
The developed mathematical models are empirically tested using pedestrian data collected at a
number of pedestrians crossings in Amman. Estimated models include waiting time at the
curbside and the number of crossing attempts needed by the pedestrian to make a successful
crossing. From a broad range of road user and roadway factors, the strongest and most
significant predictors which influenced the pedestrian’s waiting time (delay) and the frequency
of attempts to cross the streets were gender, age, number of children in household, crossing
frequency, number of people in the group attempting to cross, access to private vehicle,
destination, home location in relation to pedestrian crossing, and pedestrian past involvement in
traffic accidents. In addition to these predictors, maximum likelihood estimates revealed that the
pedestrian expected waiting time seems to profoundly influence the number of attempts needed
to successfully cross the street.
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1. Introduction
Studies concerning accidents involving pedestrians have addressed a number of essential
issues. These issues include delay at pedestrian crossings (see Griffiths et al. (1984)), drivers and
pedestrians behavior and interaction at pedestrian crossings (see Varhelyi (1998), Katz et al.
(1975), Himanen and Kulmala (1988), Song et al. (1993), Cresswell and Hunt (1979), Griffiths
et al. (1976), Fegan (1978), Landles (1983)). A number of factors have been considered in these
studies including: factors relating to physical environment (e.g. road width, existence of a central
refuge at the crossing), road user variables (e.g. age, gender, socioeconomic characteristics,
marital status), and the number of pedestrians in the group attempting to cross. Some of these
factors turned out to influence the pedestrian’s decision to cross the roadway.
Griffiths et al. (1984) developed models that describe delays at sites without a central
refuge and with effectively a single stream of vehicles in each direction. The paper addressed the
issue of delay at pedestrian crossings where the major source of delay is attributed to the
interaction between vehicles and pedestrians. The study reported that most drivers were prepared
to stop when a pedestrian occupied or was approaching their part of the roadway. Young
children and elderly pedestrians were likely to step onto the roadway when it was clear that a
driver had yielded right of way or if the road was clear of approaching vehicles. The study
indicated that as vehicle delay increases, drivers become more aggressive, taking advantage of
very small gaps, in pedestrian flow across the pedestrian crossing. Katz et al. (1975) reported
that drivers slowed or gave the right of way more often for crossing pedestrians as a group,
rather than as an individual.
Himanen and Kulmala (1988) specified and estimated a discrete choice model aiming to
study the encounters between drivers and pedestrians at pedestrian crossings. The study
addressed the problem by considering the prevailing choices of both drivers and pedestrians.
Taking a variety of pedestrian’s, environmental, and traffic conditions into consideration, the
probabilities of a driver braking or weaving and of a pedestrian continuing to cross in response to
an encounter were identified. The data were collected through a video camera, as such,
information relating to pedestrian’s type of trip in pursuit and socioeconomic characteristics
were not gathered. The study reported that safety margins exists when the speed of the
approaching vehicle is low. For example, if the speed of the vehicle 20m prior to the pedestrian
crossing is 50kmph, there is no safety margin in the encounter. The study indicated that the most
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important explanatory variables were, number of pedestrians in the group, city size, vehicle
speed, vehicle platoon size, and pedestrian distance from curb.
In Jordan, drivers’ inclination to slow down and give way to pedestrians at pedestrian
crossings is very low. Pedestrians usually wait at the curbside with the knowledge that drivers
are not willing to stop and give them the right of way. As such, they try to force their way across
hoping that drivers will slow or stop. This crossing paradigm is likely to increase the pedestrians’
waiting time (delay) and therefore the potential for pedestrian accident involvement is increased.
In making recommendations to reduce pedestrian accidents it is essential to study behavioral
aspects of pedestrians at pedestrian crossings.
In this paper, the pedestrian’s waiting time (delay) at the curbside is modeled by the risk
function. If a pedestrian attempted to cross the road and was successful then this means that the
waiting time at the curbside has ceased. If on the other hand the attempt was not successful, then
the waiting time has not ceased and the pedestrian has to make more attempt(s) to cross the road.
It is hypothesized in this paper that as the number of crossing attempts increase, pedestrians in
turn are likely to be bold and thereby force approaching vehicles to brake (i.e. increase the risk of
crossing).

2. Data Collection
In Jordan, the inclination of drivers to give way to pedestrians at pedestrian crossings is
very low. According to 1997 figures, pedestrian accidents accounted for 15% of the total
accidents in Jordan. In addition, 35% of total traffic-related injuries and 42% of traffic-related
fatalities involved pedestrians. In the capital city of Amman, 54% of fatalities (all fatalities
resulting from all types of accidents) are attributed to pedestrian accidents. Moreover, 52% of
pedestrian accidents causation is due to drivers not yielding the right-of-way to pedestrians.
Pedestrians attempting to cross pedestrian crossings were observed at ten mid-block
pedestrian crossings located in urban settings with level terrain in Amman. The crossings were
selected provided that an approaching driver would be able to observe a pedestrian at the
pedestrian crossing well in advance. At pedestrian crossings, each pedestrian was monitored
from the time he/she arrived at the crossing until he/she had successfully crossed the street. The
arrival and the departure time (time the pedestrian stepped off the curb with the intention of
crossing) for each pedestrian were recorded. The waiting time for each pedestrian was taken as
the difference between these two times (curbside delay). The pedestrian monitoring process was
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discrete in order not to influence pedestrian behavior at the pedestrian crossing. Once the
pedestrian had successfully crossed, he/she was asked a set of questions.

3- Model Formulation

3.1 Pedestrians’ waiting time (delay)

The distribution of pedestrians’ waiting time (t) on pedestrian crossing, considered as a
random variable, is characterize in this paper by the risk function ξ(t). This risk function gives
the instantaneous failure rate (ending the waiting time at the curbside) if the pedestrian has not
crossed successfully the street to time t. The pedestrian’s waiting time is assumed to depend on
exogenous variables. As such, the risk function can be stated as,

ξ (t |R )= lim Pr[
t ≤ T < t + ∆t T|≥ t R , ∆] t/
∆t ↓ 0
where R is a column vector of exogenous variables. Since all pedestrians were observed to
complete the duration of crossing, observations are said to be non-censored. The probability
density function ((t)) can be stated as (see Andersen (1991)),

t

Φ(t ) = ξ (t |R ) exp[
− ò ξ s( ds
) ]
0

One of the popular mathematical models used for analyzing waiting time data is the Cox
proportional hazards model (see Andersen (1991), Cox (1972)). In the context of this model, the
risk function at time t for pedestrian i can be written as,

ξ (t , Ri ) = ξ (t ) f ( Ri , χ )
where ξ (t ) is referred to as the underlying risk or hazard, ƒ(., .) is some non-negative function,
and χ is a row vector of unknown parameters. In the context of pedestrians crossing streets, the
Ri is time-independent. This issue will be discussed later. Allowing ξ (t ) being quite general has

the advantage of providing reasonably good relative efficiency for the estimation of R without
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having to make assumptions about ξ (t ) . To model the association between vector of predictors
R and the waiting time t, the Cox proportional hazards model can be written as,
N

å χi Ri
ξ (t |R )= ξ t( e)i =1

with 0 ≤ ξ (t|R) <∞

where R={R1, R2, R3, …, R N). Clearly, the above model gives an expression for the risk at time t
for a pedestrian with a given specification of a set of predictors (R). That is, the vector R
represents a collection of variables that is being modeled to predict a pedestrian’s risk. The
exponential expression describes the risk of failure for pedestrian with regression variable R
relative to that at a standard value R = 0 (at all time points).
Maximizing the likelihood function derives the maximum likelihood estimates of the
model’s parameters. The partial log-likelihood (lnL) is defined as the sum of the pedestrian
likelihoods. Let Ci represents pedestrians ending their waiting time at the same time ti. To
account for ties in the data, the partial log-likelihood function can be written as,

N

ln L = å [ Ψ ' å R j − Ci ln å e
i =1

j ∈Ti

Ψ'R j

]

j ∈k j

where ki represents the index set of pedestrians with crossing duration greater than or equal to ti.
As such, for every pedestrian j in the set ki, tj ≥ Ti, where the T’s are the pedestrian times to cross
the street. The partial log-likelihood is maximized using Newton’s iterative method.

3.2 Number of crossing attempts

Pedestrians at the pedestrian crossing usually make a number of attempts before
successfully crossing the street. They carry out these attempts because drivers on average do not
give way to pedestrians. Pedestrians will remain on the sidewalk (except for risk takers), wait,
and make further attempts to cross the street. It is assumed that the number of attempts, a
random variable, is influenced by a complex interaction of variables. The objective is to model
the number of attempts it takes a pedestrian to successfully cross the street.
In accounting for the randomness of traffic disruption, the obvious choice for the
distribution of the number of attempts (P) is the Poisson distribution with parameter δ. Observed
number of trials made by pedestrians show that the mean and the variance are not the same but
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they do not widely differ. As such, both the Poisson and the negative binomial models will be
estimated.
The Poisson probability Pr (Pi) of pedestrian i making P attempts to cross the street can
be given as,

Pr ( Pi ) =

exp( −δi )δi Pi

( Pi )!

Where δi is the Poisson model parameter for pedestrian i which will be a function of measured
external factors (vector ℜ). Formally, this parameter can be written as,
ln(δi) = τ ℜi
where τ is a vector of estimable parameters. These parameters are estimated from the likelihood
function for N observed pedestrians. Formally, the likelihood and log-likelihood functions can
be written respectively as,

N

L(υ ) = ∏
i

exp[ − exp(υℜ i )][exp(υℜ i )] Pi
( Pi )!

N

ln L(υ ) = å [ −δi + Pi (υ ' ℜ i ) − ln( Pi )!]
i =1

and the likelihood equations are

N

∂ ln L(υ ) / ∂υ = å [ Pi − δi ] ℜ i = 0
i =1

4. Empirical Results
Table 1 shows the maximum likelihood estimation results of the pedestrian’s waiting
time at pedestrian crossings. The likelihood ratio test clearly demonstrates the overall goodnessof-fit of the estimated waiting time model. The statistical significance of each individual variable
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is given by the t-ratio. All included variables are statistically significantly different from zero at
the 5 or the 10% level (one-tailed test).
Estimation results show that pedestrians who were involved or witnessed pedestrian
accident(s), have a lower risk of ceasing their waiting time at pedestrian crossings. In other
words, these pedestrians have higher waiting time. In addition, female pedestrians, pedestrians
with children, pedestrians who own and drive private vehicles, and older pedestrians are not
likely to accept higher risk and end their waiting time at the curbside. Griffiths et al. (1984)
reported that elderly pedestrians were only prepared to step onto the roadway when it was clear
that a driver had yielded the right of way or the road was clear of approaching vehicles.
Pedestrians who own and drive private vehicles have a greater perception of risk than nondrivers. On the other hand, the waiting time at pedestrian crossings seem to decrease if the
pedestrian is destined to work, low vehicle headway, frequently uses the pedestrian crossing, and
the number of people n a group attempting to cross is high. These results support the notion that
when pedestrians are in a hurry to get to the work place they are more likely to accept higher risk
and end their waiting time. Furthermore, pedestrians waiting time is likely to decrease with
increased pedestrian flow as more pedestrians are able to take advantage of an established
pedestrian precedence. Griffiths et al. (1984) and Himanen and Kulmala (1984) reported similar
outcomes. Katz et al. (1995) indicated that drivers give the right of way more often for crossing
pedestrians as a group, rather than as individuals.
One advantage of the proportional hazards model is that it can take both indicator and
continuous variables. To assess the effect of included variables on the waiting time at pedestrian
crossings, the hazard ratios for both indicator and continuous variables are computed. Table 2
shows estimates of hazard ratios and their corresponding 95% confidence intervals for indicator
variables for pedestrians crossing undivided streets. Estimates show that pedestrians who had
never been involved or witnessed a pedestrian accident are 3.21 times more likely than those
who have witnessed or were involved in a pedestrian accident to have shorter waiting times at
pedestrian crossings. In addition, pedestrian who have no access to private cars are 2.4 times
more likely than those who own and drive private cars to have shorter waiting times at pedestrian
crossings.
Pedestrians who are destined to work are 1.84 times more likely than those who are
destined to other places to have shorter waiting times. Male pedestrians are 2.61 times more
likely than female pedestrians to have shorter waiting times. Finally, pedestrians who frequently
use pedestrian crossings are 1.34 times more likely to have shorter waiting times at pedestrian
crossings.
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Table 3 shows the Poisson regression maximum likelihood estimation results for the
number of pedestrian’s attempts to successfully cross the street. Both the Poisson and the
negative binomial regression models were estimated. Estimation results showed that the negative
binomial dispersion parameter is not significant (t-ratio = 0.878). The insignificance of the
dispersion parameter clearly rules out the adoption of the negative binomial regression model
and gives support to the Poisson regression model.
The pedestrian’s expected waiting time turned out to have a profound impact on the
number of attempts required to cross the street. As the pedestrian’s waiting time increases so
does the number of attempts required for a successful crossing. This clearly supports the notion
that, the longer pedestrians wait the more they attempt to cross the street i.e. eventually they try
to be bold in hopes of forcing approaching vehicles to brake as they cross. However, most of the
time they are not successful, as such they continue to make more attempts until they have
successfully cross the street. Pedestrians who frequently cross pedestrian crossings, come from
work and are destined to home, live nearby the pedestrian crossing, single, and are aged between
20 and 30 years make fewer attempts to accomplish a successful crossing. However, pedestrians
attempting to accomplish a successful crossing during the morning peak hour (between 7:00 am
and 8:00 am) are likely to require a greater amount of attempts. This is expected and reflects the
lack of acceptable and safe gaps between vehicles as perceived by pedestrians. The positive sign
of approaching traffic volume supports this. Griffiths et al. (1984) reported that pedestrians have
difficulty in establishing precedence when traffic is heavy and fast moving.
Results in Table 3 also show that the type of approaching vehicle seem to significantly
influence the number of attempts needed to cross the street. Pedestrians are likely to end their
waiting and hence number of attempts if the approaching vehicle was a large bus. However, if
the approaching vehicle was a passenger vehicle, then the pedestrian is likely to have a greater
number of attempts in order to achieve a successful crossing.

5. Summary and Conclusion
This paper introduces a methodology, combining duration and count models to study the
behavior of pedestrians at pedestrian crossings located at undivided urban streets. Findings from
this paper is partly supplemented those found in previous research that is based on other
theoretical derived models, in particular, those with a specifically attitudinal focus.
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Proportional hazard models are specified and estimated to identify the determinants of
pedestrians waiting time (delay) on pedestrian crossings. In addition, Poisson regression models
are specified and estimated to model the number of attempts required for successful crossing.
Estimated Poisson regression models clearly indicate the inappropriateness of the negative
binomial regression structure to model the frequency with which pedestrians cross the street. The
pedestrian’s expected waiting time was included in the number of attempts model.
Estimation results for undivided streets suggest that predictors that are likely to make
pedestrians accept higher risk and end their waiting time and other predictors that are likely to
lower the risk and end their waiting time at pedestrian crossings. For example, pedestrians who
frequently use a certain pedestrian crossing and who live nearby the crossing are likely to accept
higher risk and end their waiting time at the pedestrian crossing. On the other hand, the
pedestrian’s past involvement in a traffic accident seem to inhibit the pedestrian from accepting
higher risk to end their waiting time (i.e. they have higher waiting time than those who had no
previous involvement). Furthermore, pedestrians who have access to private vehicles seem to be
more aware of the risk involved. Therefore, they are more cautious of time needed before
crossing. In addition, results reported in this paper clearly indicated that the pedestrian’s
expected waiting time has a profound impact on the number of attempts required by the
pedestrian to make a successful crossing. It seems pedestrians are more sensitive to the waiting
time than number of attempts.
The results indicate that approaching traffic volume and vehicle speeds are instrumental
in determining the pedestrian waiting time (delay) and the number of crossing attempts. Thus,
punishment programs directed at drivers by traffic law enforcement are likely to be instrumental
in suppressing undesired risky behavior. Measures such as small fines for offending drivers are
not likely to be good deterrent for offenses (see Groeger and Rothengatter (1998)). Repeated
offenders at pedestrian crossings should be subject to having their driver license revoked. In
addition, these drivers should attend specially designed pedestrian-oriented compulsory training
courses. Pedestrians should be targeted through educational and public information campaigns to
deter pedestrians from engaging in risky behavior and to promote safe road crossing behavior.
Such programs could be applied through mass media messages. Groeger and Rothengatter
(1998) reported that educational programs for road crossing skills proved very effective. It is
hoped that this piece of work will increase the sophistication of measurement in this area to
better understand pedestrians’ behavior on pedestrian crossings.
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Table 1. Pedestrians’ waiting time at pedestrian crossing on undivided urban streets.
Variable
If the pedestrian was involved or have wetness an accident (1 if yes, 0 otherwise)
If the pedestrian owns and drives a car (1 if yes , 0 otherwise)
Number of people in the group attempting to cross
Destined to work (1 if yes, 0 otherwise)
Vehicle time headway (in seconds)
Number of children in household
Gender (1 if female)
Age in years
Crossing frequency (1 if frequently, 0 otherwise)

Coefficient / t-ratio
-1.1640 / -2.350
-0.877 / -2.467
1.858 / 2.133
0.612 / 1.600
1.688 /1.939
-0.364 / -1.823
-0.959 / -3.071
-0.184 / -2.524
0.291 / 1.303
-398.004
64.089
0.0000

Long - likelihood convergence model
Chi-squared ( k=9) model
Significance level model
Log - rank test with 9 degrees of :
- Chi-squared value
- Probability

49.089
0.0000

Table 2. Estimates of hazard ratios for pedestrians crossing undivided streets
Indicator variable

Hazard ratio

95% Confidence interval

If pedestrian was involved or witnessed an accident

0.312

0.118 - 0.824

If a pedestrian owns or drives a car

0.416

0.208 - 0.834

If a pedestrian is destined to work

1.844

0.871 - 3.907

Gender (1 if male)

0.383

0.208 - 0.707

Crossing frequency (1 if frequently)

1.338

0.864 - 2.071

Table 3. Number of crossing attempts on undivided urban streets via Poisson regression
Variable
Constant
Natural Logarithmic of pedestrian waiting time ( from Table 1)
Crossing frequency (1 if frequently , 0 otherwise)
Approaching traffic volume (veh/min)
Approaching vehicle speed (1 if between 40 and 60 Km/h, 0 otherwise)
Origin (1 if coming from work and destined to home)
Living nearby (1 if yes, 0 otherwise)
Time of day (1 if between 7:00 am and 8:00 a, 0 otherwise)
Martial status (1 if single, 0 otherwise )
Age (1 if between 20 and 30 years, 0 otherwise)
Type of approaching vehicle (1 if large bus , 0 otherwise)
Type of approaching vehicle (1 if passenger car , 0 otherwise)
Log - likelihood at convergence =
Chi-squared (k=11) =
significance level =

Coefficient / t-ratio
-6.716 / -1.368
0.866 / 2.434
-1.001 / -2.039
-0.003 / -1.531
-0.391 / -1.651
-0.552 / -1.774
-0.327 / -1.596
0.305 / 2.221
-0.095 / -2.145
-0.554 / -2.200
-0.090 / -2.460
0.153 / 1.713
-142.385
84.550
0.0000
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Abstract
In this article we want to indicate how police officers should divide their time between two legal
instruments: on the one hand, the law that prohibits drink driving (law of 18 July 1990) and, on the
other hand, the new law prohibiting driving under the influence of certain well-defined illegal
drugs (law of 16 March 1999). We base this time allocation on the assumption that police forces
have limited resources. If drink driving exerts a different influence on road safety than driving
under the influence of illegal drugs, then a well-founded complementary system must be
developed for implementing the two laws. For this reason, we have created a theoretical
framework as the core of a decision tree. The framework is based on a literature survey of three
major concepts regarding drink driving and driving under the influence of illegal drugs (extent of
the two phenomena, accident risk and accident consequences) and a thorough evaluation of the
two laws in question. The decision tree is a tool that helps to translate theoretical implications into
a real-world, efficient police enforcement strategy. In short, our decision tree favours a differential
approach to drink driving and driving under the influence of illegal drugs, as the literature survey
reveals that there are significant differences between the problem of drink driving and the problem
of driving under the influence of illegal drugs.

Keywords: efficient police enforcement strategy, decision tree, drink driving, driving under the
influence of illegal drugs

Introduction1
Over the last ten years, the law of 16 March 1968 on the policing of road traffic, the so-called roadtraffic law, has been radically modified in order to achieve better police and judicial methods for
tackling drink driving and driving under the influence of illegal drugs.
With the law of 18 July 1990 amending the law on policing road traffic, which came into force on 1
December 1994, the legislation regarding drink driving and its detection was radically modified. The
most important innovations that the law of 18 July 1990 introduced were that the blood test was in
most cases replaced by electronic analysis of exhaled air; the current breath test was replaced by a test
using a new device; the punishable alcohol level was lowered to 0.5 gram per litre of blood or 0.22
milligram per litre of exhaled alveolar air; and the penalty for driving under the influence (from 0.8
gram per litre of blood, or 0.35 milligram per litre of exhaled alveolar air) was raised.
In 1999 the law on the policing of road traffic was radically revised once again, this time by the law of
16 March 1999, which came into force on 9 April 1999. This amendment concentrated on the problem
of adequately tackling drivers or operators of vehicles or riding animals, under the influence of
specific illegal substances in a public place. These illegal substances are cocaine, opiates,
amphetamines and designer amphetamines, and cannabis derivatives. The most significant innovation
of this law is that it remedies the status of immunity from prosecution of drivers or operators of
vehicles or riding animals who are using illegal drugs, but still seem to have control over their actions
(Glorieux, 1999). Before the new law came into force, the driver/operator was only punishable if he
1
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was in a “state equivalent” to drunkenness. The Court of Cassation clarified this as “the condition
where a person has lost permanent control over his actions, without having lost consciousness”.
Henceforth, as a driver or operator of a vehicle or riding animal, you are also punishable if you have at
least one of the illegal drugs specified in the new law in your body, and the amount present exceeds a
legally specified limit. The law provides a three-stage detection system for checking for the presence
of such substances and their quantities. First, a standardised battery of tests is used to look for outward
signs of intoxication on the suspect’s driving skills by one of the substances. This battery of tests still
has to be regulated. If the tests confirm the outward signs, a urine sample is taken as a second stage.
This sample is subjected to a qualitative immunoassay to detect the presence in the body of at least one
of the substances listed in the law. If this urine analysis proves positive, then a third stage involves the
suspect’s undergoing a blood test. It is the blood test that will determine whether the punishable level
of the substance in question has been reached. To have legally valid evidence on the matter, all three
stages must be gone through.
In this article we want to indicate how police officers2 should divide their time between two legal
instruments: on the one hand, the law that prohibits drink driving (law of 18 July 1990) and, on the
other hand, the law prohibiting driving under the influence of illegal drugs (law of 16 March 1999).
We based this time allocation on the assumption that police forces have limited resources. For
example, empirical research revealed that the number of roadside tests in Belgium is much too low to
reduce the problem of drink driving (Vanlaar, 1999). If drink driving exerts a different influence on
road safety than driving under the influence of illegal drugs, then a well-founded complementary
system must be developed for implementing the two laws. For this reason, we have created a
theoretical framework as the core of a decision tree. The framework is based on a literature survey of
three majors concepts regarding drink driving and driving under the influence of illegal drugs (extent
of the two phenomena, accident risk and accident consequences), and on a thorough evaluation of the
two laws in question. The decision tree is a tool that helps to translate theoretical implications into a
real-world, efficient police enforcement strategy.

The Effect of Alcohol and Illegal Drugs on Road safety3
The Extent of Driving under the Influence of Alcohol and Illegal Drugs
Vanlaar (2000) used a roadside survey to calculate a 95% confidence interval for the extent of drink
driving in Belgium. During September, October and November 1998, drivers were subjected to
random tests on Saturday nights between 10.00 p.m. and 4.00 a.m. The lower limit of this interval was
8.4%, the upper limit 9.4%. Although such a survey is the best way to determine the extent of drink
driving, (Maxim, 1989), we expand the aforementioned results with a number of other indirect
measures that can give an indication of the extent of drink driving. Thus, research has shown that there
is a positive relationship between per capita consumption and the extent of drink driving (Mann &
Anglin, 1990): the greater the per capita consumption, the greater the extent of drink driving. In
2
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Belgium, the per capita consumption in 1997 was 8.9 litre pure alcohol. This figure indicates an
general decline compared with 1985. In 1997, Belgium took thirteenth place in the world ranking of
alcohol consumption (De Donder, 1999).
As far as Belgium is concerned, there are as yet no representative results for the extent of driving
under the influence of illegal drugs. The data are mainly the result of non-representative police checks.
Although we applaud such actions in the context of police supervision, we still place some question
marks on its value as an objective measurement tool.

The Accident Risk associated with Driving under the Influence of Alcohol and Illegal
Drugs
Borkenstein was a pioneer with regard to calculating the accident risk when one of the drivers is under
the influence of alcohol. In 1964, he wrote the “Grand rapids study” (Borkenstein & Crowther, 1964),
which is still much cited in the literature. He found that drivers with a blood alcohol level of 0.1 pro
mille to 0.4 pro mille have no greater likelihood of being involved in an accident than sober drivers.
Above 0.5 pro mille, the likelihood increases substantially: for example, when the alcohol level is
between 1.4 pro mille and 1.6 pro mille, the likelihood of an accident is 25 times greater. The “Grand
Rapids study” was refined in later research. H.P. Krüger (1995a) investigated the relationship between
the risk of causing an accident and the blood alcohol level.
Although the literature on the accident risk associated with drink driving is quite extensive, literature
on risk data associated with driving under the influence of illegal drugs is much thinner on the ground.
Because of this, the knowledge we have on the effect of illegal drugs on the risk of an accident is not
yet unequivocal (European Transport Safety Council, 1999)4. Haworth and Vulcan (1997) did
investigate the risk of a single vehicle accident of driving under the influence of alcohol and cannabis,
but were not in a position to be able to estimate the effect of cannabis separately. However, they did
find that drivers under the influence of cannabis were usually under the influence of alcohol as well.
Notwithstanding the scarcity of scientific findings, some significant data are available on the
relationship between the use of illegal drugs and road safety. Krüger et al. (1995b) studied 69
epidemiological investigations on alcohol and drugs and driving. They found that the average
percentages of positives for alcohol and illegal drugs were 7 and 15 times higher, respectively, in a
group of injured drivers than in a random sample of drivers. In 1981 Terhune et al. (1981) investigated
the role of alcohol, marihuana and other drugs in accidents where drivers are injured. These analyses
revealed that it is principally alcohol and marihuana that pose a threat to road safety. Other drugs, such
as cocaine and narcotics, were found to a much lesser degree in this group of drivers.

The Severity of Injuries in Road Accidents resulting from Drink Driving and Driving
Under the Influence of Illegal Drugs
Experimental research with animals into the effect of alcohol on the severity of the injuries incurred in
a road accident showed that there is a positive, causal relationship between the degree of alcohol
intoxication and the severity of the trauma. The results have been confirmed for both acute and
chronic intoxication (Anderson, 1986; Benveniste & Thut, 1981; Brodner et al. 1981; Flamm et al.
1977; Gettler & Allbritten, 1963; Liedtke & De Muth, 1975). According to Soderstrom et al. (1987)
4
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metabolic and organic dysfunction resulting from acute and chronic alcohol use increase morbidity
and mortality in victims. Warren et al. (1981) examined the role of alcohol in road accidents in Canada
on the basis of two investigation groups5. The research results confirmed the theory that had been
constructed from experiments: the more alcohol in the blood, the more severe the injuries. House et al.
(1982) reported that higher blood alcohol levels are associated with a greater likelihood of serious
injury or death. Following on from this finding, Waller et al. (1985) published an investigation in
which more than one million accidents were studied in detail. They found that drivers under the
influence of alcohol have a greater likelihood of suffering severe injuries or death. In 1997, Waller et
al. (1997) - partly on the basis of the above - came to the general conclusion that drink driving
unambiguously leads to more severe injuries.
As far as the effect of illegal drugs on the severity of injuries in a road accident is concerned, we are
disappointingly short on data: we could find no reports of any experiments to investigate such a
relationship. In a fairly recent publication, Waller et al. (1997) made no mention of any laboratory
research into the matter. What has been investigated is the question of whether there are any
differences in the severity of injuries incurred in a road accident when the influence was due to either
alcohol or drug use. Stoduto et al. (1991) said their research showed the answer to this question to be
negative. However, contrary to Stoduto et al., Waller et al. (1997) did find a difference. From their
research, they came to the conclusion that drink driving is associated with more severe injuries but that
this is not the case for driving under the influence of illegal drugs (marihuana, opiates and cocaine):
the research of Waller et al. revealed that road-accident victims who were under the influence of
illegal drugs fell into the same category of accidents as sober drivers. Data on Belgium is available in
the Belgian Toxicology and Trauma Study (Belgian Society of Emergency and Disaster Medicine
(BESEDIM), Toxicological Society of Belgium and Luxembourg (BLT), Belgian Road Safety
Institute (IBSR), s.d.), carried out in 1995-1996. This study confirmed that alcohol and drug
intoxication are associated with greater morbidity and mortality.

Conclusion
The scientific investigations cited show us that both alcohol and illegal drugs potentially have an
extensive influence on objective road safety. In Belgium - but not only here - however, there is a great
lack of information, preventing relevant detailed questions being answered on the relationship between
the use of such substances and road safety. This is particularly so with regard to illegal drugs. It would
therefore not cut any ice for us to conclude that the impact of illegal drugs on road safety is any greater
or less than that of alcohol, on the basis of the partial information that is available. However, what
may be concluded is that the legislature is justified in enacting the law of 16 March 1999, given the
undeniably adverse influence of the use of illegal drugs on objective road safety. With this,
additionally, the legislature links in with the findings of the Sartre survey (De Oliveira & Quimby,
1998) of a thousand drivers per country in the European Union: 58% of the Europeans questioned
considered that illegal drugs cause accidents, 61% of the Belgians surveyed were of that opinion.
Legal regulations on the detection and establishment of the use of illegal drugs when driving was also
necessary from a judicial standpoint. Before the enactment of the law of 16 March 1999, police forces
were already carrying out urine tests and blood analyses on their own initiative in districts around
large dance halls and on drug-traffic routes, based on the conviction that use of illegal drugs has an
5
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discrepancy lay in the methodology peculiar to the epidemiological research.
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adverse effect on road safety. Since such tests were carried out without any legal basis, any “evidence”
obtained from them was often labelled as unlawful and could not be used in court. The law of 16
March 1999 rectifies this fundamental problem.

Evaluation of the Legal Armamentarium for Detecting and Establishing the
Use of Alcohol and Illegal Drugs amongst Drivers
A first general comment is that the legal armamentarium for detecting intoxication from the use of
specific illegal drugs amongst drivers has not been hitherto greatly used. One reason for this is that the
test battery, the first stage in the detection process, and its application have not yet been fully finalised.
The College of Procurators General has still not yet issued any guidelines on how the test battery
should be made up and administered, so that vagueness rules due to a lack of regulations. Legislation in the form of guidelines from the College - is urgently needed. More specifically, a process needs to
be drawn up that is uniform throughout Belgium and preferably for the whole of Europe, laying down
what elements make up the test battery and how the battery has to be implemented. It must also be
mentioned that the urine test has not yet been regulated in detail: here too, legislation needs to provide
for a reliable test.
One might also wonder whether it is appropriate for the drug test to be as lengthy as the legislature has
made it, namely with a three-stage check that must be gone through fully for any evidence to be able
to hold up in court. We think that the legislature could and should find no other way. In the current
status of science, only the introduction of the blood test as the final part of the test can provide
evidence of drug intoxication with sufficient certainty. Concentrations in the blood have the advantage
that they best show the correlation with the effect of drug use. At the same time, the importance of
administering a urine sample is manifest, in particular because concentrations in the urine are 10 to 50
times higher than in the blood and because the detection time with urine is longer: between one and
three days. When we put all this together and couple it with the criminal evidence principle that any
doubt must be in the accused’s favour, the choice of the legislature for a three-stage drug test seems
appropriate. This does not lessen the fact that the quest must continue for easier and faster methods to
detect driving in a condition of intoxication resulting from the use of specific illegal drugs. The
general conclusions of the ROSITA project (RoadSide Testing Assessment) reveal that there is much
progress in the development of more efficient screening tests (Verstraete & Puddu, 2000). These
developments are moving very fast, but if the industry were to have greater certainty on the existence
of a sufficiently large market for their product, its interest would be more sharply aroused. In Belgium,
such a guarantee comes in the form of the new law on driving under the influence of illegal drugs. A
clear recommendation is that, despite the ever-better validity of on-site-tests, criminal evidence must
continue to be based on analysis in an accredited laboratory. One pleads therefore for maintaining the
differentiation between initial screening and more rigorous procedures for collecting criminal
evidence. Furthermore, there should also be good training for police officers in recognising symptoms
suggestive of the use of illegal drugs, as the use of on-site tests will then be more efficient and
economical. Scheers & Van Haeren (2000) also plead for this and make a general proposal on how to
provide such training. As far as the use of urine samples is concerned, it has been noted that, given the
necessary provisions on the ground, this is an easy way to collect a sample. If there are no toilet
facilities available, however, it is not an efficient way to operate. However, tests based on saliva
samples and sweat samples are not yet sufficiently well developed to replace tests based on a urine
sample.
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We find that screening for driving under the influence of illegal drugs takes longer than screening for
drink driving. This is partly due to the fact that, for example, administering the test battery takes far
more time that doing a breath test. Whereas doing a breath test to find out whether or not alcohol has
been consumed allows a selection to be made quite quickly on the basis of an objective measuring
device, going through a test battery consisting of some 25 points requires particular attention on the
part of the police officer who has to carry out the selection on whether or not illegal drugs may have
been used. In addition, detection of illegal drugs in driving requires an extra step, namely the urine
test. Administering a urine sample takes a long time in itself. If one then takes into consideration that
in administering this test the necessary care with regard to discretion and hygiene has to be taken to
protect the suspect’s privacy, it will be evident that administering the urine test will take a long time,
particularly if the requisite toilet facilities for taking the urine sample are not available onsite. A final
point that makes the drug test time-consuming is connected with the evidence regime regarding
intoxication from the use of illegal drugs when driving: it is only by means of a blood test that this
condition and this violation can be proven. The blood test is more fundamental and lengthy than the
breath analysis that is usually enough to prove drink driving. With the new, portable Dräger machines
(model alcotest 7110 be, type MK III) under normal circumstances it usually takes only 5 to 6 minutes
to do a complete breath analysis, while for a blood test a doctor must be brought in who then has to
take the blood sample according to legal procedures and have it assayed in a laboratory.
In other words, the drug test requires a great deal of time and effort on the part of the police, who
meanwhile still in theory have to check for alcohol abuse in road users, using other, less timeconsuming procedures. An appropriate allocation of resources is urgently required to achieve efficient
police supervision on the use of alcohol and illegal drugs on the road.

The Use of a Decision Tree to Support an Efficient Enforcement Strategy
With a view to efficient policy supervision with regard to road safety, it is important that the - scarce resources that the police have be divided as evenly and appropriately as possible across the points of
attention at issue. In this distribution, account must be taken of the social relevance of the various
themes, across which the resources can be shared. In this final part, we formulate a proposal on how
police resources should be allocated for detecting and preventing drink driving on the one hand and
driving under the influence of specified illegal drugs on the other.
We favour a differentiated approach to tackling driving under the influence of alcohol and illegal
drugs. Because we know with fairly high certainty that drink driving is a major problem in Belgium
and because we can expect to find drivers under the influence of alcohol everywhere (Vanlaar, 1999),
this problem needs to be combated as part of an enforcement strategy according to the principles of
non-selective alcohol checks, based on the deterrent theory. Attention should be paid to general
knowledge with regard to police supervision and specific knowledge with regard to the local situation.
This involves the organisation of intermittent, non-selective alcohol checks, where as many drivers as
possible are stopped and every one of them is subjected to a breath test. Because drink drivers can be
found everywhere, check sites can be selected purely on the basis of practical feasibility, safety and
traffic density. Moreover, these types of checks get a lot of publicity through a communications plan,
without their becoming predictable. Research shows that the police in Belgium need to check at least
545,000 drivers non-selectively per year to expect any effect. This number has not yet been achieved.
As far as driving under the influence of illegal drugs is concerned, as long as there is no clearer picture
on the extent and effects of the use of illegal drugs on driving, non-selective methods must also be
used, but with the proviso that the target group be sought with more focus. The approach has to be
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non-selective because we may assume that drivers under the influence of illegal drugs, whose driving
skills have indeed been radically affected, may well try to lead the police up the garden path. Just as
with drink driving (Pagano & Taylor, 1979; Gundy & Verschuur, 1986) many drivers could slip
through the net, which would not help the credibility and efficiency of traffic management. Secondly,
the approach has to be more focused, because in our opinion mass checks everywhere, at any time, and
without any refinement with regard to target group would not be warranted. There are guidelines on
the age (more young people than elderly) and the location (in specific entertainment areas) of the
target group that do need to be taken into account in preventing driving under the influence of specific
illegal drugs. Given the lengthier procedure and the assumption that driving under the influence of
illegal drugs is a less wide-spread phenomenon than drink driving - precisely because it seems to be
related to age and location - it would be redundant to organise tackling drugs on an equally large scale
as prohibiting and combating drink driving.
Of course, it is defensible to combine police enforcement on driving under the influence of alcohol
and illegal drugs. Let it be clear, however, that we are only in favour of this if it involves an action in
those neighbourhoods, at those times and with respect to those target group, for whom there is
suspicion that they are driving under the influence of illegal drugs. In other words, if an action is
organised on driving under the influence of illegal drugs, alcohol intoxication should always be
checked at the same time. Since the procedure for checking alcohol use is less cumbersome than that
for checking drivers under the influence of illegal drugs, checks for alcohol intoxication take priority.
If a driver proves negative on that check, then the test battery mentioned above is carried out anyhow.
“Anyhow” because this is the condition to ensure that checks are non-selective. If the driver shows
positive in the breath test, then there is little point in continuing with the test battery as far as road
safety is concerned: the driver can already have a driving ban imposed because he drove under the
influence of alcohol.
However, if an action on drink driving is involved, then it should not automatically be combined with
a check on driving under the influence of illegal drugs. Such a link should only be made if checks are
being done in those neighbourhoods, at those times and on those target groups, for which there is a
suspicion that they may be linked to potential violations of the law of 16 March 1999. In practice, this
means therefore that one should be capable on a single check night, depending on the location, of very
dynamically changing over from one mixed, dual check to a single check. The initiative of Antwerp
Province to provide the police with a special vehicle with toilet facilities is a good example of how this
differentiated approach can be put into practice.
Finally, we present our recommendations in a flow chart or decision tree. This provides a
comprehensible way of illustrating what we have said above. The decision tree can be an aid in
preparing an action on driving under the influence of alcohol and/or illegal drugs. Although we have
developed such a decision tree, it is still difficult to indicate how time and resources should be divided
for detecting alcohol and illegal drugs in practical terms. Whatever the case, one must bear in mind
that tackling neither drink driving nor driving under the influence of drugs can be ignored.
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Differentiated policy on drink driving and driving under the influence of illegal drugs
Project-based approach to:
drink driving
or
driving under the influence of illegal drugs

alcohol

illegal drugs

select sites on the basis of:
practical feasibility
safety
traffic density

select sites based on suspicions regarding:
target group
location
timing

if drivers suspected of being
under the influence of illegal
drugs are present

if drivers suspected of being
under the influence of illegal
drugs are not present

non-selective alcohol checks

non-selective alcohol checks

negative

positive

negative

positive

non-selective
drugs checks

3-hour or 6-hour
driving ban

driver may proceed

3-hour or 6-hour
driving ban

negative

positive

driver may proceed

12-hour driving ban

non-selective alcohol checks

negative

positive

non-selective
drugs check

3-hour or 6-hour
driving ban

negative

positive

driver may proceed

12-hour driving ban

Conclusion
It is certainly justified for a legal armamentarium to have been developed to detect drivers under the
influence of illegal drugs. All the more so, from the standpoint that the requirements of adequate
criminal proceedings and verification in criminal trials demanded regulations on the matter. However,
so that drug tests could be fully developed and therefore enable the police to detect and prevent
intoxication due to the use of specific illegal drugs, further legislation is also essential, in particular on
the test battery and the urine sample. The executive authority and the college of Procurators General
should hasten to fulfil their role.
The complexity of the drug test, consisting of three - often time-consuming - phases, is justified from
the point of view of scientific certainty on use of illegal drugs while driving. This complexity,
however, means that police resources will have to be distributed efficiently between tackling the use of
illegal drugs and driving on the one hand and tackling drink driving on the other. Because it is
assumed that the impact of drink driving on objective road safety differs from the impact of driving
under the influence of illegal drugs, despite a lack of literature and research on the matter, we favour a
differentiated approach to the two problems. In this article, we have endeavoured to make a
contribution to such a differentiated approach, which should lead to efficient police supervision, with
the available resources distributed evenly between both phenomena.
The problem of allocating police resources may become even sharper in the future, if the legislature
were to decide to include driving under the influence of other illegal drugs (for example designer
drugs and hallucinogenic drugs as LSD and magic mushrooms) or under intoxication of certain
medicines as a punishable offence. At present, people who take medicines and then drive, and who
apparently still have control over their actions cannot be prosecuted. Since there are noises suggesting
that medicines can lead to risky driving behaviour through either their therapeutic action or their side
effects (Scheers & Van Haeren, 2000), it is quite possible that the legislature will amend traffic law
8

accordingly. If that occurs, the issue of how to allocate police resources with regard to maintaining
road safety will have to be re-assessed.
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AUTOMATIC SPEED CONTROL
THE DANISH PILOT PROJECT

Lárus Ágústsson, M.Sc. Civ. Eng. Project Manager,
Road Safety and Environment Division, Danish Road Directorate,
Danish Ministry of Transport, Niels Juels Gade 13, DK-1059 Copenhagen K, Denmark

Traffic and Accidents in Denmark
In Denmark 5.2 million inhabitants live on
44.000 square km (table 1).
The road network is 70.000 km long and 2
million vehicles drive approximately 44 billion
kilometres a year.
As in the majority of the western European
countries we have seen a great reduction of
accidents in Denmark the past 30 years (figure
1). In 1971 the number of road fatalities was
almost three times as high as in 2000. During
the same period the traffic grew from 22 to 44
billion vehicle km. A great reduction in the
frequency of accidents has taken place – road
traffic is now approximately five times safer
than it was 25 years ago /1/!

Figure 1. Danish State Roads.

The overall goal of the first Danish
Road Safety Action plan from
1989 was to reduce the number of
fatalities and casualties by 40%
from the average of the period
1986 - 1987 to the year 2000, /2/.
The plan did not entirely reach that
goal, however a 30% reduction in
casualties is considered very
satisfying.
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Figure 2. Accidents in Denmark 1971 – 2000, /1/
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The goal of the new Danish Road
Safety Action Plan from last year
is to reduce the number of fatalities
and serious casualties by 40% from
1998 to the year 2012, /3/. This
plan is ambitiously entitled "Each

Accident is One too Many". The idea is that fatalities and casualties should not be accepted
neither by the road authorities nor by roadusers everyday. The Swedish zero vision inspires
this idea. The main areas of action are:
•
•
•
•

Accidents caused by speeding
Accidents caused by intoxicated drivers
Accidents with bicyclists
Accidents at intersections.

Of course some overlapping between these areas will occur. For each area a number of 62
actions are suggested. One example of suggested actions is the use of enforcement technology
like the automatic speed control. Automatic speed control is the term we use in Denmark for a
police officer in a car with a camera that automatically takes pictures of speeding cars.

Speed and Enforcement Technology
A large amount of traffic
accidents are caused by speeding
cars. Furthermore, the faster the
car is going when an accident
occur the more servere the
consequences of the accident will
be. Research shows that a 10%
speed reduction can give an
estimated 25% reduction in
casualties and at least a 35%
reduction in fatalities (figure 3).
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Figure 3. Speed and Accidents, /2/
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This is why one of the most
important goals when ensuring
road safety is to reduce car speed.
The general speed limit in Danish
urban areas was reduced from 60
km/h to 50 km/h in 1985.

The outcome of this reduction was lower average running speed and followed by fewer
accidents, although speed measurements in the subsequent years still showed a low universal
adjustment to the new limit.
In urban areas the average running speed is around 52 - 55 km/h. The past 10 years the
average running speed has been almost unchanged on major rural roads. On rural roads the
speed limit is 80 km/h in Denmark. The average running speed is on rural roads is
approximately 88 km/h. On motorways, however, the average running speed has increased
with about 0,5 km/year [lit. 3]. The speed limit is 110 km/h but the average running speed is
around 114 km/h.
Research shows that if the average speed on all roads in Denmark corresponded to the speed
limit there would be:

each year!This is why automatic speed control was introduced in Denmark.

Where and When?

Copenhagen

The Automatic Speed Control pilot
project was originally carried out in two
Danish areas. The largest area has been
the metropolitan area of Copenhagen.
On the island of Funen the city of
Odense, Svendborg and some smaller
villages have been appointed proving
ground (figure 4).

Odense

After some small trial projects in 1997 –
1998 the pilot project started at the 6th
of April 1999 and ended the 1st of April
2000.
Svendborg
Figure 4. Where?

Method

Figure 5. Procedure, /4/

The control equipment is
placed in the back of a
van. The assigned police
officer is able to move the
equipment between
several sites during the
day. A site for traffic
control is chosen from a
list of roads where many
accidents occur. The list
is made from accident
statistics and compiled in
co-operation between the
police and the
municipality in question
and the Road Directorate

The police officer drives the van to a chosen site on the road network. At the site the radar
measures the speed of the cars driving by (figure 4). If a car is speeding, the camera takes
pictures of the car showing the licence plate and the face of the driver.

When the police officer gets back to the office, the film is developed, digitised and merged into
a computer. New software has been developed to administer this process. With this software
clerks at the police office check the quality of the picture and enter the registration number of
the car into the computer. The software finds the name and address of the owner of the car and
sends a letter to the owner including the picture. In this letter the owner is told to phone or fax
to the police to inform who was driving the car at the time of the violation. The Danish Traffic
Code says that the car owner is obliged to tell the police the name of the driver on request. If
the owner refuses he is penalized with a fine. If the owner does not respond to the letter, the
police will contact him by phone or by a visit.
When the police has got the name of the driver, the driver receives a fine corresponding to the
driven speed.
Information and Campaigns
An important component of the project was information
and campaigns. At the outset of the project, the
municipalities put up signs in the proving grounds
reminding the drivers of the control. Leaflets where
made and sent out to libraries, petrol stations, police
stations and municipality offices (figure 6). An Internet
homepage was made: www.fartkontrol.dk (in Danish
only). The campaigns also included advertising in
newspapers as well as television spots. The Road
Directorate was in charge of the information on the
project.

Figure 6. Leaflet

Budget
The Police
- Equipment
- Control
- Administration
The Road Directorate
- Evaluation
- Project management
- Information
Mio. DKr.
Table 1. Budget

31,7
16,7
5,0
10,0
13,3
4,0
3,0
6,3

Table 1 shows the overall budget of the
project. The budget of the pilot project was 45
million DKr, which amounts to approximately
5.3 million us dollars. The Police and the
Road Directorate shared the expenses. The
Police was in charge of the equipment, the
control and administration. The Road
Directorate was in charge of evaluation,
project management and information. The
budget includes police wages and project
management.
During period the project was running there
were 105.000 cases of speeding. This number
corresponds to the amount of cases involving
speed in the entire country before the project
started. On average a fine was 585 DKr or 69
USdollars which meant an income of about 60
million DKr or 7.06 million US dollars

from fines. Further more the project resulted in saving lives and reducing the amount of
casualties, car damages, road furniture damages and environmental savings (noise, pollution,

from fines. Further more the project resulted in saving lives and reducing the amount of
casualties, car damages, road furniture damages and environmental savings (noise, pollution,
etc.).

Results of the Pilot Project
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The evaluation of the project
is based on measuring speed
at 20 selected sites inside the
control areas and 10 sites
outside the proving grounds
for comparison. The results
show a 2.4 km/h reduction in
average running speed inside
the zones and no changes
outside the areas during the
last month of the pilot
project (figure 7).

The results however differ
from area to area. In the
Copenhagen area the
Figure 7. Average Speed, /4/
reduction was about 3 km/h.
and in the town of
Svendborg the results was a reduction in average running speed of about 2 km/h whereas in
Odense the reduction was 1,5 km/h.
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The equipment was in
operation in average around
2 hours a day. In the 12
month period of the pilot
project 105.000 fines with
pictures were sent out (figure
8), all though 155.000
pictures were taken. All in
all 50.000 pictures were
thrown out because the
quality was not satisfactory –
usually because the driver or
the license plate was not
entirely visible. Around 3200
cases were taken to court.
The police lost only 3 of
those.

The Road Directorate finished the evaluation report in august 2000. Accident statistics from
the pilot project will be evaluated when sufficient accident data is available.

Figure 9. Opinion Poll
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The Danish Road Safety
Board has conducted a
survey in which the citizens
were asked what they
thought of automatic speed
control. In 1997 only half
of the people asked, said
that they approved the
control. In 1999, after the
pilot project was started,
2/3 approved the control. In
1999 more people had an
opinion about the control
because the subject had
been widely debated in the
media that year.

The Future of Automatic Speed Control in Denmark
After examining the results, the Danish Parliament has decided to permanently implement
automatic speed control in the entire country. The process of implementing speed enforcement
technology began on the 1st of July this year and will continue for the next 2 years.
The speed enforcement will be carried out from 9 regional offices that will be established one
by one during the transition period. In 2001 13 of the 54 police districts will carry out the
control, covering around 20% of Denmark. More than 50% of the inhabitants live in those
areas. All major Danish cities will have speed enforcement technology by March 2002.
Each of the regional offices will have 3-4 sets of equipment for controlling the speed in an
area of on average 10.000 km2 with a total of on average 7.500-km of roads and streets.
As in the pilot project, the police will primarily control roads and streets where many
accidents occur. But also streets near schools and other institutions, roads with roadwork and
major roads through small villages will be controlled as the permanent system of automatic
traffic control take effect. The local authorities and the Road Directorate will prioritise the
road network in co-operation with the police. However, the police are entitled to control any
road on the road network they feel pose a threat to traffic safety. The roads that are chosen by
the Road Directorate and the local authorities are only to be considered as a guideline for the
police. A successful introduction of speed enforcement technology using the Danish method
depends very much on the ability of the authorities to co-operate.
A major difference between the pilot project and the permanent implementation of automatic
speed control is the question of whether or not to put up signs. During the pilot project signs
were put up in the test areas to warn drivers of the automatic speed control. However, the idea
of introducing the technology in the entire country is principally to ensure every single road in
Denmark. Therefore no signs will warn drivers of the control in the future. By taking this step

the message to the Danish drivers is that if you are speeding you risk getting caught on camera
everywhere in the country. This is naturally a controversial issue and has been the subject of
many public debates. In order to follow up on the debates a new campaign has been launched.

Figure 9: Part of the New Campaign is to put up Posters on
the Back of Busses. The Text Says: “We Develop Safe Roads”

The campaign strategy is to
draw attention to the
improvement in traffic safety
the use of enforcement
technology is expected to have.
The logo for the campaign is a
camera with a flash on blue
background (See figure 9). It is
important that the logo is easy
to remember due to its potential
preventive effect – especially
when posters are put up on the
back of busses or alongside the
road carrying the logo. If the
drivers are aware that the speed
limits will be enforced they
will drive more carefully. And
after all that is what this is all
about.

The First Results of the New Project
During the first couple of months the permanent implementation of automatic traffic control
has been very successful in the areas in question. In one of the new areas the average running
speed was reduced with about 2 km/h during the first month. That is to be considered a
sizeable reduction especially when you take into account that it was during the holiday season.
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1 Background
1.1 Drinking and driving increases accident risk
It is a well-established fact that the consumption of alcohol before driving a motor vehicle
increases the accident risk (Desapriya & Nobutada, 2000; Glad & Vaas, 1993). However, the
importance of rather low blood alcohol concentrations (BAC) for accident risk is still
discussed. Norwegian studies (Gjerde et al 1993; Statistics Norway 1992) find that drivers
involved in fatal, alcohol-related road accidents have on the average rather high BACs, above
0.1 per cent, whereas Moskowitz & Robinson (1987; p. 84) claim that as to divided attention
“Impairment began below .02 %, with 60 percent of the studies reporting impairment at or
below .05%.” and further (p.86) “Impairment occurs in most areas at the lowest BAC that can
be reliably chemically determined,”.
The question is thus what effect a reduction of the legal BAC limit from 0.05 percent to 0.02
per cent will have?
1.2 The legislative amendment: Reduction of BAC limit from 0.05 to 0.02 per cent
As the first country in the world Norway introduced a legal BAC limit of 0.05 percent in
1936, and has a long tradition of strict enforcement, with three weeks imprisonment as the
normal punishment up to 1988. After 1988 fines were the normal punishment for first offense
up to BAC of 0.15 per cent and imprisonment above BAC of 0.15 percent. In addition the
driver’s license was suspended, normally for two years. The attitudes towards drinking and
driving, even towards driving with a BAC below the legal limit have been rather
reprehensible (Vaas & Elvik, 1992, pp. 29-30).
After Sweden reduced the legal limit from 0.05 to 0.02 per cent in 1990, the pressure for a
similar reduction in Norway increased, and the amendment came into effect by January 1,
2001. The stated reasons for this amendment were to reduce the amount of impaired driving
and to demonstrate that the driving of a motor vehicle and consumption of alcohol do not
belong together. The reduction of alcohol related road accidents were hardly mentioned in the
official documents in this matter, but this reduction was maybe taken for granted, if only a
reduction in drinking and driving could be achieved.
The normal punishment for driving with a BAC between 0.02 and 0.05 per cent is a fine, and
the license is not suspended.
1.3 Hypotheses
Strictly speaking, the reduction of the legal limit should be expected to take effect on driving
with BACs in the range of 0.02 to 0.05 percent. However, there is reason to believe that even
driving with BAC above 0.05 may be affected according to Mann et al (2001, p. 579): “Most
studies that have examined the impact of a lowered legal limit on measures of driver BACs, or
BAC levels in arrested or fatally injured drivers, have observed a substantial impact on BAC
levels other than those specifically affected by the change in limits.” Two hypotheses are
consequently addressed:
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The reduction of the legal BAC limit from 0.05 to 0.02 percent will
1. Reduce driving with BAC between 0.02 and 0.05 per cent,
2. Reduce driving with BAC above 0.05 per cent.

2 Method
2.1 Survey of license holders – no control group
As the reduction of alcohol-related road accidents should be the most important objective of
the amendment, the effect should preferably be assessed in terms of possible changes in such
accidents. However, Statistics Norway, which is responsible for the road accident statistics in
Norway, discontinued the production of statistics of alcohol-related accidents in 1996, having
no plans to revive these statistics. Consequently, the only option is assess the effect in terms
of the amount of drinking and driving, taking for granted that a reduction in drinking and
driving will bring about a reduction in alcohol-related accidents. Drinking and driving is most
reliably measured by roadside surveys. Such surveys are however, rather costly, and therefore
the Norwegian authorities did not want a roadside survey. A survey of driver knowledge and
behavior was then made by questionnaire to a random sample of Norwegian license holders
before and after the amendment, June 1998 and June 2001, respectively.
The legal amendment was made effective for the whole country at the same time. Establishing
a control group of drivers not affected by the amendment was consequently not possible. In
principle it is therefore not possible to state whether changes in driver knowledge and
behavior observed between 1998 and 2001 are due to the legal amendment or to other factors.
2.2 Operationalization
2.2.1 Drinking and driving

Drinking and driving was measured by the following questions:
How much alcohol would you drink before driving an hour later?
How likely are you to drive with a BAC above the legal limit within the next three years?
How likely are you to drive after drinking, but with a BAC below the legal limit within the
next three years?
In addition the following question was asked in 2001:
How likely are you to drive with a BAC above the former legal limit of 0.05 percent within the
next three years?
2.2.2 Other questions

In addition questions were asked about knowledge, perceived risk and behavior such as:
- Knowledge of legal limit
- Knowledge of amount of alcohol required reaching the limit
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- Perceived risk of apprehension
- Knowledge about penalties for drinking and driving
- Social norms of drinking and driving
- The use of a car when going to occasions where alcohol is expected to be served
- Frequency of designating a driver when going to occasions where alcohol is expected
- Kms driven per year
- Age, gender, education and place of residence
2.3 Data collection
Random samples of driver’s license holders were interviewed by telephone by a professional
opinion poll company in June 1998 and June 2001. The response rate was 56 per cent in 1998
and 53 per cent in 2001. A total of 3001 interviews were completed both years.

3 Results
3.1 Knowledge of the BAC limit and the penalty
Table 1 ” According to Norwegian law driving with a blood alcohol concentration above a certain
limit is prohibited. Do you know what this limit is?” 1998 and 2001. Percent.
BAC limit, per cent

1998

2001

0.00 – 0.01

1

5

0.02

3

86

0.03 – 0.04

2

1

86

3

0.06 – 0.08

1

0

Other answers

1

1

Not sure

7

4

101

100

3001

3001

0.05

Total
N

To comply with the reduced BAC limit, the drivers have to know the limit. Table 1 shows that
86 per cent of the license holders answered correctly as to the BAC limit both before and after
the change. To comply with the rule, it is also necessary to know approximately how much
alcohol it takes to get to the limit. Table 2 shows that 47 per cent knew the right answer1 after
the change and 42 percent knew the right answer before.

1

It is difficult to state the accurate amount of alcohol it takes to get to the limit, but a simplified answer would
be two bottles of normal beer (4.5 percent alcohol) to get to a BAC of 0.05 and one bottle of normal beer to get
to 0.02 per cent for a man of 70 kg.
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Table 2 ”How much do you think a man of 70 kg will have to drink within an hour to obtain a BAC a
little above the limit (0.05 in 1998; 0.02 in 2001)?” Percent.
Amount of alcohol needed to reach the legal limit

1998

2001

Less than a small bottle (0.33 l) of light beer (max 2.5 percent
alcohol) or equivalent

*

4

One small bottle of light beer or equivalent

1

10

One small bottle of normal beer (4.5 percent alcohol), one glass
of wine or equivalent

14

47

Two small bottles of normal beer or equivalent

42

17

Three small bottles of beer or equivalent

16

2

Four small bottles of beer or equivalent

5

1

More than four small bottles of beer or equivalent

2

0

21

18

101

100

3001

3001

Not sure
Total
N
* Not used as an alternative in 1998

Table 3 ”In what way do you think the authorities would react towards a driver having a BAC of 0.03
and a BAC of 0.07” 1998 and 2001. Percent
Authorities’ reaction to drinking and driving with a BAC
of 0.03 and 0.07 percent.

BAC 0.03
1998

BAC 0.07

2001

1998

2001

No reaction

52

1

1

0

Warning

28

7

1

1

Fixed fine

4

43

19

27

Fine dependent upon income

1

21

27

26

Suspended imprisonment

0

3

6

9

Unqualified imprisonment

0

5

25

34

Suspension of license for 6 months or less

5

17

21

16

Suspension of license for 6 to 18 months

0

5

18

19

Suspension of license for 18 to 30 months

0

5

21

19

Suspension of license for more than 30 months

0

1

3

10

13

13

10

10

103

121

152

171

3001

3001

3001

3001

Not sure
Total
N

Knowledge about the penalty for drinking and driving would also be necessary in considering
whether or not to drink and drive. The penalty for drinking and driving in Norway is a
combination of imprisonment, fines and suspension of the license, depending on the actual
BAC level.
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Table 3 clearly shows that the majority of Norwegian drivers have realized that the BAC limit
is changed. In 1998 80 per cent of the drivers said there would be no reaction or a warning
for driving with a BAC of 0.03 percent. In 2001 64 percent said it would be a fine, either
fixed or depending upon income, which is the right answer. 8 percent thought that the penalty
would be some kind of imprisonment, and 26 percent thought that the license would be
suspended, which is not the case. As to the penalty for driving with a BAC of 0.07 percent the
answers are pretty much the same before and after the reduction of the limit, except that 20
per more give more than one answer in 2001.
3.2 Subjective risk of apprehension
The risk of apprehension is normally considered one of the more important factors affecting
road traffic behavior, i.e. the subjective risk rather than the objective risk. Apprehension
statistics are not widely publicized in Norway.
Table 4 shows very small differences in subjective risk of apprehension between 1998 and
2001.
Table 4 ”If during a normal day 1000 people drink and drive, how many do you think would be
apprehended?” 1998 and 2001. Percent
1998

2001

1 person

20

23

2 – 5 persons

27

28

6-10 persons

17

15

11-30 persons

8

7

31-100 persons

11

9

5

4

12

14

100

100

3001

3001

More than 100 persons
Not sure
Total
N

3.3 Social norms
People are known to be affected by the social norms. Ajzen and Fishbein (1980; p. 57)
describes as “a person’s subjective norm, i.e. his perception that most people who are
important to him think he should or should not perform the behavior in question.” Table 5
shows that the subjective norm as to driving after drinking one bottle of beer have changed
somewhat, whereas the norm for driving after four bottles of beer has remained the same or
become less strict. However, the most striking facts appearing from table 5 is the widespread
strictness of the norms against drinking and driving. Even in 1998 63 percent of the drivers
claimed that people they knew would dislike their drinking and driving after one bottle of beer
even though the majority thought that two bottles or more would be necessary to reach the
legal limit of 0.05 percent.
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Table 5 ”How do you think people you know would react if you drive a car one hour after having had
a small bottle of beer or equivalent or four bottles of beer? Would they dislike it a lot, somewhat or
wouldn’t they react much or not at all?” 1998 and 2001. Percent.
Reaction of people you know

One bottle of beer
1998

Four bottles of beer

2001

1998

2001

Dislike a lot

34

41

91

87

Dislike somewhat

29

30

6

9

Wouldn’t react much

20

18

1

2

Wouldn’t react at all

12

7

0

1

5

4

2

2

100

100

100

101

2578

2548

2577

2548

Not sure
Total
N

3.4 More or less drinking and driving?
A bottle of normal beer (0.33 liter, 4.5 per cent alcohol) would be the maximum amount a
man of 70 kilograms could drink and still be on the legal side of the limit. Table 6 shows that
only 1 percent in 1998 and 0 percent in 2001 claim that they would drink more than this
amount before driving. However, the percentage that would not drink at all before driving has
increased from 82 percent to 91 percent.

Table 6. ”How much alcohol would you drink before driving an hour later?” 1998 and 2001.
Percent.
1998

2001

Teetotaler (question not asked)

14

15

Nothing when I’m going to drive

68

76

A small bottle (0.33 liter) of light beer or equivalent

12

6

A small bottle (0.33 liter) of normal beer or equivalent

6

3

Two small bottles of normal beer or equivalent or more

1

0

101

100

3001

3001

Total
N

Table 7 shows that two percent in 1998 and 8 percent in 2001 claim they are likely to drive
with a BAC above the limit, which may be reasonable, as the limit has been reduced. What is
more important is however, the percentage likely to drive with a BAC in the range of 0.02 to
0.05 per cent. This percentage cannot be calculated exactly as questions were only asked
above and below 0.05 in 1998. However, the number of license holders likely to drive with a
BAC below, but not above 0.05 was 407 or 13.6 percent in 1998 and 398 or 13.3 per cent in
2001, i.e. no change from 1998 to 2001.
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Table 7 ”How likely are you to drive above the legal limit, below the legal limit and above the former
legal limit within the three next years?” 1998 and 2001. Percent
1998
Below
0.05

2001

Above
0.05

Below
0.02

Above
0.02

Above
0.05

Most, quite or a little likely

15

2

13

8

2

A little or quite unlikely

13

6

12

11

4

Most unlikely

57

77

58

66

78

Teetotaler (question not asked)

14

14

15

15

15

1

0

1

1

1

100

99

100

101

100

3001

3001

3001

3001

3001

Not sure
Total
N

Table 7 also shows that the number of drivers likely to drive with a BAC above 0.05 per is
more or less the same in 1998 and 2001.
3.5 The use of car to occasions where alcohol is served
As the amount of alcohol that can be consumed without exceeding the BAC limit has been
reduced, it is reasonable to expect that people would drive a car to places where alcohol is
served to a lesser degree in 2001 than in 1998. However, table 8 shows no change is driving a
car to such a place.
Table 8. ”How likely are you to drive a car to an occasion where alcohol will be served within the
next three years?” 1998 and 2001. Percent.
1998

2001

Most likely

39

37

Quite likely

21

24

A little likely

9

7

A little unlikely

2

2

Quite unlikely

3

3

Most unlikely

11

11

Teetotaler – question not asked

14

15

1

1

99

100

3001

3001

Not sure
Total
N

As a consequence of the reduced BAC limit, designating a driver not to drink alcohol and
drive the others home from places where alcohol is served, should be expected to increase.
Table 9 shows, however, no change is designating a driver.
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Table 9. “How usual is it among the people you know to designate a driver not to drink alcohol and
drive home from occasions where alcohol is served?” 1998 and 2001. Percent.
Designating a driver not to drink alcohol

1998

2001

Happens always when alcohol is served

20

22

Happens often when alcohol is served

36

35

Happens sometimes when alcohol is served

16

16

Happens rarely or never when alcohol is served

23

21

6

6

101

100

3001

3001

I never go to places where alcohol is served
Total
N

3.6 Changes from 1998 to 2001
The following factors have changed from 1998 to 2001:
-

Knowledge of the legal BAC limit. The same percentage knew the new limit in 2001
and the old limit in 1998.

-

Knowledge of the amount of alcohol required reaching the limit. Approximately the
same percentage answered correctly in 1998 and 2001.

-

Knowledge of penalty for driving with a BAC of 0.03 percent.

-

Social norm for driving after drinking one bottle of beer.

-

The amount of alcohol accepted by oneself before driving.

The following factors have not changed:
-

Subjective risk of apprehension.

-

Knowledge of penalty for driving with a BAC of 0.07 percent.

-

Social norm for driving after four bottles of beer (have changed a little in the opposite
direction).

-

Likelihood of driving with a BAC below, but not above 0.05 percent.

-

Likelihood of driving with a BAC above 0.05 percent.

-

Likelihood of driving a car to an occasion where alcohol is served.

-

Designating a driver to drive home from occasions where alcohol is served.

4 Discussion and conclusion
4.1 Why no change in drinking and driving?
The most surprising of the results described in chapter 3 is perhaps that the likelihood of
driving with a BAC below or above the old BAC limit of 0.05 percent has not changed even
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though the amount people would drink before driving has changed and the social norm of
driving after one bottle of beer has also changed. However, only 1 per cent of the interviewees
said in 1998 that they would drive after drinking two bottles of beer or more, which is what it
takes to get considerably above the 0.02 limit. This fact shows that the potential for
improvement was diminutive before the reduction of the legal limit.
4.2 The cause of the observed changes
As there is no control group not affected by the reduced BAC limit, it is impossible to claim
that the changes observed are caused by the legal amendment. However, the changes in
knowledge about the limit, the penalties and the amount of alcohol it takes to get to the limit,
could hardly be caused by other factors than the publicity created by the amendment.
The changes in the social norm and the amount of alcohol the drivers themselves accept to
drink before driving can of course be caused by other factors. However, the norm for driving
after four bottles of beer, which was illegal even before the amendment, has not changed, a
fact supporting the hypothesis that the change in the norm for driving after one bottle of beer
is in fact caused by the amendment. The change in the amount of alcohol the drivers
themselves would drink before driving, is most likely caused by the change in the norm. It
may of course be due to other factors, though no other likely factors are evident.
4.3 Was the reduced limit successful?
The first hypothesis is that the new BAC limit will reduce the driving with BACs between
0.02 and 0.05 percent. There is no change in the percentage of license holders saying that they
are at least a little likely to drive with a BAC below, but not above the former limit of 0.05 per
cent. Consequently the first hypothesis has to be rejected. However, the percentage claiming
that they will drink no alcohol before driving has increased by 8 percent.
The second hypothesis is that the new limit will also reduce the driving with BACs above 0.5
percent. There is no significant change is the percentage of license holders saying that they
are likely to drive with a BAC above 0.05 per cent. The number of persons saying that they
will drink two bottles of beer or more, i.e. the amount it takes to get to the 0.05 limit, is so
small that significant changes cannot be measured by the method used in this project. Thus,
the second hypothesis has to be rejected as well.
The objective of the reducing driving with BACs below or above 0.05 per cent has not been
achieved so far. However, the after-survey was carried out less than six months after the
amendment came into effect. Another explicet objective of the amendment was “to
demonstrate that driving of a motor vehicle and the consumption of alcohol do not belong
together.” (Odelsting Proposition 26 (1999-2000). In terms of this objective the amendment
may be considered successful as the social norm of driving after only one bottle of beer has
become stricter and more people claim that they drink no alcohol before driving.
The most important question whether or not the reduced limit will reduce the number of
alcohol-related road accidents cannot be answered by the kind of data presented in this paper,
and it is also too early to say. Bernhoft and Behrensdorff (2000) have shown that even if
drinking and driving was reduced in Denmark by a reduced BAC limit, the number of
alcohol-related accidents need not be reduced. If no reduction of alcohol-related accidents is
observed in Norway, the question could be asked whether the reduced BAC limit is a
necessary restriction on Norwegian drivers.
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IDENTIFYING SUBGROUPS OF ROAD USERS FOR
COUNTERMEASURE DEVELOPMENT:
TWO AUSTRALIAN EXAMPLES
Teresa M. Senserrick
Monash University Accident Research Centre, Australia, tel: +613 9905 1923
Cluster analysis is a statistical classification technique that can identify subgroups of people
with similar profiles on a research measure or measures. Given its exploratory nature, cluster
analysis has a somewhat controversial history in traffic safety research. It has been argued
that the ability to produce different solutions using different methods reduces the credibility
of cluster analysis as a useful measure for traffic safety research. Part of the problem has
been the inconsistent selection of clustering techniques by researchers. This is true even
though studies of biological data with known structures have identified and recommended
particular methods to apply to particular types of data. In addition, many validation
techniques have been developed to test selected solutions. This paper presents an overview
of these issues, including two recent Australian studies that have including cluster analyses;
one relating to seatbelt use and the other to speeding behaviour. In each case profiles of roaduser subgroups were identified based on differences in self-reported road safety attitudes and
behaviours. The studies also used factor analysis to first reduce the amount of variables
entered into the cluster analysis. In this way multiple measures could be included. It is
argued that this combination, factor analysis followed by cluster analysis, can provide a
powerful exploratory tool for traffic safety research. Keywords: countermeasures, cluster
analysis, factor analysis, speeding, seatbelts, attitudes, behaviours

Cluster Analysis as an Exploratory Research Tool
Cluster analysis is an exploratory research tool that can classify people who score similarly on
a research measure or range of measures into several groups or clusters. The technique aims
to minimise variance within each cluster and to maximise the variance between clusters. In
road safety research, cluster analysis can offer a practical solution to identifying different
subgroups of road users for countermeasure development.
For example, Wieczorek and Miller1 identified five types of drivers who had been convicted
for drink-driving and matched appropriate treatments for the different groups. The five
clusters replicated earlier work by Donovan and Marlatt2 and Steer, Fine and Scoles3.
However, cluster analysis has not been readily received in road safety research. This has been
particularly due to the finding that applying different clustering techniques can generate
different solutions for the same set of data.4,5 As a ‘best fit’ technique with no universally
accepted statistical significance test, cluster analysis has been criticised as being vulnerable to
misuse and confirmatory bias.6,7
Part of the problem is that road safety researchers have been inconsistent in their choice of
clustering techniques, even when examining the same issue.1-3,8 This is true even though
studies of biological and other data with known structures or taxonomies have identified and
recommended particular methods to apply to particular types of data. In addition, many
validation techniques have been developed to test selected solutions. The following sections
address these issues.

Choice of Clustering Approach
Different clustering approaches have been developed to suit different types of data, including
different measures of similarity or dissimilarity between cases and different techniques to
cluster the multiple pairs of cases. Several considerations and a widely recommended twostep clustering approach that generated useful solutions in two recent Australian road safety
studies, are detailed below.
Preparing data for analysis
While Everitt9 and others10,11 have cautioned that standardising variables may dilute the effect
of the best discriminators, more recently Everitt12 and also Romesburg13 recommended the
use of standardised scores to remove arbitrary effects and to allow each variable to contribute
equally. In particular, variables should be standardised when some have a greater range of
variation than others14. This recommendation has generally been adopted in road safety
research that has used multiple measures.1,4
It is also widely accepted that most clustering techniques are sensitive to outliers.12 An
extreme value can dramatically shift a cluster centroid or form a non-representative cluster.
Therefore, it is best to carefully screen clustering data before performing the analysis and to
consider whether removal of outliers is appropriate according to the measure and research
aims. Notably, missing values can generally be managed by most software packages.15
Choice of clustering method and similarity-dissimilarity measure
As a first step, a hierarchical clustering method is recommended, with Ward’s16 the preferred
method. Ward’s method is based on the principle that the loss of information that results from
grouping cases can be measured by the total sum of squared deviations of each case from its
closest cluster centroid. Each possible pair is considered and the union that results is the
minimal increase in the error sum of squares, that is, the minimum information loss. This
method ensures minimum variance within each cluster and maximum variance between
clusters. Ward's method has been widely recommended as providing the optimal or near
optimal solution.13,17-19
Most clustering techniques use a matrix of similarity or dissimilarity between cases.12,13
Squared Euclidean distance is the most widely used and recommended measure of similaritydissimilarity, particularly in association with Ward’s method.1,4,12,13,19 The squared Euclidean
distance measure computes the distance between each pair of cases for each clustering
variable. The differences are squared and summed, then the total sum is squared.20 Overall
and colleagues19 reported on an extensive study in which 35 cluster analysis methods were
contrasted. Ward’s method used with Euclidean distance was found to perform best on all
indicators.
Refining the solution
The use of clustering techniques that make only a single run through the data has been
criticised for not allowing relocation of cases that may have been poorly classified.21
Relocation procedures maximise between-group variance and minimise pooled within-group
variance, thereby ‘sharpening’ the solution.9,22 Therefore, it is recommended that cluster data
generated by Ward’s hiearchical method be subject to a k-means relocation analysis known as
quick cluster.

Quick cluster analysis updates cases to cluster centroids in successive iterations until the
solution stabilises, that is, until there is no further reassignment of cases in successive
iterations.23 The cluster centroids of the final solution describe the profile for each cluster.6,24
Again, squared Euclidean distance is recommended as the similarity-dissimilarity measure.
While quick cluster analyses can be applied when the number of initial groups or cluster
centroids is unknown, it has been cautioned that this approach often results in suboptimal
solutions.6 The use of the two-step approach, first, using a hierarchical method to determine
the number of clusters and initial cluster centroids, second, a relocation method to optimise
the solution, is the most widely recommended approach.6,12,20,25 Wieczorek and Miller1
applied this two-step approach for their research on treatment applications for subgroups of
drink drivers.
Statistical checks
In order to check the validity of the solution and to clarify that each clustering variable
contributes to the solution, ANOVA can be performed for each clustering variable. While
Hartigan26 cautioned that clusters are computed to be separate groups and therefore,
significant differences across groups for each variable are expected, Romesburg13 argued that
this is a necessary procedure to clarify where the differences are and to assist interpretation.
This also allows examination of the magnitude of differences between the clusters; that is,
whether they are minimal or substantial.1
Further, as a cluster can be defined as a group of cases in which variance among members is
relatively small20, it is also expected that the standard deviations for each variable for each
cluster will generally be lower than the standard deviation for the total sample.27 This is a
quick-and-easy way of identifying the extent of discrimination in the final solution.
Number of Clusters
As with choice of technique, there is no universally accepted method for determining the
appropriate number of clusters in a given analysis.12 Therefore, the recommended practice is
to apply more than one method.12,13,28 Several methods are described here.
Graphical representations
When using a hierarchical clustering method such as Ward’s, a dendrogram or cluster tree
plot can provide a graphical representation of the hierarchical groupings of cases to clusters.29
The grouping of each case to successive clusters is presented vertically in a systematic,
branch-like manner. With this structure in place, the number of intersections created by a
horizontal line drawn across the 'branches' of the diagram at any given point, reveals the
number of clusters at that stage of the hierarchy. In this way, it is possible to identify the
stages that group substantial numbers of participants together. The dendrogram was the first
data summary consulted in the two following studies to determine the appropriate number of
clusters for further analyses (see e.g. Figure 1).
Statistical tests
One statistical test that has been used to validate the number of clusters is discriminant
function analysis.30-35 The percentage of cases correctly classified into the clusters by the
discriminating variables gives an indication of the accuracy of the cluster solution.39 While
discriminant function analysis also includes a test of significance not available in cluster
analysis, its use has been criticised as misleading37. While the analyses are independent, the

cluster analysis output is used as the discriminant function analysis input and therefore, the
data are not. Therefore, the discriminant function analysis test is expected to be significant as
a necessary validation of the number of clusters. The test alone is not a sufficient test of
significance. It is the percentage of cases correctly classified that shows appropriate fit of the
data and validates the choice of clusters32.
Interpretability and usefulness of the solution
Finally, some researchers have argued that interpretation, usefulness, and simplicity of the
cluster solution are most important and that the number of clusters should be decided based
on this principle.9,28,38-40 Interpretation is based on the profile presented by the mean scores or
centroids for each cluster. The usefulness of the chosen solution may not only be verified by
the researcher but by experts in the applied field who have working knowledge of the
relationships under consideration.13,41-43
In sum, when carefully applied, with choices justified and solutions confirmed in several
ways, cluster analysis can provide a valuable technique for identifying subgroups of road
users.
The above approach was applied in two recent Australian studies. Both were based on
telephone surveys of approximately 1000 drivers in Victoria, Australia. Both were proceeded
by a factor analysis to identify any underlying response patterns and to reduce the number of
clustering variables. (Note that this is not necessary as cluster analysis can be performed on a
large number of variables; however, this can sometimes make interpretability difficult.)
Factor analysis is a particularly useful procedure for road safety research as normality of
variables need not be assumed and road safety attitudes are often skewed towards positive
responses. Factor analysis is sensitive to outliers however, and these were excluded. Principal
Components Analysis was used to extract factors with eigenvalues ≥1 and scree plots were
examined to confirm the optimal number of factors. Solutions were subject to oblique rotation
and alpha coefficients were examined as a check of reliability. The following sections present
a summary of the results.
Example A
The first study aimed to identify groups of drivers who responded similarly to survey items
regarding seatbelt-related attitudes and behaviours. Australia and Victoria in particular has a
high rate of seatbelt use.44,45 Therefore, it was of interest whether cluster analysis could
distinguish meaningful subgroups among respondents.
Method & analysis of clustering variables
The sample was 53.9% female and ages ranged from 17-90 years (M = 44.9; SD = 15.6). A
factor analysis was performed using 19 items (see Table 1). Each item was rated for
agreement on a 0-10 scale, where 0 = do not agree at all, 10 = agree very strongly, and 5 =
agree somewhat. Results suggested that responses were based on three underlying patterns or
perceptions (accounting for 41.1% response variance).
A first factor, Personal seatbelt attitudes & behaviour, grouped together all items concerning
the respondents’ pattern of seatbelt use and related attitudes. High scores on this factor
corresponded to regular seatbelt use and positive attitudes towards personal seatbelts use. All
items of the second factor, Perceptions of driving ability, related to the respondents’
perceptions of their driving ability in relation to others, particularly drivers of the same age.

Table 1: Summary of Three Factors Underlying Seatbelt-Related Attitudes and Behaviours

Items
Factor I
(α = .70)

Wearing a seatbelt is automatic for me
I always wear a seatbelt when driving
I always wear a seatbelt on short trips
Sometimes I have to remind myself to put my seatbelt on
I always wear my seatbelt when driving in a carpark
Wearing a seatbelt is sometimes a hassle
I always wear my seatbelt when reversing the car
I sometimes forget to wear my seatbelt when I am a passenger
I feel very uncomfortable without a seatbelt on

Factor II
(α = .78)

I am a more skilful driver than other drivers my age
I am safer than other drivers my age
I am more careful than other drivers

Factor III
(α = .39)

I tend to drive faster than most other drivers
It's annoying seeing children in cars without their seatbelts on
It's annoying seeing other adults driving without their seatbelts on
Road safety is one of the most important issues in the community
I am generally a forgetful person

I

Factor
II

III

.85
.84
.75
-.68
.59
-.54
.48
-.45
.43
.84
.82
.70

.31

.63
-.60
-.51
-.49
.33

Note: displays correlation coefficients ≥ .4

High scores on this factor indicated favourable perceptions of one’s driving skill, safety, and
carefulness when driving. A final factor Other driving attitudes and behaviours, appeared to
represent other driving and road safety issues, including speed and others’ use of seatbelts.
Low scores on this factor indicated more positive attitudes and behaviours in regard to road
safety.
Identifying types of respondents
Cluster analyses of factor scores identified a three-cluster solution as optimal. A discriminant
function analysis confirmed the presence of three discriminant functions with a combined
χ2(38) = 1661.25, p = .000, for which 95.7% of cases were correctly classified. A MANOVA
of the cluster centroids was significant [F(38, 1638) = 69.2, p = .000]. Given that the overall
model for the three-factor solution was significant, oneway ANOVAs were performed using
Scheffé comparisons for each factor in order to identify the sources of differences between the
clusters. (Scheffé comparisons protect against Type I error and are considered to be one of the
most conservative comparisons.46) Results for the analyses are displayed in Table 2. Each
factor contributed significantly and revealed meaningful differences between the clusters.
(Cluster profiles are represented by column scores and are contrasted by comparison of row
scores.)
Cluster 1: Committed seatbelt users with strong positive driving attitudes and behaviours,
and high perceptions of their driving ability. The first cluster profile scored above average on
all three factors and highest on the factors representing perceptions of driving ability and
other driving attitudes and behaviours. This profile reflects a strong commitment to seatbelt
use and road safety, both in attitudes and behaviours, and a strong positive perception of
personal driving ability in relation to others. This was the largest group with 397 drivers (159
male, 236 female, 2 unknown).

Table 2: Summary of Three-Cluster Classification of Seatbelt Factors
Total
(N = 858)

Cluster 1
(n = 397)

Cluster 2
(n = 329)

Cluster 3
(n = 132)

F statistic

Personal seatbelt
attitudes and behaviour

9.33

9.63a

9.65 a

7.63 b

F (2, 855) = 570.50, p < .000

Perceptions of driving
ability

7.29

8.54 a

6.13 c

6.44 b

F (2, 854) = 455.89, p < .000

Other driving attitudes
and behaviours

8.34

9.06 a

8.03 b

6.92 c

F (2, 855) = 275.80, p < .000

Note: Identical superscripts indicate that row means are significantly different from each other

Cluster 2: Committed seatbelt users with good driving attitudes and behaviours, but lowerthan-average perceptions of their driving ability. This group of respondents scored equally
high with those of Cluster 1 on the factor representing positive seatbelt attitudes and
behaviours. They also scored reasonably high, although below average, for other driving
attitudes and behaviours. However, this group scored the lowest on perceptions of their
driving ability. Overall, this profile represents a strong commitment to seatbelt use, general
support for other road safety issues, together with a mild regard only for their driving ability.
This was also a large group comprising 329 drivers (140 male, 189 female).
Cluster 3: Less-committed seatbelt wearing and driving attitudes and behaviours with lowerthan-average perceptions of their driving ability. The final cluster scored below average on
all three factors, therefore showing the lowest regard for seatbelt use and other road safety
issues of the present sample of drivers. Respondents in this group also perceived their driving
ability at a below average level, although somewhat higher than drivers in Cluster 2.
Therefore, this group reflected the least committed approach to seatbelt use and other road
safety issues, and a mild regard for their driving ability. There were 132 drivers (82 male, 49
female, 1 unknown) in this group – therefore, a smaller group with less than half the number
of drivers of the first two groups.
For simplicity and ease of comparison, these three groups are described as those with good,
intermediate, and poorer road-safety profiles, respectively. Chi-squared analyses revealed
that sex [χ2(2) = 20.8, p < .000], age [χ2(4) = 25.49, p = .000], and licence type [χ2(4) = 17.3, p <
.01] differences existed between clusters. Examination of standardised adjusted residuals
confirmed that drivers with a good road-safety profile were statistically more likely to be
female (2.3), to be in the oldest age group (3.1; 51-90 year olds), and to have a full licence
(3.4). In contrast, drivers with a poorer road-safety profile were far more likely to be male
(4.5), to represent the youngest age group (3.3; 17-25 years) and to hold a probationary
licence (3.0).
In addition, drivers with good and intermediate road-safety profiles spent a greater percentage
of time driving in daylight hours (Ms = 82.0% & 80.4% respectively) than drivers with poorer
profiles (M = 74.3%; F(2, 855) = 7.52, p = .001). This was a particularly important finding given
that drivers in this younger age group are more likely to be involved in injury crashes during
these hours than are drivers of the other two age groups (based on Victorian Police crash
data). Therefore, the younger drivers in this group are particularly compromising their safety
if driving during non-daylight hours without a seatbelt. It is important to note however, that
while this group of drivers, showed a less positive score on the seatbelt-related factor
compared to the other two groups, the score was still well above the moderate response range

(7.63 from a possible 0-10). Therefore, it is likely that this group of drivers quite often uses
their seatbelts, but does so inconsistently.
It was concluded that cluster analysis generated meaningful distinctions among the
respondents. By identifying a particular subgroup of drivers with a poorer road safety profile,
countermeasures could be more appropriately targetted at this particular type of driver.
Example B
The second study was designed to inform Victoria Police on current perceptions of overt and
covert aspects of their speed enforcement program, including perceptions of risk of detection,
and speed-related skills, attitudes, and behaviours. This was to act as a baseline measure to
compare responses after introduction of a more covert program.
Method & analysis of clustering variables
The sample consisted of 561 females (56%) and 439 males of several different age groups:
under 20 (n = 30), 20-29 (n = 161), 30-39 (n = 222), 40-49 (n = 212), 50-59 (n = 166), and
60+ years (n = 206); (3 refusals). Agreement ratings on the same 0-10 scale were made for 57
items grouped into five sections (see Table 3).
The items in these sections were subject to factor analyses, applying the same conditions as in
the first study (see Table 3). Where appropriate, factors were reverse coded so that higher
scores indicated more positive responses (e.g. speeding behaviour items). The resulting 14
factors were then included in a second factor analysis to reduce further the number of
clustering variables and to enhance ease of interpretation (see Table 4). Five factors were
identified with a combined explained variance of 57.2%.
High scores on the first factor represented a belief that detection is easily avoided, few Police
cars are seen on the road, and that Police catch very few traffic offenders. For the second
factor, high scores suggested a belief that speed enforcement helps lower the road toll, in
general is somewhat covert, would be more effective in slowing down drivers if more overt,
that speeding is wrong, causes accidents, and that the respondent is uncomfortable driving
fast. Low scores on the third factor indicated negative speed-related behaviours, concern with
crashing and being at fault in a crash, and daydreaming when driving. High scores on the
fourth factor reflected a positive perception of one's driving ability, a belief that traffic
offence penalties are severe and personal risk of detection high, that general driving decisionmaking processes are largely automated, and that the respondent makes positive decisions
concerning speed choice and speed awareness. Finally, high scores on the fifth factor
represented a view that enforcement programs are overt, but would be more effective in
detecting speeders if they were more covert.
Notably for the Police, low visibility of Police vehicles was related to perceptions that
enforcement levels were low, rather than covert. This implies Police may be perceived as
detecting many offenders when they are more visible, supporting general deterrence theory
and also that, during a covert operation, issuing of fines would need to be high, at least
initially, in order for the specific deterrence approach to be effective.

Table 3: Summary of Factors Underlying Perceptions of Enforcement
Factor
Section I
Factor I

Factor II

Factor III

Section II
Factor I

Factor II

Factor III

Section III
Factor I
Factor II

Item
General factors influencing decision-making processes when driving (50.1% variance)
I do not have to think consciously about using the indicators
I do not have to think consciously about using the accelerator
I do not have to think consciously about looking out for hazards
I do not have to think consciously about steering the car
I do not have to think consciously about how fast I am driving
I am a safer driver than other people my age
I am a safer driver than most other drivers
I often respond to hazards before I really notice them
I drive within the road rules
I worry about crashing when I am driving
If I have a crash it is likely to be my fault
I daydream or think about other things when driving
Specific factors influencing speed choice decisions (40.5% variance)
I often drive a little over the speed limit
I often drive 10 km an hour or more over the speed limit
I sometimes change my speed without making a conscious decision
I slow down at locations where there are sometimes speed cameras
I become frustrated when people around me are driving too slowly
I am always aware of the speed limit
I often check my speed when driving
I make conscious decisions to speed up or slow down
Current road conditions influence my speed
I drive more slowly when it’s raining
I choose a speed and stick to it
Speeding causes accidents
Speeding is wrong
I am comfortable driving fast
Perceived risk of detection while driving in general (61.4% variance)
I see very few Police cars on the road when I drive
The Police catch very few of the people who disobey traffic rules
Overall, the penalties for breaking the law while driving are severe
If I break the law while driving, I will most likely be caught

I

II

III

.82
.81
.76
.74
.69
.85
.84
.47
.44
.77
.66
.46
.75R
.65R
.60R
.58R
.56R
-.40

.60
.55
.51
.49
.47
.40
-.75
-.71
.49

.83
.82
.80
.65

IV

Table 3: Summary of Factors Underlying Perceptions of Enforcement (cont.)

Section IV
Factor I

Factor II
Section V
Factor I

Factor II

Factor III
Factor IV

Item
Perceived risk of detection by all types of speed enforcement (40.9% variance)
It’s easy to avoid being caught speeding
Even if you’re caught speeding, you can still avoid being fined
Speed enforcement only happens during the day
There’s not much chance of being caught speeding
I rarely see any Police cars doing speed enforcement
The penalties for speeding are not severe at all
Enforcing the speed limit helps lower the road toll
It’s hard to know where there is speed enforcement happening
Perceived risk of detection by speed camera enforcement only (42.5% variance)
Speed cameras are usually well hidden
It’s hard to predict where there are the speed cameras
Speed cameras are easy to see
Speed cameras always operate at the same locations
There’s not much chance of being caught speeding by a speed camera
I don’t see as many speed cameras these days as I used to
Even if a speed camera catches you, you can still avoid being fined
Enforcement with a speed camera only happens during the day
I rarely see any cameras doing speed enforcement
My experience tells me that it’s easy to avoid being caught speeding by a speed camera
I think speed cameras would slow people down more effectively if they were in full view
Enforcing the speed limit with speed cameras helps lower the road toll
Speed cameras are often used from different types of cars
I know of some locations where speed cameras are often set up
I have never seen a speed camera
I think speed cameras would catch more people if they were completely hidden
Note: displays correlation coefficients ≥ .4

I

II

III

IV

.71
.61
.61
.58
.54
.54
.69
.62
-.71
-.70
.62
.52
.66
.58
.57
.54
.54
.47
.68
.67
-.42

.65
.58
-.54
.45

Table 4: Summary of Second Factor Analysis of Perceptions of Enforcement
Item
I
II
III
IV
Factor I
Section IV, Factor I
.87
Section V, Factor II
.80
Section III, Factor I
.59
Factor II
Section IV, Factor II
.72
Section V, Factor III
.65
Section II, Factor III
.60
Factor III
Section II, Factor I
-.80
Section I, Factor III
-.70
Factor IV
Section I, Factor II
.65
Section III, Factor II
.63
Section I, Factor I
.55
Section II, Factor II
.44
Factor V
Section V, Factor IV
Section V, Factor I
Note: displays correlation coefficients ≥ .4

V

.82
.61

Identifying types of respondents
Cluster analyses indicated that a four-cluster solution was evident. This was confirmed by the
presence of four discriminant functions with a combined χ2(3) = 552.47, p < .000, for which
96.3% of cases were correctly classified. The results of the ANOVAs to identify the sources
of differences between clusters appear in Table 5.
Table 6: Means and ANOVA results of second order factor scores by cluster membership

Factor: Central themes

Total
(N = 999)

Cluster I
(n = 215)

Cluster II
(n = 271)

Cluster
III
(n = 234)

Cluster
IV
(n = 280)

F statistics
(p = .000)

Factor I: General detection
6.43b
5.37c
4.25a
F(3, 978) = 193.3
avoidance, effectiveness
5.10
4.22a
Factor II: Attitudes,
7.76a
5.61b
7.59a
F(3, 987) = 231.0
generally covert, overt
7.22
7.82a
reduce speeds
Factor III: Speed-related
5.99b
5.30c
4.11d
F(3, 996) = 304.5
behaviours, role in crashes
5.55
7.15a
Factor IV: Personal
6.09b
5.63c
6.81a
F(3, 989) = 57.0
driving ability, detection
6.28
6.54a
avoidance
Factor V: Cameras overt,
5.05b
6.83a
6.28c
F(3, 959) = 116.8
covert increase detection
6.21
6.93a
Note: Identical superscripts indicate means are significantly different from each other

Cluster I: Positive profile (79M, 136 F). These drivers who perceived general risk of
detection as low, but personal risk of detection as high, reported positive speed-related
attitudes and behaviours (well above average), and rated their driving ability as somewhat
above average. While they perceived general speed enforcement as covert, camera

enforcement was perceived as more overt. They believed that more overt speed enforcement
would slow down drivers more effectively, and that more covert speed camera use would
detect more speed offenders.
Cluster II: Very positive profile (108 M, 163 F). This group believed general risk of detection
was high, but personal risk low. They reported positive speed-related attitudes and
behaviours, and rated their driving ability somewhat below the average. They believed speed
enforcement, especially by camera, was covert, and that more overt programs would reduce
speeds, but did not agree that more covert programs would detect more speed offenders.
Cluster III: Negative profile (124 M, 110 F). These respondents perceived enforcement
(including camera), as very overt, general risk of detection as higher than average, but
personal risk as below average. They reported negative speed-related attitudes and
behaviours, and a below-average rating of their driving ability. While these drivers did not
believe that more overt speed enforcement would slow down drivers more effectively, they
did believe that more covert speed camera use would detect more speeding drivers.
Cluster IV: Very negative profile (128 M, 152 F). This group perceived enforcement levels
and risk of detection generally as quite low, while rating personal risk and driving ability
quite high. They reported positive speed-related attitudes, yet the most negative behaviours.
Enforcement was viewed as generally covert, but cameras as somewhat overt. They believed
more overt camera operations would slow down drivers more effectively, and that more
covert programs would detect more speeding drivers.
Profiles of the four groups of drivers
Sex [χ2(3) = 14.50, p < .01] and age [χ2(15) = 78.21, p < .000] were found across clusters.
Standardised adjusted residuals indicated Cluster I drivers were more likely to be female (2.4)
and far more likely to represent 60+ year olds (4.5; n = 68). Cluster II, somewhat equally
represented males and females and most age groups, although was less likely to represent 2029 year olds (-2.8; n = 29). Cluster III, was more likely to represent males (3.2) and much
more likely to represent 20-29 year olds (3.9; n = 57). Cluster IV, somewhat equally
represented males and females and was more representative of drivers under 20 years (3.1; n
= 16) and 20-29 years (2.5; n = 58).
Therefore, two subgroups were identified as prone to speeding and two as less-inclined to
speed. For those less inclined to speed, one subgroup represented more females and drivers of
60+ years of age, while the other represented both male and female drivers and every age
group except that of 20-29 year olds. This latter age group was most represented by the two
subgroups that were more inclined to speed. This age is a significant one, given that this
usually covers the period when probationary drivers receive a full licence, increasing their
legal BAC from .00 to .05g/100ml. Therefore, the interaction of both speed and drink driving
issues is important to explore for this age group.
One of these speeding subgroups was predominantly male. These drivers believed speed
enforcement was overt and that detection was avoidable. It is probable that these drivers
would be the most likely to change their speeding behaviour if speed camera operations
became more covert and they experienced greater risk of detection. The second subgroup was
represented somewhat equally by males and females and moreso by under 20 year olds (in
addition to 20-29 year olds). These drivers were prone to speeding behaviour even though
they perceived personal risk of detection as high. It is likely that this group represented the

type of driver previously identified in the literature as prone to speeding regardless of safety
or penalties. This confirmed that the learner and probationary periods are important ones to
target regarding the personal dangers of speeding, and that methods other than enforcement
(e.g. targetted emotive advertising) may be necessary to achieve behavioural change.
Regarding the overt and covert nature of Police enforcement programs, results indicated that
both were perceived as potentially generating positive outcomes. In relation to general speed
enforcement, it was believed that more overt programs would slow people down more
effectively. In relation to speed camera enforcement, it was believed that more covert
programs would detect more speeding drivers.
Overall therefore, cluster analyses generated meaningful distinctions that provided valuable
information for the Police, road safety organisations and researchers alike. The inclusion of
multiple measures allowed combinations of variables to be considered simultaneously and
offered rich profiles of driver subgroups that could benefit Police enforcement planning,
countermeasure development, and better targetted research.
It is recommended that road safety researchers further explore the use of cluster analysis in an
in-depth, systematic manner that will enhance the perceived validity and reliability of the
technique and allow stronger conclusions to be drawn regarding the exploratory findings that
result.
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Abstract
Increasingly, professionals on safety and risk issues are becoming aware that there are occasions when
people’s attitudes and behaviour towards risk and hazard has to be changed. This paper attempts to identify
determinants of risk behaviour and accident involvement in traffic, with the aim of developing effective
accident countermeasures. Several studies have related risk behaviour to traffic safety issues like collision risk
and accident rates, but the relationship between accidents and preceding behaviour is still largely unclear.
Attitude change is often hypothesise as a way of changing road user behaviour. However, correspondence
between measured dispositions and overt actions is not a simple matter, and more research is needed
addressing this issue in road safety research. Examination of associations between attitudes, risk behaviour
and involvement in near misses and accidents can help develop more adjusted and effective traffic safety
interventions by early identification of those more likely to be involved in accidents. A major challenge is to
find measures that influence the groups of high-risk recipients more efficiently. This study is based on a selfcompletion questionnaire survey carried out among a representative sample of Norwegian drivers1. The
sample was representative of the Norwegian public and collected in year 2000 and 2001 (n=2614), with a 50
% response rate. The questionnaire included measures of attitudes, risk behaviour, reactions from others and
involvement in near accidents and accidents. Results showed that attitudes towards traffic safety issues were
associated with involvement in risk behaviour in traffic, especially attitudes towards rule violations and
speeding. In addition, risk behaviour had a direct effect on the reactions drivers receive from others in traffic
and both involvement in near misses and accidents. Near misses and especially reactions from others
influenced accident involvement directly.
Introduction
Number of fatal injuries has increased in Norway during the last years. Driver behaviour is considered to play
a major role in traffic safety and accordingly behavioural change offers an opportunity for injury reduction
(Evans, 1996). The importance of behaviour in the prevention of vehicular accidents has been documented
extensively (e.g., Elander et al., 1993; Parker et al., 1995) and has led to attempts to encourage a variety of
safe driving behaviours (e.g. Juhnke et al., 1995; Martinez et al., 1996). Studies have shown that risk-taking is
a major factor underlying high collision risk (Jonah, 1986), and that self-reported violations predict accident
rates (Parker et al., 1995; West et al., 1993). Manstead et al. (1992) found associations between major
deviations from average traffic speed and increases in crash risk (Parker et al., 1992). Drivers who scored high
on violations and errors were more likely to be involved in accidents, than those who scored high on lapses
(Reason et al., 1990; Parker et al., 1995). Drink driving behaviours also make contributions to driver risks and
are associated with increased rates of risky driving behaviour, motor vehicle accidents and morbidity from
these accidents (Evans, 1991). Alcohol consumption leads to decreased reaction time, poorer eye-hand coordination and impaired driver performance (West et al., 1993). However, the association may reflect the fact
that individuals engaging in drink driving are characterised by other behavioural tendencies, independently of
alcohol consumption (Hedlund, 1994; West, 1995), like tendencies to risk taking and antisocial behaviour
patterns that may include risky driving behaviours (West, 1996). Horwood et al., (2000) suggested drink
driving as one of a constellation of risky driving behaviours that may include speeding, unsafe and careless
driving and that higher rates of accidents reflects a general tendency to risky driving rather than the specific
effects of alcohol on driver performance.
To summarise thus far, several studies have proven successful in relating risk behaviour to traffic safety
issues, like collision risk, crash risk and accident rates. Considering these results, it is expected that drivers
with a high score on self-reported risk behaviour will be more involved in accidents than others. However,
performance aspects as well as motivational aspects, individual differences and momentary state variables
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should also be encompassed when developing models and theories for the relationship between behaviour and
traffic safety.
Given that most violating behaviour is the result of a conscious decision taken by the driver, it follows that it
is useful to explore attitudes and motivation which lead to a decision to perform a certain behaviour. What
complicates attitude measurement is that behaviour is not always consistent with attitudes. In general the
correlation has been rather low, a review of 47 studies by Wicker (1969) showed that a great majority of the
correlation coefficients were rarely above 0.30 (R2 <. 0.10). However, this review only resulted in research
using more systematic and comprehensive techniques and a wide range of other variables influencing the
relationship were introduced.
Theory of Reasoned Action (TRA) (Fishbein & Ajzen, 1975; Ajzen & Fishbein, 1980) and its extension
Theory of Planned Behaviour (TPB) (Ajzen, 1985; Ajzen 1991) is models of determinants of human
behaviour, which has generated a great deal of interest. TRA stated that intention to display certain behaviours
could be predicted on the basis of attitude towards that behaviour and personal norm concerning the
behaviour. In TPB perceived behavioural control was included as a third primary predictor variable (PBC),
reflecting degree of perceived control over behavioural performance. Perceptions may not be accurate, but the
impact on intentions is not seen as being influenced by accuracy. Higher perceived behavioural control over a
positively evaluated behaviour will be associated with stronger intentions to perform the behaviour. Ajzen
(1988) stated that broad response dispositions are poor predictors of specific actions, but the relationship
between attitudes and behaviour tend to be strong when measures are at the same level of specificity.
A meta–analysis of 88 attitude-behaviour studies revealed that attitudes significantly and substantially predict
future behaviour (Kraus, 1995). The correlation was high when measured at corresponding levels of
specificity. However, corresponding attitudes and behaviour did not always correlate, similarly, attitudes and
behaviour could be highly correlated even when measures did not correspond. Kraus (1995) stressed the
importance of research on moderating variables, which specifies the conditions under which consistency will
and will not occur. The attitude-behaviour relationship has been the topic of considerable debate (see e.g.
Howarth, 1988). It seems that attempts to change beliefs and attitudes would offer a potential method of
bringing about behavioural change, but the role of level of specificity, belief accessibility, frequency of past
behaviour and moderating variables should also be considered in developing effective intervention campaigns
relating attitudes and behaviour.
Lawton et al. (1997) found self-reports of intentions to speed on a motorway to mirror the extent of the
problem behaviour fairly accurately. Persistent speeders were not miscalculating risk, but were rather taking
the risk deliberately. They made judgements about the degree of speeding that was acceptable on particular
roads and behaved accordingly. Lawton et al. (1997) suggested general road safety campaigns aimed
specifically at reducing speed as a useful strategy to reduce accidents. West et al., (1993) found accident
involvement related to self reported behaviour and social motivation. Other studies have shown correlation
between propensity to commit traffic law violations and accident involvement (Parker et al., 1992). Assum
(1997) found that accident risk was affected by attitudes when no other factors were considered, both in
general and especially according to the indices of responsibility and how one characterises oneself as a driver.
However, age and annual mileage turned out to be more important than attitudes, and he concluded that the
relationship between attitudes and accident risk is part of a complex web of relations between demographic
variables, behaviour variables and most likely, many others. Results from a study by Parker et al. (1998)
showed beliefs and attitudes as predictors of self-reported aggressive driving behaviour. However, several
explanations are possible. Those who get involved in aggressive driving behaviour develop less negative
affective attitudes, and even enjoy the buzz. Respondents with positive affective attitudes may anticipate the
buzz, and allow themselves to get into situations were driving incidents are likely. It may be difficult to state
whether intentions follow behaviour, or vice versa. In addition, self-presentational issues might affect the
results; some choose to present themselves as drivers who commit driving violations, and enjoy it.
Studies indicate that attitude is an important predictor for behaviour in traffic, but evaluations of effects from
traffic safety campaigns have concluded that only small changes are found in the target behaviour when trying
to change attitudes (Elvik et al., 1997; Aarø et al., 1996). Combinations of different measures can give more
significant effects on behaviour (Aarø et al., 1996). A meta-analysis of road safety media campaigns
(GADGET, 1999) evaluated effects of safety campaigns in Europe, and provided empirical evidence for the
statement that road safety campaigns can help reduce frequency of accidents especially when combined with
other measures. The analysis was conducted from 35 studies with 72 results, and only accidents were
explored. The overall effect of safety campaigns was estimated to reduce number of accidents by 8,5 % during
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the campaign period. For the after-period of campaigns the overall effect was nearly doubled: 14,8 %. Results
were attributed to all components of the campaign like enforcement, reward, legislation, educational
programme, etc., not only to the media campaign itself.
The first objective of this paper was to examine the relationship between attitudes toward traffic safety issues
and risk behaviour in traffic, expecting respondents with attitudes less focused on safety issues to be more
involved in risk behaviour. The reliabilities of the factor structures were also tested. The second aim was to
analyse the relationship between these two factors, near misses, reactions from others (passengers, police e.g.)
and involvement in accidents. It was hypothesised that drivers who reported high degree of risk behaviour
would be significantly more likely to acquire a reactions like warnings from the police, fines or convictions,
and also to be more frequently involved in near misses and accidents than those who did not. Reactions from
others can also influence ensuing behaviour, but this study focus on the opposite relation.
2. Method
2.1. Sample
The respondents of the present study were a representative sample of the Norwegian population with a
driver’s licence. They participated in a mail questionnaire survey carried out in 2000 and 2001. The response
rate was 51 %, and the final sample comprised a total of 2614 respondents, 48 % men and 522 % women.
They were on average 45 years of age. 44 % had a college/ university education, 47 % work related or senior
high school and the remaining junior high school.
2.2. Measures
Three dimensions comprising 18 variables measured attitudes related to traffic safety issues like rule
violations and speeding, others driving, combination of drinking and driving etc. (see Table 1). A five-point
evaluation scale was applied, ranging from “fully agree” to “fully disagree”. Risk behaviour comprised 26
items related to violations of traffic rules and speeding e.g. reckless driving, not using seat belts, drinking and
driving, attentiveness of others (see Table 2). The respondents were asked to assess how often they carried out
each of the activities on a five-point evaluation scale, ranging from 1 “very often” to 5 “never”. Reactions
from others consisted of five variables measuring frequency of achieved warnings from other passengers, road
users or the police and achieved fines or sentences. Registration of accidents was measured by involvement in
number of collisions and accidents as a driver. Near misses as a driver, passenger or pedestrian were also
reported. A three-point scale ranging from “never to “several times” measured all items related to reactions,
near misses and accidents.

2.3. Statistical analysis
Principal component analysis with iteration and varimax rotation was applied to detect underlying dimensions
of attitudes as well as risk behaviour. The Linear Structural Relation (LISREL) analysis program (Jöreskog
and Sörbom, 1993) was used for confirmatory factor analysis, and to explore the relationship between
attitudes, behaviour, reactions from others, near misses and involvement in accidents. The aim was to examine
the fit of the factor models carried out by the exploratory analysis, and to test the goodness-of-fit. Structural
Equation Modelling Made Simple (STREAMS) offers a consistent interface to the LISREL program and was
used as a support in this study (Gustafsson & Stahl, 2000). Cronbach’s alpha coefficient evaluated the internal
consistency of the indices.
3. Results
3.1 Dimensions of attitudes related to traffic safety
The principal component analyses identified three underlying dimensions of attitude. A confirmatory factor
analysis showed that no further adjustments were necessary; χ2 = 10345, d.f. = 153, RMSEA = .051, GFI =
.96, AGFI = .94 (see Table 3). The high value of χ2 must be considered in relation to the large size of the
sample. Attitudes towards traffic safety comprised three dimensions with a total of 18 different items.
Responses to each dimension were added for further analysis. However, one the core aims of the study were
to develop new instruments for measurement, accordingly the majority were items developed for this survey
in particular.
2
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The first factor entitled Attitude towards rule violations and speeding comprised statements concerning the
need to ignore traffic rules to ensure traffic flow or exceed speed limits to get ahead of “Sunday drivers”.
Questions were also related to respect of traffic lights, acceptance of taking chances or speed, or if you
consider yourself a good driver (see Table 1). The next factor, Attitude towards others careless driving
included evaluation of other peoples driving e.g. courage to speak up, riding with someone who speeds,
risking life and health by riding with a irresponsible driver. The last dimension questioned respondents
Attitude towards drinking and driving; if they ever considered driving after consuming alcohol, and if they
would ride with a driver they knew had been drinking.
The Cronbach’s α were found to be satisfactory for two of the three indices (see Table 3); the second
dimension (α = .620) had a lower α-value than the first (α= .833) and third (α = .836) dimension. A α-value
of 0.70 or higher is considered satisfactory (Nunnaly, 1978). In addition, item-analysis was carried out by
correlating the corrected sum score for a dimension with each of the single indicators of the dimension. It is
expected that the three dimensions all measure attitude towards traffic safety, however, different aspects. A
correlation coefficient above 0,30 indicates that each indicator measures the same as the other indicators, and
Table 3 shows that all the indicators satisfy this criterion. Analysis of intercorrelations between the three subscales showed that the strongest correlation is between the sub-scales concerning Attitude towards rule
violations and speeding and Attitude towards others careless driving (r = .42). Correlations between the other
relations were weaker, indicating less similar dimensions. Consequently, a model separating the items into
three dimensions seemed appropriate.
3.2 Attitudes towards traffic safety among the Norwegian public
Table 4 shows means and standard deviations for the dimensions measuring attitudes towards traffic safety,
and Table 5 shows %ages of “ideal” and “non-ideal” attitudes. There is a question of judgement what are
“ideal” and “non-ideal” attitudes; certain attitudes can in different situations induce both safe and unsafe
driving behaviour. A total of 11 % of the respondents reported “non-ideal” attitudes related to rule violations
and speeding. Only 3 % had “non-ideal” attitudes related to others careless driving behaviour and 4 % related
to drinking and driving. The potential of improvement is most important related to the following attitudes: 20
% believed that many traffic rules must be ignored to ensure traffic flow (means and standard deviations for
each item are listed in Table 1. Every fifth respondent thought that drivers who break traffic rules not
necessarily have more risky driving styles than other drivers, and 23 % considered it acceptable to drive at
100 mph when others were not around. Many (28 %) believed that it make sense to exceed speed limits to get
ahead of “Sunday drivers”, 11 % rides with insecure drivers when no other transport options exists, and 3 %
with drivers they know have been drinking.
These results indicate that despite positive attitudes toward traffic safety issues, there are potentials for
improvement, especially related to the violations of rules and speeding.
3.3 Dimensions of risk behaviour related to traffic safety
Explorative factor analyses were carried out to examine dimensions of behaviour, and risk behaviour in traffic
was measured by 26 different items. STREAMS/ LISREL was applied for a confirmatory factor analysis (see
Table 6). Table 6 displays eight underlying dimensions, the total inter-item correlation coefficients and interitem correlation coefficients for each of the indicators. The factors were entitled Violations of traffic rules and
speeding (α = .813), Reckless driving/ funriding (α = .671), 3. Not using seat belts, (α = .677), Cautious and
watchful driving (α = .665), Drinking and driving (α = .444), Attentiveness of children in traffic (α =. 816),
Discussing traffic safety with others (α = .616), and finally Driving below speed limits (α = .846). Most of the
α-values indicated internal consistency for the dimensions, and the fit of the model was also good (RMSEA =
.050, GFI = .94, AGFI = .93). Table 7 shows intercorrelations between sub-scales measuring behaviour. The
strongest correlation was found between Violations of traffic rules/ speeding and Reckless driving/ funriding (r
= .63), indicating similar dimensions. The result suggests that it can be questioned if variables comprising
these dimensions were too similar, and measured behaviours too closely related to be separated. However, the
dimensions consisted of items representing different aspects of risk behaviour, and it was therefore considered
conceptually meaningful to use two dimensions in further analysis. Other sub-scales were moderately to
weakly correlated, indicating that risk taking behaviour in traffic are multidimensional.
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3.4 Risk behaviour in traffic
Means and standard deviations for the dimensions of risk behaviour are shown in Table 8. Table 9 shows
“ideal” and “non-ideal” behaviour. Questioning definitions of “ideal” and “non-ideal” should also be noted
related to behaviour in traffic. An example is driving below speed limits. In some situation this behaviour can
have a dangerous effect, reducing traffic flow and irritating other drivers. In other situations it is an important
adjustment to difficult road conditions and represents cautious and responsible driving. Important areas of
improvement are summarised, and means and standard deviations for each item are listed in Table 2. 59 %
drive below speed limits, 15 % never discusses traffic safety with others and 12 % are involved in “non-ideal”
behaviour related to violation of traffic rules and speeding. Many break 50 mph (31 %) and 80-90 mph (69 %)
speed limits with more than 10 mph., and overtake the car in front even when it keeps appropriate speed (35
%). Furthermore, 30 % ignore traffic rules to secure more continuos driving, and more than half of the sample
(54 %) drive faster to catch up on appointments, and keep driving when they are tired and realise that they
need a break (59 %). Some (21 %) drive short distances without wearing a seat belt.
The present findings illustrate again the importance of focusing on risk behaviour related to speeding and
violations of traffic rules. These risk behaviours turn out to be prevalent violations, and studies have shown
that risk-taking is a major factor underlying high collision risk, (Jonah, 1986), and that self-reported violations
predict accident rates (Parker et al., 1995; West et al., 1993). Associations have been found between major
deviations from the average traffic speed and increase in crash risk (Parker et al., 1992). It seems like
speeding is both common and regarded with a degree of tolerance.
3.5 Reactions from others and involvement in near misses and accidents
Overall, 15 % of the respondents had experienced traffic accidents where a person had been injured, and 68 %
had been involved in one or more collisions where the vehicle was damaged. A large number of the sample
had experienced near-accidents, either as a driver (82 %), a passenger (70 %) or a pedestrian (41 %). Only 3
% had been sentenced, and 23 % had been fined related to different situations in traffic. The police or
Department of Motor Vehicles had given 15 % of the respondents a warning, and 52 % had received negative
reactions from passengers or others while driving.
3.6 The relationship between attitudes and risk behaviour
Structural equation modelling was applied to explore the relationship between attitudes, behaviour, reactions
from others, near misses and involvement in accidents. The first model examines the relationship between
attitudes towards traffic safety and risk behaviour in traffic (see Figure 1). The exogenous, latent variables
were the three dimensions of attitude, and the endogenous, latent variable was risk behaviour. The three
predictors explained 41 % of the total variance in risk behaviour. Attitude towards rule violations and
speeding was the strongest predictor for risk behaviour (β = 0.59). Attitude towards drinking and driving (β =
0.23) was also associated with risk behaviour, but Attitude towards others careless driving (β = 0.08) did not
seem important to explain variations in risk behaviour. The model fit was satisfactory, RMSEA = .10, GFI =
.97, AGFI .96.
3.7 Predictors of accidents and near misses in traffic
In the next model it is hypothesised that attitudes, risk behaviour, reactions from others and near misses
influences accident involvement. However, as seen in the previous model, attitudes influence behaviour and
behaviour can both have a direct and indirect effect on involvement in accidents via reactions from others and
near misses. Reactions from others and near misses can also have a direct effect on accident involvement. The
results in Figure 2 show that attitudes contributed significantly to the respondents’ risk behaviour (β = 0.86).
Risk behaviour influence the respondents reactions from others (β = -0.51) but also involvement in near
misses in traffic (β = -0.39), especially as a driver or passenger. Risk behaviour (β = 0.18), near misses (β =
0.31) and reactions from others (β = 0.63) have all a direct effect on accident involvement. Taken together,
these variables account for 44 % of the total variance in accident involvement. The model fit was good,
RMSEA = .067, GFI = .93, AGFI .90.Identical models were tested using attitudes and reactions as predictors
of risk behaviour, and risk behaviour as predictor of near misses and accidents, another linked attitudes
directly to accident involvement. Contrary to what we found in the previous model (Figure 2) the results
showed a very weak fit, indicating that the model in Figure 2 explains more of the total variance in accident
involvement behaviour compared to these models.
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4. Discussion
The first aim of this study was to examine whether individuals with a high propensity for risk behaviour had
more negative attitudes towards traffic safety issues compared to those who score low on this variable. The
results provided further evidence for the contribution to prediction of behaviour made by attitudes. Attitudes
towards traffic safety were associated with involvement in risk behaviour, especially attitudes concerning rule
violations and speeding and reckless driving. Consequently, changing attitudes represent a potential method of
bringing about behaviour change. If beliefs and values, which motivate individuals to behave in particular
ways, can be specified, attempts to change that behaviour can be more precisely targeted. Many interventions
studies based on this assumption have failed to show any significant effects. One of the reasons can be that
they intend to effect too large and inhomogeneous groups of drivers. Identification of groups representing
specific attitudes associated with specific risk behaviour more than others can help develop more adjusted and
effective traffic safety interventions. The key determinants of risk behaviour and accident involvement should
be identified and modified, and studied more closely to influence the specific groups.
The results show that dispositional concepts can yield useful information when appropriately applied. The
focus should be on specific attitudes and related specific behaviours. However, many different factors
influence behaviour in traffic. It might be optimistic to indicate that only attitudes as such can predict certain
behaviours. In survey studies outside variables always encroach upon a dependent variable, and results are
sensitive to forces other than those in the explicit defined theoretical system. Distinguishing “cause” and
“effect” is not straightforward. Research reviewed in this article indicates that attitudes should be regarded as
part of a complex dynamic system rather than simple evaluative judgements. Attitudes are inherently social,
closely tied in with communication with others.
Specific attitudes predict specific behaviour, but the most efficient measure to change a specific behaviour is
not necessarily to implement measures to change the corresponding attitude directly. One reason for the lack
of success in changing health destructive behaviour might be that the measures have been too specifically
related to certain beliefs and attitudes. Safe driving may be associated with other health protective behaviours.
A complementary strategy for changing people’s choices and actions in a less destructive direction may
therefore be to influence other types of behaviour as well as attitudes assumed to exert a direct influence on
traffic behaviour.
The attitude-behaviour relationship has been the topic of considerable debate, and this paper has only touched
upon some of the arguments. A basic understanding of the nature of attitudes and how it relates to behaviour
seem vital, but the role of level of specificity, belief accessibility, frequency of past behaviour and moderating
variables should also be considered in the process of developing effective intervention campaigns.
The second aim of this paper was to analyse the relationship between attitudes, risk behaviour, near misses,
reactions from others and accident involvement. Risk behaviour had a direct effect on the reactions drivers
receive from others in traffic, e.g. the police, other passengers. It is difficult to state whether reactions follow
behaviour, or vice versa. Those who get involved relatively more often in risk behaviour might get more
reactions from others. Alternatively, it may be that receiving many reactions also influence frequency of
aggressive and risky driving. Risk behaviour had also a direct effect on both involvement in near misses and
involvement in accidents. As expected, near misses and especially reactions from others influenced
involvement in accidents directly. The association between reactions and accident were strong, which
illustrate the importance of pinpointing target groups like those who have most positive attitudes towards rule
violations and speeding, practice these attitudes and have received many reactions.
The majority of studies have used records of accidents as criteria for traffic safety measures. Comprehensive
models of individual differences should be recorded on specific measures and include the behavioural level,
not only outcomes. Mechanisms behind different types of accidents can be different, and both accident mass
and related behaviour should be disaggregated (Summala, 1996). Accidents are rare events, and it is difficult
to obtain valid information about occurrence and preceding behaviour. A strict experimental design and
behaviour only measured by number of accidents, influence probability of making a type 2 error (deciding in
favour of a 0 hypothesis that indicated that no correlation exist when this conclusion is actually false).
Information trying to change attitudes to certain behaviours can have effects even if an immediate decline in
number of accidents is not registered (Aarø & Rise, 1996). The information can also influence the foundation
to change attitudes related to other favourable behaviours. This study indicates that self-reports may provide a
sensitive and appropriate outcome for the study of the association between attitudes, risk behaviour and
accident involvement. However, it is important to note that self-presentational issues can affect the results.
Risk behaviour can be motivationally based, and certain people choose to present themselves as drivers who
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commit driving violations. Others show a deliberate tendency to give favourable self-descriptions to make the
best possible impression.
Environmental factors and situational aspects must also be considered when addressing these issues. These
factors are more transient and temporary and can represent the stimuli to trigger reactions that stem from more
temperamental or personality factors. Societal norms and pressures influence calculations and shape attitudes
towards risk-taking and rule-breaking behaviour. Consequently, the study of rule violations and accident
involvement must consider the inherent social context in which the actions take place.
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Table 1. Means and S.D. for attitudes towards traffic safety.
Variables
1. Many traffic rules must be ignored to ensure traffic flow
2. It make sense to exceed speed limits to get ahead of Sunday drivers
3. Traffic rules must be respected regardless of road and weather conditions
4. Speed limits are exceeded because they are too restrictive
5. It is acceptable to drive when traffic lights shifts from yellow to red
6. It is unnecessary to respect a red traffic light when nobody is around
7. Taking chances and breaking a few rules does not necessarily make bad drivers
8. It is acceptable to take chances when no other people are involved
9. Traffic rules are often too complicated to be carried out in practice
10. If you are a good driver it is acceptable to drive a little faster
11. When road conditions are good and nobody is around driving in 100 mph is ok
12. Punishments for speeding should have been more restrictive
13. I will ride with someone who speeds if that’s the only way to get home at night
14. I will ride with someone who speeds if others do
15. I don’t want to risk my life and health by riding with a irresponsible driver
16. It is my responsibility to respond if my friends drives in a irresponsible manner
17. I would never drive after drinking alcohol
18. I would never ride with someone I knew have been drinking alcohol
Ratings given on a 5-point scale from (1), strongly agree to (5) strongly disagree.
Table 2. Means and S.D. for risk behaviour in traffic.
Variables
1. Break 50 mph speed limits with more than 10 mph
2. Break 80-90 mph speed limits with more than 10 mph
3. Overtake the car in front even when it keeps appropriate speed
4. Break traffic rules to secure more continuos driving
5. Ignore traffic rules to proceed faster
6. Drive faster to catch up on an appointment
7. Drive too close to the car in front to be able to stop if it was using the brake
8. Are distracted because of things happening around you while driving
9. Create dangerous situations because you are not attentive enough
10. Drive without enough safety margins
11. Keep driving when you are tired and actually need a break
12. Drive short distances in a car without wearing a seat belt
13. Drive long distances in a car without wearing a seat belt
14. Reduce speed because the car behind you tries to pass
15. Reduce speed when you see a sign indicating danger
16. Reduce speed when conditions are bad even though the speed limits are higher
17. Reduce speed to far below speed limit when the roads are slippery
18. Drive after you have been drinking more than one glass of beer or wine
19. Drive the morning after drinking, uncertain that the alcohol is out of your body
20. Ride with a person you know have been drinking too much alcohol
21. Reduce speed to 30 mph when signs show that you are in an area where children play.
22. Reduce speed in areas where children plays even when no children can be seen
23. Speak up and tell the driver when you think the driving is incautious
24. Discuss traffic safety with others
25. Drive below a speed limit of 30 mph
26. Drive below a speed limit of 50 mph
Ratings given on a 5-point scale from (1), very often to (5) never.
Table 3. Dimensions of attitude towards traffic safety.
Dimensions
Factor
loading
I Attitude towards rule violations and speeding
λ 1.1
.54
λ1.2
.61

Cronbach’s
α
.833

Mean
3.40
3.13
2.53
3.46
3.63
4.56
3.43
4.13
3.90
3.85
3.30
3.21
3.60
4.23
2.05
1.78
1.55
1.47

Mean
3.78
2.99
3.83
4.09
3.53
3.41
2.11
2.10
2.44
3.85
4.28
4.83
2.57
4.27
3.71
4.03
3.45
3.99
1.93
1.89
3.64
4.96
4.58
4.94
2.45
2.52

S.D.
1.03
1.07
1.05
1.10
.92
.72
1.05
.82
.81
.85
1.08
1.00
.92
.74
1.05
.69
.90
.81

S.D.
.87
1.02
.95
.68
1.03
.92
.86
.81
.89
1.12
1.01
.58
.90
.71
.70
.54
.87
.80
.74
.81
.78
.24
.64
.26
.95
.91

Inter-item Loevinger’s H
correlation
.59
.59∗∗∗
.63∗∗∗
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λ1.3
-.42
.51∗∗∗
λ1.4
.78
.73∗∗∗
λ1.5
.40
.50∗∗∗
λ1.6
.27
.43∗∗∗
λ1.7
.59
.63∗∗∗
λ1.8
.43
.57∗∗∗
λ1.9
.39
.52∗∗∗
λ1.10
.57
.68∗∗∗
λ1.11
.75
.72∗∗∗
λ1.12
-.53
.58∗∗∗
II Attitude towards others careless driving
.620
.69
λ2.13
.69
.76∗∗∗
λ2.14
.55
.72∗∗∗
λ2.15
-.39
.71∗∗∗
λ2.16
-.24
.57∗∗∗
III Attitude towards drinking and driving
.836
.93
λ3.17
.69
.93∗∗∗
λ3.18
.75
.92∗∗∗
∗∗∗
∗∗
∗
p<. 001, p<. 01, p<. 05
Root Mean Square Residual (RMSEA) = .051, χ2 = 10345, d.f. = 153, Goodness of Fit Index (GFI) = .96,
Adjusted GFI = .94
Table 4. Means and S.D. for dimensions of attitudes towards traffic safety.
Dimensions
I Attitude towards rule violations and speeding
II Attitude towards others careless driving
III Attitude towards drinking and driving
Ratings given on a 5-point scale from (1), strongly agree to (5) strongly disagree.

Mean
2.41
2.00
1.51

Table 5. Percentages, means and S.D. for “ideal” and “non-ideal” attitudes.
%
Dimensions
“Ideal”
Neither “ideal” “Nonnor “non-ideal” ideal”
I Attitude towards rule violations and
28
61
11
speeding
II Attitude towards others careless driving
59
38
3
III Attitude towards drinking and driving
88
8
4
Ratings given on a 5-point scale from (1), strongly agree to (5) strongly disagree.
Table 6. Dimensions of risk behaviour in traffic.
Factor
loading
I Violations of traffic rules/ speeding
λ1.1
.63
λ1.2
.77
λ1.3
.70
λ1.4
.48
λ1.5
.68
λ1.6
.71
II Reckless driving/ funriding
λ2.7
.62
λ2.8
.41
λ2.9
.48
λ2.10
.59
λ2.11
.57
III Not using seat belts
λ3.12
.89
λ3.13
.67
IV Cautious and watchful driving
λ4.14
.38
λ4.15
.55
λ4.16
.70

Cronbachs
α
.813

.671

.677
.665

Inter-item
correlation
.73
.68∗∗∗
.81∗∗∗
.77∗∗∗
.66∗∗∗
.71∗∗∗
.74∗∗∗
.66
.68∗∗∗
.62∗∗∗
.63∗∗∗
.70∗∗∗
.67∗∗∗
.89
.95∗∗∗
.82∗∗∗
.71
.65∗∗∗
.71∗∗∗
.73∗∗∗

S.D.
.57
.59
.79

Mean

S.D.

1.83

.61

1.44
1.16

.55
.46

Loevinger’s
H
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λ4.17
.74
.76∗∗∗
V Drinking and driving
.444
.70
λ5.18
.57
.60∗∗∗
λ5.19
.57
.89∗∗∗
λ5.20
.58
.62∗∗∗
VI Attentiveness of children in traffic
.816
.93
λ6.21
.84
.93∗∗∗
λ6.22
.83
.92∗∗∗
VII Discussing traffic safety with others
.616
.85
λ 7.23
.51
.86∗∗∗
λ7.24
.89
.84∗∗∗
VIII Driving below speed limits
.846
.93
λ8.25
.87
.94∗∗∗
λ8.26
.84
.92∗∗∗
∗∗∗
∗∗
∗
p<. 001, p<. 01, p<. 05
Root Mean Square Residual (RMSEA) = .050, χ2 = 17249, d.f. = 325, Goodness of Fit Index (GFI) = .94,
Adjusted GFI = .93
Table 7. Intercorrelations between the dimensions of risk behaviour (λ
λ- values).
Dimensions
I
II
III
IV
V
VI
I Violations of traffic rules/ speeding
II Reckless driving/ funriding
.63
III Not using seat belts
.43
.28
IV Cautious and watchful driving
-.41
-.32
-.17
V Drinking and driving
.42
.40
.31
-22
VI Attentiveness of children in traffic
-.19
-.25
-.05
.47
-.17
VII Discussing traffic safety with others
-.32
-.28
-.14
.43
-.21
.27
VIII Driving below speed limits
-.17
-.09
-.09
.35
-.11
.31
Table 8. Means and S.D. for dimensions of risk behaviour in traffic.
Dimensions
I Violations of traffic rules and speeding
II Reckless driving/ funriding
III Not using seat belts
IV Cautious and watchful driving
V Drinking and driving
VI Attentiveness of children in traffic
VII Discussing traffic safety with others
VIII Driving below speed limits
Ratings given on a 5-point scale from (1), very often to (5) never.

Mean
2.31
2.11
1.45
2.21
1.18
2.11
2.48
3.47

Table 9. Percentages, means and S.D. for “ideal” and “non-ideal” behaviour.
%
Dimensions
“Ideal” Neither “ideal”
“Nonor “non-ideal”
ideal”
I Violations of traffic rules and speeding
38
50
12
II Reckless driving/ funriding
49
48
3
III Not using seat belts
88
8
4
IV Cautious and watchful driving
45
48
7
V Drinking and driving
99
1
0
VI Attentiveness of children in traffic
64
29
7
VII Discussing traffic safety with others
39
46
15
VIII Driving below speed limits
11
30
59
Ratings given on a 5-point scale from (1), very often to (5) never.

VII

.17
S.D.
.68
.46
.72
.59
.29
.77
.79
.91

Mean

S.D.

1.74
1.53
1.15
1.61
1.01
1.43
1.76
2.48

.66
.55
.45
.60
.11
.62
.70
.69
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Figure 1. Attitudinal predictors of risk behaviour.
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Figure 2. Effects of attitudes, behaviour, reactions from others and near-accidents on accident
involvement.
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Abstract
During the last few years the frequency of fatal injuries caused by traffic accidents has
increased in Norway and this is a threat to public health. Young drivers and their passengers
are high-risk groups and accidents amongst adolescents reduce the years of living more than
most other threats to human health. Therefore, the Norwegian Authorities of Public Roads
prioritize to find measures aimed at reducing the number of health injuries caused by
adolescent risk taking in traffic. The present paper shows some results from a study aimed at
evaluating the effects of several measures implemented to promote adolescent safe driving
behavior in two Norwegian counties. A total of about 4376 respondents have responded to a
self-completion questionnaire, including adolescents in the two counties as well as
respondents from other counties not taking part in the intervention program. The response rate
was 93 percent. There was a significant change in self-report behavior, attitudes towards
traffic safety and risk perception when the group of respondents replying to the questionnaire
before exposed to the measures was compared to those who did so after. The number of
accidents is also reduced to a greater extent in the two participating counties compared to
other Norwegian counties. Multivariate analyses showed significant associations between risk
perception, risk-taking attitudes and driving behavior. Model tests showed that assessments of
the probability of traffic accidents and concern were insignificant predictors for self-report
risk behaviour. Worry and emotional reactions related to traffic hazards significantly
predicted behaviour. Sensation seeking, normlessness, and indifference with regard to traffic
safety affected emotion-based risk perception.
Introduction
Young drivers are more frequently involved in accidents caused by inappropriate speed and
loss of control of the vehicle compared to other age groups of drivers (Jonah, 1986; Michiels
and Schneider, 1984; Tränkle et al., 1990). Their accidents also more often take place in
curves and are caused by speeding. These types of accidents are also associated with open
roads and rural traffic environments. In Norway a campaign to promote safe driving
behaviour, has been carried out among adolescents in two counties since 1998. The campaign
focused especially on speeding accidents. The main elements were two multimedia
productions, a training program about traffic safety to be applied by high schools, and
extensive police surveillance. In addition, posters, movie commercials as well as competitions
on traffic safety knowledge were part of the campaign. The posters aimed at reaching
sensation seekers, “normless” adolescents and those who were indifferent with regard to
traffic safety. These groups were hypothesised to be especially vulnerable to traffic accidents
and therefore important to reach. Campaign teams also visited the high schools in the two
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counties to talk personally to every adolescent about traffic hazards and traffic safety. The
teams consisted of persons from the Authorities of Public Roads, the police and persons who
had been victims of serious traffic accidents. The first aim of the present paper is to examine
some of the effects of the campaign.
The majority of traffic campaigns are aimed at influencing attitudes towards traffic
safety. However, many evaluation studies have failed to document effects on traffic safety.
The reasons are several. According to Wilde (1993) and Aarø and Rise (1996) the
measurement instruments applied for evaluation of effects have been inappropriate in many of
the studies. In addition, accident is often the only criterion variable and this is not always an
ideal criterion. A third cause for the lack of success can be that the campaigns have aimed at
influencing safety attitudes in general, and did not to a proper extent focus on perception of
risk.
Deery (1999) concluded that young novice drivers are characterised by perceiving
relatively low levels of risk in specific driving situations compared to other groups of drivers.
According to Brown and Groeger (1988) the overrepresentation of young novice drivers in
specific types of accidents, e.g. those caused by inappropriate speeding, is that they
underestimate the probability of specific risks caused by these traffic situations. The
perceptions include potential hazards in the environment as well as self-assessed driving
ability. Young drivers perceive hazards in traffic less holistically (Milech, Glencross and
Hartley, 1989; Deery, 1999), and concentrate on the danger rather on the difficulty involved
in carrying out particular manoeuvres (Groeger and Chapman, 1996). They also detect
hazards more slowly, and fail to discover hazards more often (McKenna and Crick, 1997).
Glik, Kronenfeld, Jackson and Zhang (1999) found that younger men did not perceive
themselves at greater risk of traffic accidents compared to other groups. Accordingly,
Gregersen (1996) found that young drivers tended to overestimate their own driver skills.
Sivak, Soler, Traenkle and Sagnhol (1989) analysed risk perception related to 23 slideprojected traffic scenes among a total of 400 drivers. 18-24 years old drivers reported lower
risk than did middle-aged. In general, the majority of surveys show that young drivers
underestimate hazards in traffic. In many studies judgement bias is hypothesised to be the
core causal factor for accidents.
In line with other risky activities traffic accident is linked to negative consequences,
i.e. damages, injuries, sickness, losses and human suffering. Risky activities or hazard may
therefore also be associated with insecurity, worry, and anxiety. However, affective reactions
have rarely been measured in studies on perception of traffic risks. Especially, there is a lack
of research analysing the relative importance of affect and cognition in risk judgements and
risk behaviour.
Multicomponent models of attitudes suggest that cognitive and affective responses are
separable, yet related, aspects of attitudes (e.g Eagly and Chaiken, 1993; Zanna and Rempel,
1988, see also Haddock and Zanna, 1999). Cognitive-based and emotion-based elements of
attitudes related differently to past experience and behaviour (Brecker and Wiggins, 1989;
Millar and Tesser, 1986). Affective reactions have also been hypothesised to be primary to
cognition (Zajonc, 1980; Murphy and Zajonc, 1993; Rundmo and Sjöberg, 1998; Rundmo,
2000). If affect and cognition can be distinguished, the reasons for affect being primary to
cognition may be that evaluative judgements related to cognition are more “complex”
compared to an overall assessment of one’s feelings. Verplanken, Hofstee and Janssen (1998)
showed in an experiment that the response time was shorter when respondents were instructed
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to report their feelings towards an object compared to their beliefs. The explanation set
forward was that emotion-based responses are primary because they are more “accessible”
compared to cognition-based responses. According to Mehrabian and Russel (1974) affect is
crucial for how people would behave in a setting. Physical features of the environment as well
as social aspects of a setting are relevant for emotions as well as behaviour (Orford, 1992).
The hypothesis of the present study is that emotion-based risk perception influences risk
behaviour in traffic and cognition-based perception is not significantly associated with
behaviour. Affectivity may be critical for the capability of adjusting to the traffic setting and
of avoiding traffic hazards. Therefore, emotions are basic to cognition.
In addition to the characteristics of the setting, people’s experience of the setting is
partly an individual matter (Mehrabian and Russel, 1974). Consequently, personality factors
may be associated with affective reactions to the situation or the setting, as well as with risk
behaviour. Deery and Fildes (1999) found that high-risk young novice drivers were
characterised by high levels of sensation seeking, aggression, driving to reduce tension, and
hostility. In a study aimed at finding measures to reduce rail-automobile accidents, Witte and
Donohue (2000) showed that sensation-seeking tendencies caused the driver to experience
greater frustration and exhibit greater judgement distortions around rail crossings, which in
turn resulted in risk behaviour. A study of male taxi drivers also showed that high-risk
personality and sensation seeking were associated with high speeding and traffic rule
violations (Burns and Wilde, 1995). Several other studies have also shown an association
between sensation seeking and mood as well as emotions (Carton, Jouvent, Bungener and
Widloecher, 1992; Lawton, Powell, Rajagopal and Dean, , 1992; Teichman, Baarnea, and
Rahav, 1989). If emotions are important for traffic behaviour and individual factors affect
how drivers perceive traffic settings, we would expect personality variables to be significantly
associated with affectivity. Accordingly, the second aim of this paper is to examine the
association between risk perception and traffic behaviour and examine the relative effects of
cognitive-based and emotion-based risk perception in behaviour as well as the interaction
between risk perception, behaviour and personality.
Methods
Sample
A survey was carried out among adolescents aged 18-24 years old in two Norwegian counties.
The questionnaire was filled in during school visits in the classroom and collected
immediately after completion (n=4376). Of these, 306 questionnaires were excluded from
further analysis because they either were not filled in, unsatisfactorily answered or because
the answers were not valid. The response rate was 93 per cent. There were 1769 male and
2232 female respondents and 1795 of the respondents had a driving licence.
Questionnaire
The questionnaire contained a total of nine indicators of risk perception (see Table 1). The
indicators were intended to measure different aspects of perceived risk, including probability
assessments related to health injuries caused by traffic accidents as well as worry and concern,
i.e. affectivity when considering on traffic related risks. The assessments included the
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probability for the respondent himself or herself as well as for an adolescent in general. The
same distinction was measured for worry and concern. The respondents were also asked to
assess how often they thought about traffic related hazards and were concerned about them. A
seven-point bipolar evaluation scale was applied for measuring all types of risk perception. In
addition, the questionnaire contained eight indicators of affective reactions related to traffic
risks. A seven-point semantic differential was used to measure affect. The respondents were
asked to assess to which extent they were worried, elated or depressed, in a good or bad
mood, calm or upset, relaxed or anxious, balanced or irritated, happy or sad, and concerned or
non-concerned when thinking about traffic related risks and hazards. A seven-point bipolar
scale was applied on all these items. The following personality traits were measured:
Sensation seeking (Costa and McCrae, 1994), normlessness (Kohn and Schooler, 1983), and
indifference and bluntness related to traffic safety (Rundmo and Ulleberg, 2000). Fifteen
indicators measured self-report risk behaviour (Rundmo, 1996, 1998). The respondents were
also asked for their age, gender, whether or not they had a driving licence and also about their
experience as a driver.
Statistical Analysis
Principal component analysis with varimax rotation and iteration was used to identify
dimensions of perceived risk, affect when thinking on traffic related risks, and concern as well
as risk behaviour. Cronbach’s α checked internal consistency. In addition to the α, Mokken
scale analysis (Mokken, 1971) for polytomous items was applied to test the reliability of the
items identified through the principal component analyses (Molenaar, Debets, Sijtsma and
Hemker, 1994). The scalability of the total scale is defined by Loevinger’s H coefficient,
which is calculated 1 - F/E. The indicators belong to the same underlying dimension if all Hij
> 0. Another requirement is that for all the item coefficients of scalability, Hi is larger than the
constant c > .30. H < 0,30 indicates that the indicators do not form a scale. When the H-value
is around 0,30 the indicators form a weak scale. An average scale has an H - value around
0,40 to 0,50 and a value > 0,50 indicates a strong scale.
Structural Equation Modelling (SEM) was applied to examine associations between
risk perception and risk behaviour in traffic as well as in the analysis of indirect and
moderating effects on risk behaviour of the personality variables. Unweighted z-scores were
applied in all analyses. The interaction effects were entered as directly observed predictors
and the latent variable was measured by several directly observed predictors, i.e. a MIMIC
(Multiple Indicators and Multiple Causes) - model. This model consisted of one latent
endogenous variable and several directly measured predictor variables. This model was
selected because the aim was to determine the effect of each predictor separately, i.e. to
analyse the relative association with risk behaviour of cognitive-based and emotion-based risk
assessments. In addition, the same type of model was applied for analysing interactions or
mediating effects of the personality variables (sensation seeking, normlessness and
indifference). To avoid the problem of mulitcollinearity in the analysis of mediator effects the
procedure described by Dunlap and Kemery (1987) was used. A SEM-model with latent
variables on personality, risk perception and risk behaviour was used to examine indirect
effects of personality on risk behaviour. Associations between the MIMIC-models as well as
the confirmatory factor analyses and our data were examined by means of Root Means Square
of Approximation (RMSEA), the χ2 − test as well as the General Fit Index (GFI) and the
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Adjusted GFI (AGFI). Due to the fact that there are several problems with applying the χ2test as a fit measure, (see e.g. Hu and Bentler, 1995), we did not give too much weight to
deviations between the model and the data. The size of the sample was large and the models
were quite complex. The other fit indices (GFI and AGFI) were satisfactory, > 0,900 and
RMSEA < 0,07.
Results
Dimensions of Perceived Risk
Table 1 shows that the risk perception indicators were separated into three different
dimensions (see also Rundmo and Ulleberg, 2000a-c, Ulleberg and Rundmo, 2000). The first
measured affect related to traffic related risk, i.e. the extent to which the respondent felt safe
or unsafe, as well as worried and concerned, α = 0,89, Loevinger’s H = 0,71. The second
dimension consisted of the cognitive aspects of risk perception, which was the probability
assessments, α = 0,67, Loevinger’s H = 0,54, and the third was concern, which is how often
the respondent was thinking about traffic related hazards, α = 0,81, Loevinger H = 0,70. In
addition, item-analysis was carried out by correlating the corrected sum score for a dimension
with each of the single indicators of the dimension. The corrected total score was the score for
all items of a dimension minus the single item which the sum score was correlated with. An
indicator measures the same as the other indicators when the correlation coefficient is above
0,30. Due to the fact that the reliability was satisfactory for all the three dimensions there was
no reason for conducting inter-item analysis. Thereafter, a principal component analysis of the
emotion-indicators was carried out. The exploratory analysis showed that the indicators fell
into one dimension (Table 2). The item-analysis also showed that the reliability was
satisfactory when the last indicator was removed, α = 0,89, Loevinger’s H = 0,64.
Table 1: Dimensions of risk perception

Dimension 1: Emotion-based risk perception: Worry and
insecurity
Feeling unsafe that you yourself could be injured in a traffic
accident
Worried about yourself being injured in a traffic accident
Feeling unsafe that an adolescent in general could be injured
in a traffic accident
Worried that an adolescent in general could be injured in a
traffic accident
Dimension 2: Cognition-based risk perception: Probability
assessments
How probable do you think it is in general for an adolescent
to be injured in a traffic accident?
How probable do you think it is for yourself to be injured in
a traffic accident?
Dimension 3: Concern
How concerned are you about traffic risks and what do you
think about the risks for an adolescent in general?
How concerned are you about traffic risks and the possibility
that you yourself could be the victim of an accident

Dim. 1

Dim.2 Dim. 3

.87

.16

.13

.87
.83

.14
.20

.14
.15

.79

.21

.22

.21

.84

-

.19

.84

-

.17

-

.90

.20

-

.89
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Table 2. Dimensions of emotion-based risk perception: Emotional reactions to traffic risk
Dimension 1
Relaxed – anxious
.87
Calm – upset
.86
In good mood – in bad mood
.81
Happy – sad
.81
Balanced – irritated
.76
Elated – depressed
.72
Very worried – not at all worried
.65
Concerned – non-concerned
.42
Eigenvalue
4.52
56,4% explained variance

Identical analyses to those carried out for testing the reliability of risk perception were used
on risk behaviour. The following three dimensions appeared. The first was entitled unsafe
driving and social pressure, which contained indicators of behaviour motivated by
expectations and pressure from significant other persons, α = 0,91, Loevinger’s H = 0,71. The
second was speeding, i.e. breaking the speed limits, α = 0,87, Loevinger’s H = 0,62 and the
third rule violations, α = 0,73, Loevinger’s H = 0,48. All the test items were also computed
into one dimension of risk behaviour. The reliability of this index was also found to be
satisfactory, α = 0,91, Loevinger’s H = 0,48 (see Rundmo and Ulleberg, 2000b-c; Ulleberg
and Rundmo, 2000 for further details).
Risk Perception before and after the Campaign
Respondents who answered the questionnaire before the campaign started were compared to
those who did so after school visits and after personal exposure to the measures of the
campaign. The recipients of the campaign judged traffic accident risk to be larger after being
exposed to the measures of the campaign compared to before it started. As shown by d-values
(effect sizes) the difference was greatest for the probability assessments. To experience traffic
accidents was judged to be more probable after the campaign compared to before it started.
The respondents in the post-sample were also more worried and unsafe compared to the
respondents who answered the questionnaire before the campaign started. In addition, they
were also significantly more concerned after the campaign, although the effect sizes were
relatively small for worry and concern. Of the eight indicators making up the four dimensions
the difference was significant on seven. A sign-test also clearly indicated that there was a
difference in risk perception in general in the two samples, p < 0,05. For seven of the eight
indicators of affective reactions the difference between those who answered the questionnaire
before the campaign started was also significant compared to those who did so after. A sign
test indicated that the respondents in the post-sample were more affective compared to the
pre-sample, p < 0,05. However, the d-values the differences were relatively small. Chi-square
tests showed that there were no significant differences between the pre- and post samples with
regard to the number of respondents who had experienced a traffic accident as a driver,
χ2=3,11, p = 0,211, who had experienced a traffic accident themselves as a passenger, χ2 =
0,436, p = 0,436, who had experienced a traffic accident as a pedestrian, χ2 = 2,07, p = 0,354.
Neither were there sex or age differences between the respondents of the samples, p > 0,05.
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The results showed that there were significant differences in risk perception and
affective reactions when respondents who answered the questionnaire before the campaign
started were compared to those who did so after it had started and later exposed to the
measures. However, the tests which were used were not aimed at determining whether it was
the school visits or the fact that the campaign was started which originated the difference. A
one-way analysis of variance was carried out to compare the group of respondents in the
experimental group who answered the questionnaire before the campaign started with those
who answered after the campaign, and immediately after the school visit. A total of 1846
respondents in the experimental group replied to the questionnaire before the campaign team
visited their school, but after the start of the campaign. Table 3 shows the F-values and also
the results of the Bonferroni’s Post Hoc correction.
Respondents who answered the questionnaire before the campaign differed from those
who did so after, although before their school had been visited, p < .05. The evaluation
differed more significantly when the pre-sample was compared to the respondents who
replied immediately after the school visit, i.e. after being exposed to the measures of the
campaign for the first time. The results indicate that it was primarily the combination of
measures which affected perceived risk.
Table 3. Pre- and post-sample comparison – risk perception
Risk perception

Dimension 1: Probability
assessments
Dimension 2: Concern
Dimension 3: Worry
Dimension 4: Emotional reactions
Emotional reactions – single
indicators:
Calm – upset
In good mood – in bad mood
Happy – sad
Balanced – irritated
Elated – depressed
Very worried – not at all worried
Concerned – non-concerned

F - value

35.52***
3.39*
8.08***
7.78***

Pre-sample
vs. post
sample –
before team
visted schools
skolebesøk
<.001
.029
.015
<.01

.006
9.37***
NS
2.38*
NS
1.61 (S)
.023
4.08**
.048
3.08**
NS
1.42 (NS)
NS
5.17***
NS
4.86***
* = p < .05, ** = p < .01, *** = p < .001, NS = non-significant

Pre-sample
vs. after
school visits

Postsamples
before vs
after school
visits

<.001
NS
<.001
<.001

<.001
NS
NS
NS

<.001
NS
NS
.022
.079
NS
.015
.031

NS
NS
NS
NS
NS
NS
.037
.028

Self-Report Risk Behaviour and Accidents before and after the Campaign
Respondents reported less risk behaviour after the campaign compared to before on all the
three dimensions. Speeding was significantly reduced, t = -8,23, p < 0,001, z = -7,17, p <
0,001, d = 0,81. There were also small, however not significant reductions in unsafe driving
caused by social pressure, d = 0,26, and rule violations, d = 0,13. As shown in the
methodological section of the present paper, the risk behaviour scale was also reliable when
all the items were computed into one dimension. On average, traffic behaviour was reported
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to be less risky after the campaign compared to before, t = -2,22, p = 0,5, z = -2,35, p < 0,05,
d = 0,35.
ARIMA regression analysis showed a 13 per cent reduction in accidents caused by
speeding and a seven per cent decrease in all accidents in the two counties where the
campaign was carried out when controlled for accidents in all other Norwegian counties and
taking seasonal variations in the period 1990-1999 into account. However, the reduction in
accident frequency was not significant, neither did we expect it to be so shortly after the
campaign started (see Rundmo and Ulleberg, 2000,a-c and Ulleberg and Rundmo, 2000 for
further detail).
Association between Risk Perception and Risk Behaviour
Risk perception is interesting because it is hypothesised to influence behaviour.
Consequently, we expected to find a significant association between risk perception and selfreport behaviour. A MIMIC (Multiple indicators and multiple causes) -model consisting of
one latent endogenous variable (risk behaviour), and four directly measured exogenous
variables, which were perceived risk. The hypothesis to be tested had the following structural
equation: η1 = γ1x1 + γ2x2 + γ3x3 + γ4x4 + ζ. The measurement model equations for the
measurement model (y-variables) were: y1 = λ11(y)η1 + ε1, y2 = λ21(y) η1 + ε2, y3 =
λ31(y) η1 + ε3. The analysis was restricted to respondents who had a driving licence.
Rational” aspects of perceived risk, i.e. the respondents’ subjective assessments of
experiencing a traffic accident and how “concerned” they were with the risks, were totally
insignificant predictors of risk behaviour in traffic, γ-values of -0,008 and -0,003 respectively.
However, worry as well as the general measure of emotional reactions related to traffic
hazards were significantly associated with risk behaviour (γ = -.056 for worry and γ = -.304
for affectivity). The more risky traffic hazards were judged to be, the more safe was the
respondents’ own driving behaviour. These two variables alone explained 12 per cent of the
variance of risk behaviour, e = 0,88. The model fit was also satisfactory despite the fact that
the χ2-test showed that the data deviated moderately from the model, χ2 = 196,92, d.f. = 8, p
< .05, GFI = 0,986, AGFI = .952. The model deviated somewhat from the data, althoug not
unacceptably. The Goodness of Fit index (GFI) and the Adjusted GFI (AGFI) were both
satisfactory, > 0,900.
Thus, probability judgements and concern about traffic risks seem not to be important
for risk behaviour in traffic, while affect seems to be important. The results of a SEManalysis where the personality factors the campaign was especially directed to reach were
entered into the model presented above. The hypotheses to be tested had the structural
equations η1 = γ1x1 + γ2x2 + γ3x3 + ζ, η2 = γ1x1 + γ2x2 + γ3x3 + ζ. The measurement model
equations for the measurement model (y-variables) were: x1 = λ11(ξ)ξ1 + δ1, x2 =
λ21(x) ξ1 + δ2, x3 = λ31(x) ξ1 + δ3, y1 = λ11(y)η1 + ε1, y2 = λ21(y) η1 + ε2, y3 = λ32(y) η2 + ε3, y4
= λ42(y) η2 + ε3, y5 = λ52(y) η2 + ε3.
The model explains 42 per cent of the variance in risk behaviour, e2 = 0,58. Affectivity
was a strong predictor of risk behaviour, β21 = -0,65. The personality factors were also
strongly associated with affectivity, γ11 = -.0,87, e1 = 0,24. The model fit was judged to be
satisfactory, Goodness of Fit Index (GFI) = 0,947, Adjusted GFI 0,895, χ2 = 872,78, d.f. =
18, p < 0,05. The indicator sensation seeking failed to load on the latent exogenous variable,
λ(x)11=0,38. A re-analysis was conducted removing this predictor. The model fit improved
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somewhat, GFI = 0,959, AGFI 0,905, χ2 = 575, 71, d.f. = 12, p < 0,05. However, this reduced
the power of the model, which explained only 38 per cent of the variance, e2 = 0,62, indicating
that sensation seeking was an important predictor which should not be excluded.
Above it was shown that personality exerted an indirect effect on risk behaviour in
traffic. The possibility that personality may have a moderating effect on the relation between
risk perception and behaviour was also examined. The hypothesis to be tested had the
following structural equation: η1 = γ1x1 + γ2x2 + γ3x3 + γ4x4 + γ5x5 + γ6x6 + γ7x7 + γ8x8 + ζ. The
measurement model equations for the measurement model (y-variables) were: y1 =
λ11(y)η1 + ε1, y2 = λ21(y) η1 + ε2, y3 = λ31(y) η1 + ε3.
The γ-values for the combinations were small, all the γ -values < 0,10, showing that
personality was not a moderator of the associations between perceived risk and risk
behaviour. However, the results indicated that personality exerted a significant indirect effect
on risk behaviour, via the strong association it had with perceived risk. An additional analysis
combining worry and affect as well as the personality variables did not increase the explained
variance significantly. For analysis 1 e1 = 82, R2 = 0,18, χ2 125,52, d.f. =18, p < .01, GFI
=995, AGFI = 987. Due to the fact that there were low correlations between probability
assessment and risk behaviour, no additional analysis for determining the interaction between
the personality variables concern, risk perception and behaviour was conducted.
Conclusion
The results of the present study showed that a traffic safety campaign carried out among
adolescents in two Norwegian counties significantly seemed to have changed risk perception
related to speeding and other traffic hazards. The change was significant on all dimensions
and also on every single indicator of risk perception. The respondents of the post-sample also
reported less risk behaviour in traffic and the number of speeding accidents was reduced with
13 per cent. Perceived risk was not changed among adolescents in two other countries where
the campaign had not taken place. Neither were there any changes in self-report risk
behaviour. There were no significant differences between samples with regard to sex, age,
percentage who had a driving licence, driver experience or accident records. Thus, there is
reason to believe that it was the campaign that caused the change in risk perception in the
experimental group. The campaign is going to last until year 2003. The purpose of the first
evaluation reported here was to see whether or not there were elements of the campaign which
should be corrected for the remaining period in order to improve its effectiveness.
Risk perception is primarily interesting because it may affect behaviour. The model
tests presented showed that probability assessments and concern, i.e. “rational” aspects of risk
perception, were insignificant predictors for self-report risk behaviour. Worry and emotional
reactions significantly predicted behaviour. This is contrary to the majority of studies which
seem to be based on the assumption that traffic accidents among young drivers are caused by
“misperception” of dangers and traffic hazards. However, these results do not imply that
misjudgements and probability assessments are insignificant causal factors in traffic
accidents. Subjective assessments related to specific risk sources have to be distinguished
from general risk perception, i.e. how the probability for traffic in general is assessed and how
worried and “emotional” the respondent in general “feels” when thinking about all the risks.
Our questionnaire measured perceived risk in general, not related to specific hazards and
traffic situations.
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The campaign was aimed at reaching high-risk groups of sensation seekers,
“normless” adolescents and those who were indifferent to traffic safety. Based on previous
empirical studies it was hypothesised that these groups were vulnerable to traffic accidents.
Two hypotheses were tested. The first one was that these personality factors had an indirect
effect on risk behaviour in traffic and the second that personality moderated the association
between risk perception and behaviour. We found rather small and insignificant moderating
effects. However, personality had a strong indirect effect on risk behaviour and was an
important predictor of affect.
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Importance of Sight Distances in Road Design
The road safety has, due to many road casualties, an important part in modern road design.
Numerous examinations in many countries have proofed the immense importance of sight
distance for the road safety. This results out of the relationship man – vehicle – surrounding
environment. In the roadside environment the existing sight distance has an important
influence on the choice of speed for the driver of the vehicle. This could be described as a
standard rule. An examination on the influence of sight distance and other parameters for the
road safety has been made by Krebs/Klöckner (1977) and Leutzbach/Zoellmer (1989) and is
considerated in the German road design guidelines (Figure 1). In 1968 Hiersche summerized
the influence of sight distances. According to these 44 % of all accidents are due to the cause
of “obstruction of visibility”, which is the largest group in all road accidents.
With the increase of sight distance the number of accidents decline. Hiersche also shows, that
the number of obstructions of sight have an important influence on the accident occurence.
The accident risk rises with the increase of obstructions of visibility and than declines again.

Figure 1:

Accident Rate and Accident Cost Rate Depending on the Sight Distance
(Leutzbach / Zoellmer, 1989)

This is due to the fact, that by continuos obstruction of visibility the average speed is lowered.
Resulting to this the accident risk sinks. Those roads, however, which have obstruction of
visibility over a short distance, but are otherwise designed continuously bear a higher accident
risk.

Stopping Sight Distance
Stopping sight distance is needed for a driver, who must be able to see ahead in order to
identify hazards to bring his vehicle safely to a stop, when necessary. The required stopping
sight distance is needed by a driver to stop the vehicle before reaching an unexpected obstacle
on the road when riding at the 85th-percentile speed V85. The stopping sight distance is the
sum of two components: reaction distance and braking distance.

Overtaking Sight Distance
Overtaking (passing) sight distance is needed on two-lane roads for safely overtaking. The
required overtaking sight distance is necessary for the safe performance of an overtaking
maneuver. The models for this maneuver are different in countries. Figure 2 shows the model
for the overtaking sight distance in the German Guidelines RAS-L, 1995. For safety reasons
the overtaking sight distance depend also on the speed V85.

Figure 2:

The Model of Overtaking Sight Distance in the German Guidelines RAS-L, 1995

Influence of Sight Distances on the Driver Behaviour
The speed, which the driver of a vehicle chooses, is influenced by many factors. These results
aside from the subjective ones mostly out of the roadside environment and the road design.
The speed which occurs on a road section is related to the structural extension of a road, the
topography, the design of the road, the density of traffic and the traffic composition. The
following data are describing the speed of vehicles often used in the road design process:
V50: the speed V50 corresponds to the speed below which 50 % of passenger cars operate
under free-flow conditions (median).
V85: the speed V85 corresponds to the speed below which 85 % of passenger cars operate
under free-flow conditions (approximately the sum of the mean value and the standard
deviation of a normal distribution of speed).
German as well as British design rules refer to the speed which can be expected. But
guidelines in Germany only name as decisive the Bendiness k [gon/km] and the width of the
road B [m] for roads in category A. These data origin from an examination made by
Köppel/Bock (1970) and are to be used under the premise that the road is clean and wet and
that a vehicle can drive without being obstructed by other cars (free-flow conditions). The
influence of obstruction of visibility is integrated into the bendiness and the width of the road
also the obstruction of visibility and the design of the road’s surroundings.
The British guidelines consider beside these influences also the existing sight distance and the
design of the roadside environment (see Figure 3).
The Alignment Constraint Ac is described by the visibility and bendiness. The way to acquire
the data for the sight distances will be described later. The Layout Constraint Lc is influenced
by the roadside environment. From the traverse profile, the width of the marginal strip and the
number of connections and junctions per road kilometre result the Layout Constraint Lc.
Numerous examinations are the basis for the British guidelines.

Figure 3:

Valuation of V50 and V85 in the British Design Guidelines

Measurements of Sight Distance and Driver Behaviour
Speed and sight distance play an important role in road safety. Due to the differences between
British and German guidelines and also guidelines from other countries (France, Italy, Russia,
United States, ...) it is of interest to point them out because guidelines in Europe should be
harmonised due to the fact that for example data are describing the accident rates are
generally better in England than in Germany. In general this comparison should not only be
applied to the guidelines. Important are measuring at the different road stations. These should
be made on roads which are built in coordinance with the actual guidelines. As not to have too
much trouble with the measuring comparable roads were chosen. In Germany it was reduced
to the Rhein-Main area. The following roads for which the measurement was taken were
examined concerning the road design, sight distance and the speed. The data in table 1 give
the description of the investigated roads:

Road Department Aschaffenburg, Germany:
- County road MIL 26 Eschau – Wildensee (F)
- State road St 2307 Hösbach – Schimborn (E)

Road Department Bensheim, Germany:
- State road L 3120 Affolterbach – Airlenbach (D)
- State road L 3408 Birkenau – Löhrbach (G)
Road Department Weilburg, Germany:
- County road K 412 Ahausen – Drommershausen (A)
- State road L 3031 Würges – Steinfischbach (C)
- State road L 3449 Niederselters – Weilmünster (B)
Road Direction Strasbourg , France
- National Road 63, By-pass Soufflenheim
Lancashire County Council, United Kingdom:
- A 59(T) Whalley – Gisburn (Clitheroe By-pass) (H)
- A 6068 Sabden – Nelson (Padiham By-pass) (I)
The required planning documents and data were given by the road departments. It was also
possible, beside the comparison of guidelines to examine the friction factor of the countries.
Due to the development of car productions, the road design and the driving behaviour it has
often be required to actualise these data. For example the data in Germany were 20 years old,
in England 15 years old.
Investig. road

A

B

C

D

E

F

G

H

I

Length

2682

4169

5633

5509

3329

6350

3100

2500

2374

Width of
Carriageway

6,0

6,0

8,5

6,0

7,5

5,5

6,0

7,3

7,3

Width of
strip footing

1,5

1,5

1,5

1,5

1,0

1,0

1,5

1,5

1,5

“Kurvigkeit”

168

68

133

209

56

104

267

67

63

Bendiness

151

61

119

188

50

94

204

60

57

Layout Constraint

28

28

19

28

23

28

28

23

23

Alignment
Constraint

17

11

15

18

12

14

20

11

11

V85,nass (RAS-L)

76

85

91

74

95

79

70

94

93

V85,wet
(HLD, TD 9/81)

78

84

90

74

90

80

70

91

91

V85, wet,
Measured

75
75

99
96

100
99

83
81

98
101

94
93

81
80

100
99

93
93

Table 1:

Data and results of measurements at the investigated roads

Since there were no data about the sight distances they had to be measured corresponding to
the guidelines. There are not only differences between Germany and England but also to other
countries, which can partly be explained by the different year of appearance of the guidelines.
A survey of the determination of sight distances in the different countries is given in table 2.
Simple procedures have been used for years to ascertain the existing sight distances in the
roadside environment. These methods have large disadvantages concerning quality, efficiency
and safety. The use of electro-optical measurement of distances and registering in electronical
field books is an essential advantage. Furthermore a direct processing of the data is possible.
The existent measure equipment was improved and automised in the course of this
examinations. Safeguarding steps had to be taken since all measurements which were taken in
full traffic flow. The measurement is similar to a construction site which moves constantly
with slow speed. The measuring device has to be checked by the responsible authority.
Country

Guideline

Austria

RVS 3.23 (1981)

100

100

VP

Australia

Geometric Design
of Rural Roads (1984)

115

115

Design Speed

Canada

GDSCRS (1976)

105

130

Design Speed

Denmark

64 Standard (1964)

120

130

Ve

France

ICTARN (1994)

100

100

V85

Germany

RAS-L (1995)

100

100

V85

Japan

Highw.Des.Man.(1983)

120

120

Design Speed

Sweden

TU 124 (1981)

110

135

Design Speed

Switzerland

SN 640 090a (1992)

100

--

United
Kingdom

TD 9/81 (1981)

105

105

Design Speed

107

130

Design Speed

United States AASHO Policy (1984)

Height of
Eye (cm)

Height of
Determinant Speed
Object (cm)

VP

Table 2: Basic Values for the Determination of Existing Sight Distances in Different Countries

A floating car was used on all German roads which were investigated parallel to the
measurement which has already been named. With the help of four video cameras every part
of road equipment was recorded in its “Road-Video-System” (SVS). The SVS is used for
registering the condition of the road and for the inventory of the road equipment. By
comparing the results of the measurements, it was possible to make conclusions about the
accuracy of measurement.

To be able to compare the results it was important that the outside conditions were the same at
all measurements. This was achieved by measurements which lasted between three and six
hours. The minimum of 200 vehicles with a net time gap of five seconds and more were
measured for each direction of driving on each investigated road. This amount of
measurements gives a sufficient picture of the actual situation. The evaluation of the results
was made at University of Applied Sciences Darmstadt with an available program of
statistics. The usual parameters of the relative frequency and the relative cumulative
frequency were used.

Conclusions
Clear differences in the philosophy of the guidelines can be seen between the German and the
British road design guidelines. But the results of the measurement of the driver behaviour at
the different roads are similar in spite of the different dispositions. The similar results in both
countries concerning the speed V85 which can be expected out of the two guidelines is shown
in table 2. There is an enormous difference between these theoretic acquired data and those
which were actually measured. The speeds which were actually driven are always higher than
those as calculated. The following statements can be made out of these comparisons:
-

the theoretically acquired data are similar in the investigated countries although
the inquiries are different.

-

They are below the measured value.

-

The influence of sight distances upon the choice of speed is underestimated.

-

Due to the importance of speed for the road safety old data should be updated in
the countries more frequently.

Further Steps
Including current partnerships in research and education the investigation of roads in the
countries Italy, Russia and perhaps the United States shall be extended. In the countries
Germany, United Kingdom and France the measurements will be updated.

The results are important for future models of design elements and also for the improvement
of road safety. Especially Russia with a high increase of the car ownership rate needs a
general revision of the guidelines.
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Abstract
The main purpose of the TRAINER project is to develop a new cost-effective Pan-European
driver training methodology, based on computer based interactive multimedia and simulator
technology, which will pay significant attention not only to gain experience of driving and
handling the car, but also to the enhancement of risk awareness of learners drivers. For this
purpose three different simulation tools will be developed. Each set will consist of a
multimedia info-box and a low-cost/medium-cost driving simulator. A number of scenarios
for application in the different simulation environments will be developed, which addresses
the most important needs of learner drivers. They have been structured in accordance with the
four hierarchical levels of the GADGET-matrix:
Level 4. Goals for life and skills for living
Level 3. Goals and context of driving
Level 2. Mastering traffic situations
Level 1. Vehicle manoeuvring
In order to be able to assess the TRAINER tools impact on traffic safety, not only a set of
driver performance pilots needs to be performed but also another set of pilots. In these pilots
driver behaviour, i.e. what the driver in fact does, in a critical scenario should be measured.
However, the drivers’ behaviour is not only influenced by his / her driving performance skills,
but also on the hazard perceptual abilities of the driver. Hence, based on the assumption that
driving skills is controlled for by the driver performance pilots, the results from the traffic
safety impact pilots will address the question on whether or not increased hazard perception
has been achieved by use of the TRAINER tools.
In order to get a valid and reliable measurement of driver behaviour, the driver must be able
to be exposed to what he or she perceives as a potential hazard and be able to react
accordingly. At the same time dangerous behaviour must not result in real world accidents or
damage. For these reasons conducting driving simulator experiments offers the best solution,
although a 100 per cent validity can not be expected. However, performing part of the
assessment in real traffic environment, while assessing visual search strategies, can reduce
this lack of validity with respect to real traffic behaviour, by measuring eye movements.
*Corresponding author:
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VTI
SE 581 95 LINKÖPING
SWEDEN
Phone; +46 13 20 40 19
Fax: +46 13 14 14 36
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Introduction
This paper describes the TRAINER1 concept in general, as well as the design of the pilot
evaluations. For this reason some sections in the paper are presented as summaries and have a
reference to final deliveries from the TRAINER project.

The Public Health Perspective
Throughout Europe 15,000 young people die each year due to road accidents (Gadget Final
Report, 2000). In many European countries traffic accidents are even the leading cause of
death of young people. Regarding their fatality rate, young drivers are over-represented in
comparison to other age groups of drivers. The graphical representation of the fatality rate
plotted against driver age shows a distinct U-shaped curve; fatality rates are highest for young
drivers, as well as for old drivers (70+ years old) (Evans, 1991). The size of the problem
makes clear that action is needed. It is important, yet difficult, to identify the causes of the
high accident risk of young novice drivers, since many factors can be imagined to contribute
to their high accident risk. Moreover, almost none of these factors seem to operate alone.
Two factors, age and experience, are difficult to separate, but both seem to contribute to the
high probability of being involved in an accident. The task of driving is extremely complex,
even though drivers frequently have the impression it is not. Acquisition of the basic vehicle
handling skills is relatively straightforward. It has been suggested that novice drivers learn
well the traffic rules and learn to shift gear, accelerate, steer and brake after only 15 hours of
driving (Hall & West, 1996). These skills are important for driving but in order to drive
safely, drivers should also be able to perform higher-order perceptual and cognitive skills.
A novice driver has to learn what information is important to pay attention to, to judge
incoming cues on their relevance, and has to evaluate the information in terms of potential
danger or hazard. Especially these skills take time to develop and they require a lot of practice
and experience. Imagine young novice drivers learning to drive and at a certain moment in
time they are able to control the car with a minimum of mistakes. As long as the environment
co-operates and as long as these young novice drivers do not encounter situations in which
they have to avoid an accident, their idea of being a good driver is certainly supported.
There is clearly the need to develop a practical method to make the driver aware of aspects
such as his/her own and other road users limitations, vehicle and infrastructure limitations,
lack of experience, the problem of overestimating one’s driving ability, the feedback and risk
compensation process, etc. A typical example is the fact that experienced drivers tend to
fixate their eyes higher in the visual screen that inexperienced drivers (Carter & Laya, 1998)
For this, the driver trainee should be placed in situations where he/she is shown that his/her
own decisions were based on aspects such as overconfidence or risk compensation.
From the above, we can say that there is a pressing need for developing a new European
driver training methodology, which would be focused more on the typical novice driver
accidents, and to include the use of new telematic aids.
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Young Driver’s Accidents
A literature review of young driver’s accident involvement (Hoeschen & Bekiaris, 2000) has
shown that young drivers’ accidents are typically single vehicle accidents and are often
preceded by risky driving. Young drivers are not over-represented in alcohol accidents. In
comparison with older drivers they are even under-represented. Exception to these findings is
the weekend-nights in which the young drivers tend to be over-represented. Young drivers are
often characterised by driving too fast for prevailing conditions. This may also account for the
high proportion of accidents in curves, and single accidents. Young drivers are more often
involved in the more serious accidents, partly because of the presence of many passengers.
Furthermore, young drivers drive more often with inappropriate speeds. Speed is directly
related to the seriousness of the accident.
Various sources in the literature (Hoeschen & Bekiaris, 2000) emphasise the fact that learning
manoeuvring skills does not contribute to safe driving and reducing accident rates of novice
drivers. There is evidence that young drivers can have superior vehicle handling skills and
still have many crashes (Evans 1991). It is suggested that teaching safe driving strategies and
training recognition of hazards and of higher order skills will be promising in reaching the
aim of lower accident rates with novice drivers.

The Need For A New Training Curricula
Attempts to teach trainees safe-driving strategies during training often failed, probably
because the information processing capacity of novice drivers is already overloaded by
vehicle control and interacting with other traffic participants (Hoeschen & Bekiaris, 2000).
Trainees have to make conscious decisions for every move and every action they take, so they
are not able to use improvements of defensive or risk minimising strategies.
Another finding is that drivers after extensive skill training underestimate the risk in a certain
situation and overestimate their manoeuvring skills in negotiating certain situations. This was
found for example with Scandinavian skid-control-courses that appeared to increase traffic
accident rates significantly. This negative effect was interpreted as a result of the focus on
coping with skidding situations instead of focussing on how to avoid these situations. The
focus on coping seems to create reduced respect for low friction and results in overconfidence
of the own skills, leading to more risky driving and more accidents.
Indeed, as Evans (1991) and other authors have emphasised, it is not crucial for safety how
skilled a driver is, but to what extent drivers use their skill in driving safely. In some countries
(e.g. Germany) theory lessons have started to focus on such higher-level aspects of decisionmaking and on motivational tendencies. Specific themes are search for independence and
autonomy, coping with impatience, self-assertion in groups, behaviour in competitive
situations, making decisions and time planning. The idea behind these approaches is that
driver training should focus not only on skills and knowledge, but also on driver attitudes.
Taking these results together, it appears necessary to train cognitive skills and to teach
trainees to assess their own skills so that they can better judge the consequences of what they
chose to do. Recent research (e.g. in USA and Australia) led to the development of PC-based
Training programs, in which trainees are instructed to estimate the outcomes of critical and
hazardous situations. Trainees make their own choices and then experience the results of their
actions. Unfortunately, unsafe driving choices are often rewarded by lack of negative
outcomes in the "real world". In this program, risky behaviour has immediate consequences.

So, these programs aim at accelerating the development of safety skills that novice drivers
lack because of inexperience and otherwise have to learn only gradually in practice.
An even more powerful way to let trainees experience the consequences of their behaviour is
having them drive in driving simulators. The trainees 'drive' the car themselves and react to
various situations in realistic ways. The simulator enables driving in hazardous and accidentprone scenarios that cannot be experienced in real-car driving. Even if trainees have not yet
fully automated vehicle-handling skills it appears that in a driving simulator they can be
taught to improve their anticipation of dangerous situations (by proper interpretation of the
wide range of visual information of the traffic environment). They can also learn to avoid
hazardous situations by a defensive driving style. Further advantages of driving simulator are
the possibilities to:
• control the type and timing of training events,
• adapt the training task to the performance of the trainee,
• provide augmented cueing and feedback,
• record and diagnose trainee performance,
• automate the process of training and instruction,
• reduce the amount of practice by providing immediate feedback.
So, recent research indicates that accidents of novice drivers are caused more by false
personal tendencies than by lack of handling skill. Young drivers often have risky habits (e.g.
testing limits of own skill), safety-negative motives (like competing or pleasure), and are
prone to social pressure by peers (use of alcohol and drugs etc.). Exercises should be
developed to make trainees aware that assessment of their own abilities to negotiate critical
situations may be false, especially in the beginning of a driving career. Another promising
way to teach safe driving behaviour is including group discussions into the curriculum, in
which trainees are asked to evaluate their own attitudes and the consequences on decisions
taken during driving. Trainees should discover themselves, by discussion, observation and
activity, the validity of their own beliefs and the critical nature of the decisions that they have
to make in modern traffic.
As found in the road-safety research literature of the last two decades there is a shift from
emphasising training manoeuvring skills to training higher-order skills, i.e. recognition and
anticipation skills, including risk perception, as well as self-assessment. It has been
demonstrated that connecting practical exercises to theory and evaluation of one's own
behaviour may be effective.

The GADGET-Matrix: Hierarchical Levels Of Behaviour And Referring
Structure Of Driver-Training Contents
The GADGET-matrix is based on the assumption that the driving task may be described as a
hierarchy. The idea of the hierarchical approach is that abilities and preconditions in a higher
level influence the demand and preconditions on a lower level. The hierarchy is developed by
Keskinen (1996) and shows many similarities with the Michon hierarchy. The most important
difference is the addition of a fourth level relating to personal preconditions and ambitions in
life in general, which have shown to be of great importance for driving and road safety. The
following four levels are described by Keskinen and were later also applied in the EU-project
GADGET (Hatakka et al. 1999) (see Table 1):

- Goals for life and skills for living
- Goals and context of driving
- Mastering traffic situations
- Vehicle manoeuvring
The highest level refers to personal motives and tendencies in a broader perspective. This
level is based on knowledge that lifestyles, social background, gender, age and other
individual preconditions have an influence on attitudes, driving behaviour and accident
involvement.
On the next level, the focus is on the goals behind driving and context in which driving is
performed. The focus is on why, where, when and with whom driving is carried out.
Examples on more detailed aspects are the choice between car and bus, daytime or nighttime
driving, rush hours or not, decision to drive under the influence of alcohol, fatigue or stress
etc., all in relation to purpose of the trip.
The next level is about mastering driving in traffic situations, which are defined as more
limited than the driving context above. A driver must be able to adjust his/her driving in
accordance with the constant changes in traffic, for example in junctions, when overtaking or
when encountering unprotected road users. To be able to identify potential hazards in traffic is
also on this level. Driver education and training is traditionally focussing on this level.
The bottom level is focusing on the vehicle, its construction and how it is manoeuvred. To
know how to start, shift gears and stop the car good enough to be able to use the car in traffic
belongs to this level, as well as more complex evasive manoeuvres, reducing skids on low
friction and understanding the laws of nature. The functioning and benefits of injury
preventive systems, such as safety belts and airbags also belong here.
A safe driver is, however, not only skilled but also aware of risks and of own abilities and
preconditions. In order to cover these different dimensions the matrix includes three
dimensions as follows:
- Knowledge and skills
- Risk increasing factors
- Self-assessment
The content of the first column describes the knowledge and skills that a driver needs for
driving under normal circumstances, that is, on the lower hierarchical levels how to
manoeuvre the car, how to drive in traffic and what rules must be followed. On the higher
levels the column relates to how trips should be planned and how personal preconditions may
influence behaviour and safety.
In the second column about risk increasing factors the focus is on awareness of aspects of
traffic and life that can be associated with higher risk. On the basic level it may be worn-out
tyres, poor brakes, lack of routine in performing basic manoeuvring etc. Higher in the
hierarchy the column refers to risky driving in darkness, on low friction, among unprotected
road users, excessive speeding, mental overload etc. It also relates to dangerous motives and
risk increasing aspects of lifestyle and personality.
The third column is about how the driver is assessing his/her own situation on the four levels.
It points out the calibration of own skills on the basic levels and awareness of own personal

preconditions and tendencies, as well as abilities in decision making about trips and in life in
general on the upper levels.
Table 1 The GADGET-matrix (Hatakka et al. 1999)
Essential curriculum

Goals for life and
skills for living
(general)

Knowledge
and skills

Risk-increasing
factors

Selfevaluation

Knowledge
about/
control over how lifegoals and personal
tendencies
affect
driving behaviour
• lifestyle/life situation
• peer group norms
• motives
• self-control,
other
characteristics
• personal
values
...

Risky tendencies
• acceptance of risks
• self-enhancement
through driving
• high level of sensation
seeking
• complying with social
pressure
• use of alcohol and
drugs
• values,
attitudes
towards society

Self-evaluation/
awareness of
• personal skills for
impulse control
• risky tendencies
• safety-negative
motives
• personal risky habits
...

Knowledge and skills

Risks connected with

Self-evaluation/

• driver’s
condition awareness of
Driving
goals concerning
(mood, BAC, etc.)
• personal
planning
and
context • effects of journey
goals on driving
skills
• purpose of driving
(journey-related)
• planning and choosing • driving
environment • typical driving goals
routes
(rural/urban)
• typical risky
• evaluation
of • social context and
motives
requested driving time
...
company
• effects
of
social • additional
motives
pressure inside the
(competitive,
etc.)
car
...
• evaluation
of
necessity
of
the
journey
Knowledge and skills

Hierarchical levels of behaviour

Mastery
of concerning
traffic situations • traffic regulations

• observation/selection
of signals
• anticipation of the
development
of
situations
• speed adjustment
• communication
• driving path
• driving order
• distance
to
others/safety margins
...

Vehicle
manoeuvring

Risks caused by
• wrong expectations
• risk-increasing driving
style (e. g. aggressive)
• unsuitable
speed
adjustment
• vulnerable road-users
• not
obeying
regulations/
unpredictable
behaviour
• information overload
• difficult
conditions
(darkness, etc.)
• insufficient
automatism or skills

driving

Self-evaluation/
awareness of
• strong
and
weak
points of basic traffic
skills
• personal driving style
• personal
safety
margins
• strong
and
weak
points
for
hazard
situations
• realistic
selfevaluation
...

Knowledge and skills
Risks connected with
Awareness of
concerning
• insufficient
• strong
and
weak
• control of direction
automatism or skills
points
of
basic
and position
manoeuvring skills
• unsuitable
speed
• tyre grip and friction
adjustment
• strong
and
weak
points of skills for
• vehicle properties
• difficult conditions (low
hazard situations
friction,
etc.)
• physical phenomena
...
• realistic
self...
evaluation

The cells in the matrix thus define frames for definition of detailed competencies that is
needed in order to be a safe driver. The matrix may be used for defining educational goals and
educational content in driver education and training. The suggestion from the constructors of
the matrix is that driver training strives at covering as much as possible of the whole matrix,
not only the lower leftmost cells that traditionally are covered. The matrix is used in the

development of a new national curriculum for the Swedish driver education (Gregersen et al.,
1999). In the TRAINER project the matrix is used for definition of educational content as a
base for development of new educational methods and applications.

The Trainer Tools
The main purpose of the TRAINER project is to develop a new cost-effective Pan-European
driver training methodology, based on computer based interactive multimedia and simulator
technology, which will pay significant attention not only to gain experience of driving and
handling the car, but also to the enhancement of risk awareness of learners drivers. For this
purpose three different simulation tools will be developed. One is a multimedia tool and the
other two are low cost and medium cost simulators. Four full sets of TRAINER tools will be
developed and installed at Belgium/Netherlands, Spain, Sweden, and Greece. Each set will
consist of a multimedia info-box and a low-cost/medium-cost (both versions) driving
simulator.
The multimedia training tool will familiarise novice drivers with the basic principles of
steering and driving a vehicle. Experience will be gained in simulated environment, thus
relieving the road network and enhancing road safety. It will also provide to novice drivers a
better overview and understanding of road hazards. This s/w is expected to support the
theoretical training and assessment of drivers, in order to extend it from a simple traffic rules
check to actual handling of complex traffic scenarios. The s/w will be integrated in a form of
an information kiosk.
The low-cost simulator is composed by a driving stand, the driving computer with integrated
image generator, and a separate monitor, which is put on top of the driving stand in front of
the steering wheel. The horizontal view angle is 40 degrees. The driving computer and image
generator is accommodated inside the cabin. The driving stand comprises of a wooden cabin,
the drivers seat, a dashboard with instruments, and operational elements as accelerator-pedal,
brake-pedal, clutch-pedal, handbrake, gear stick, indicator lever, headlight switch, windshield
wiper lever, ignition key, horn button and steering wheel. The shaft of the steering wheel is
connected to an electrical motor and pulse generator. The motor generates the torque onto the
steering wheel, and the pulse generator supplies the input for an incremental steering wheel
angle measurement counter. A direct current motor with worm gear, ratio = 70:4 = 17,5 is
used. The worm gear box is integrated at the motor. In order to firstly have a sufficiently high
torque on the steering wheel and secondly to be able to control the steering wheel torque in a
natural range, a control unit with a maximum of 6 A is used, which creates a maximum torque
of about 6 Nm. The output signal of the PC is supplied to the input/output interface board and
from there to the control device of the motor. It is possible, to realize by software any
characteristic of the steering wheel in dependency to the steering wheel angle and the speed of
the car. For data gathering, gravity sensors are used for the pedals. The simulated gearbox is
equipped with switches. The mechanical forces on pedals, gear stick and steering wheel are
nature-like. The forces and strokes of the pedals may be changed by mechanical mediums.
Several software modes and scenarios can be pre-selected by the computer menu, using a
small control unit with two buttons. For the noises a PC-sound-card, an audio amplifier and a
loudspeaker, 20 W, in a closed, screened box is used.

Figure 1: Low Cost Simulator (left) and
Medium Cost Simulator (right)

The medium-cost simulator differs from the low-cost simulator by the use of three monitors,
a vibration system and a simple motion system. Each of the two peripheral monitors has an
own PC as image generator. The visual system is a fixed screen system, which means that,
also with motion of the driving stand by the below described motion support, the picture
screens do not move.
There is a vibration of the steering wheel, correlated to the vehicle engine RPM. A long-life
excenter motor is connected to the shaft of the steering wheel. The shaft is buffered to the
main frame of the simulator by rubber-cylinders. The mounting of the vibration motor to the
steering wheel compared to a vibration of the whole simulator has the advantages that the
excenter motor needs less power. The bottom plate of the simulator does not vibrate, so that
the driving computer may be integrated in the simulator cabin. The vibration device does not
affect the plastic cover with the two levers for light, horn and windshield wiper. Moreover, it
does not move the dashboard.
The motion system is a support unit, which can be put under the driving stand. It is controlled
by the driving computer, improves the driving feeling at steering and is expected to reduce
possible motion sickness. The support construction has the size 78 x 78 cm. It is able to shift
the top plate of the support unit in accordance to the lateral acceleration of the simulated car.
There is a reduced probability for motion sickness, as the movements are short-stroked. The
delay time between the causing event and the movement of the motion system will be
extremely short, so that not only the general feeling of driving will be improved, but
especially the steering behaviour, which generally is poor in simulators, will be stabilized. An
advantage of this modular motion support is that it may be used as well for the simulation of
longitudinal acceleration forces, just by turning it around 90 degrees.
A number of scenarios for application in the different simulation environments is developed,
which addresses the most important needs of learner drivers, based on the Gadget matrix, as
described in the next chapter.

The TRAINER Tool Scenarios
The development and selection of scenarios has followed a structured process, which started
with brainstorming and ended with a structured, full description of a selection of scenarios
with high priority. It is important to emphasise that going through the whole structured
process has been regarded as crucial in this work. The idea behind the process was to base the
scenario development on the actual needs of young novice drivers. The needs were defined
through literature reviews and workshop input. These needs were structured through the use
of the theoretical framework that was offered by the GADGET matrix. The steps of the
selection process are described below:
1. Literature review on novice drivers’ problems, behavioural and social aspects related to
their driving and accident involvement.
2. Literature review concerning accident types and analysis of accident statistics with regard
to novice drivers from a selection of countries.
3. Literature review and surveys among driver instructors with regard to gaps perceived in
present driver education systems.
4. Collection of suggestions and ideas regarding steps 1-3 above in a workshop in Brussels,
with invited driver instructors, simulator producers and other stakeholders.
5. Decision to use the GADGET matrix as a theoretical framework for defining the
competencies that a driver needs, in order to be a competent and safe driver.
6. Brainstorming and free input of ideas for scenarios from all project partners, from
participants in the workshop in Brussels and from visitors of the TRAINER web site.
7. Sorting of these suggestions into the four levels of the GADGET matrix. In total 97
different scenarios were suggested
8. Design of a method to prioritise and select scenarios. The method includes the following
steps:
- Assessment of each scenario on a 1-10 scale concerning its importance regarding needs of
novice drivers.
- Assessment of each scenario on a 1-10 scale concerning its suitability for the multimedia
tool.
- Assessment of each scenario on a 1-10 scale concerning its suitability for the simulator
tools.
- Calculating suitability times importance of each scenario, resulting in a score between 0
and 100.
- Selection of scenarios with the highest scores for application in the simulator.
9. Full descriptions of 96 selected scenarios.

TRAINER Tools Pilot Evaluation
In a test procedure, aiming to evaluate the TRAINER tools, 60 learner drivers will initially
undergo the standard theoretical driver education in a local driving school. 30 of them (the
trial group) will be trained for an additional 2-3 hours using the multimedia tool. All 60
people will then be tested using the multimedia s/w for about 15 minutes and also undergo the
normal driving license theoretical test. The design of these tests is presented in Figure 2

Trial
group

Control
group

(n=30)

(n=30)

Normal theory
education

Normal theory
education

Multimedia
learning
National
theory test*

National
theory test*

Theory test
in MM box

Theory test
in MM box

Normal driver
training

Normal driver
training

LC simulator
learning (n=15)

MC simulator
learning (n=15)

National
driving test

National
driving test

National
driving test

Pilot tests in
LC/MC sim.

Pilot tests in
LC/MC sim.

Pilot tests in
LC/MC sim.

Safety impact
pilots

Safety impact
pilots

Safety impact
pilots

*) National theory test will be conducted at this point or at any other point as regulated in
each participating country

Figure 2: Design of the Evaluation of the Training Tools

In the second stage, all 60 learner drivers will be trained on the road by the local driving
school using a driving school vehicle. The training time of each will last until the driving
instructor is satisfied that the candidate is fit for the driving license test. The amount of
training that is needed will be stored as a parameter for use as an independent variable in the
evaluation.
The actual design of the training procedure will, however be adjusted to the national training
principles. In some countries the theory is educated separately and in some it is integrated
with practice.
After this training, the trial group will be randomly divided into two groups of 15 drivers.
Both groups will achieve an additional 2-3 hours training, one in the low-cost and one in the
medium-cost driving simulator. All these 30 drivers and the 30 in the control group will be
tested in the low cost and the medium-cost simulators. All 60 drivers will also undergo a
driving license practical examination.

The pilot evaluation test hypotheses include the use of the TRAINER tools internal learner
driver records database as independent variables describing duration and quality of the
training education. Their actual relation to the traffic safety will not be able to be measured
within the project three-year duration. A good indication of this will, however, be provided by
the final pilots, i.e. ”Safety impact pilots”, which are aiming at evaluating the safety impacts
of the TRAINER tools.
In these “Safety impact pilots” driver behaviour, i.e. what the driver in fact does in a critical
scenario, as opposed to what the driver can do, i.e. driving skills (Evans 1991), will be
measured. The driver’s behaviour is, however, not only influenced by his/her driving
performance skills, but also by the hazard perceptual abilities of the driver. Hence, based on
the assumption that driving skills are controlled for by the driver performance pilots, i.e.
“Pilot tests in LC/MC sim.” in Figure 2, the results from the traffic “Safety impact pilots” will
address the question on whether or not increased hazard perception has been achieved by
utilizing the TRAINER tools.
However, in order to get a valid and reliable measurement of driver behaviour, the driver must
be able to be exposed to what he or she perceives as a potential hazard and be able to react
accordingly. At the same time dangerous behaviour must not result in real world accidents or
damage. For these reasons conducting driving simulator experiments offers the best solution,
although a 100 per cent validity cannot be expected. But, performing part of the assessment in
real traffic environment, while assessing visual search strategies, this lack of validity with
respect to real traffic behaviour can be reduced. Hence, for the design of the traffic “Safety
impact pilots” both a simulator study and a real world traffic visual search strategy study will
be performed, in order to obtain as high validity as possible without jeopardising the subjects’
safety. A pre-study for the “Safety impact pilots” has already been made (Falkmer &
Gregersen, 2001c), based on combined quantitative and qualitative approach (Falkmer &
Gregersen, 2001a; Falkmer & Gregersen, 2001b).
Lastly, a thorough technical, strategic, usability, sensitivity and socio-economic analysis of
evaluation TRAINER results will also be conducted.
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Abstract
Under contract with the University Medical Centre, Utrecht, TNO Human Factors has conducted
research to investigate the effect of diabetes on driving behaviour. In a driving simulator experiment,
patients with diabetes and non-diabetics were confronted with various traffic situations. The subject
groups always drove the conditions twice. In this, the patient groups drove the route once with
euglycaemia (a normal blood sugar level) and once with hypoglycaemia (low blood sugar level). The
non-patient group drove the route twice with a normal blood sugar level. Subjects did not know in
what condition their blood sugar level would be decreased to the level of hypoglycaemia. In the
analysis of the diabetic group, difference was made between people who were aware of their blood
sugar level being low and those who did not notice the status of hypoglycaemia.
Ninety subjects participated in a driving simulator experiment. Subjects drove on the motorway, a
rural road and a city road. During normal driving situations, some critical incidents were encountered
(e.g. braking lead vehicle, deciding who has the right of way, coping with curves). During driving,
behavioural variables were measured. These variables were Time-to-Line-Crossing, Time-ToCollision, crossing road markings, response times to critical situations and responses to a secondary
task. By comparing driving performance between non-patients and patients, and between a normal
blood sugar level and hypoglycaemia, the effects of diabetes on driving performance and traffic
safety were established. The results showed that in case of a low blood sugar level in Type II
diabetics (non-insulin dependent), there is a clear decrease in performance, although some of the
effects are also present in that type of diabetics with normal blood sugar levels. Type I (insulin
dependent diabetics) diabetics did not show any decreased driving performance, not even with low
blood sugar levels.

1 Introduction
In the Netherlands alone, about 300.000 people suffer from diabetes. About 20% of those
patients is insulin dependent (Type I diabetics) and the remaining part is non-insulin dependent
1

(Type II diabetics), using a diet and sometimes oral medication. A lot of European countries have
special regulations concerning driving licenses of diabetics, because of the common belief that
diabetics have a higher risk of being in an accident due to an increased risk of hypoglycaemia
(low blood sugar level), visual limitations and sometimes even neurological handicaps or
cardiovascular complications.
Until now, objective research about the possibly negative effect of diabetes on driving behaviour
has not been conducted. In the literature, no consensus about increased accident risk exists (for
example Veneman, 1996). There are even studies that suggest that diabetics have a lower risk
(Ysander, 1970; Eadington & Frier, 1989). One earlier study (Cox , Gonder-Frederick,
Kovatchev, Julian & Clarke, 2000) showed that driving performance decreased in patients with
hypoglycaemia. However, the results cannot be generalised since no group of non-patients was
used, the simulator was of low-fidelity and no distinction was made between diabetics who are
aware and who are not aware of the low blood sugar level. Some diabetics are aware of the
presence of hypoglycaemia when this occurs, while other do not notice this (unaware). Being
aware or unaware of hypoglycaemia may be an important risk factor in traffic. Diabetics who are
unaware may not compensate for the possible negative effects involved.

2 Driving Simulator Study
Under contract with the University Medical Centre in Utrecht, TNO Human Factors conducted a
driving simulator study (for a detailed description of the driving simulator see Hogema &
Hoekstra, 1998; Hoekstra, van der Horst & Kaptein, 1997), to assess the effect of diabetes
mellitus on driving performance, in particular when being afflicted by hypoglycaemia.
2.1 Subjects
Four groups of subjects were used: 24 subjects were part of the non-patient group, 24 subjects
participated in the Type-I (aware) group, 21 in the Type-1 (unaware) group and 21 in the Type-II
group. All subjects were recruited by the University Medical Centre. All subjects had had their
driver's license for at least 2 years, drove a minimum of 6000 km/year and their visual acquity
was at least 0.8. Whether subjects were aware or unaware was measured with the Clarke
checklist (see Sels, 2000). Both male and female subjects were included in the experiment.
2.2 Task
The task of subjects was to drive in the driving simulator in three different environments: a
motorway, a rural road, and a city road. There was normal driving on these roads, but on several
occasions, some critical things happened, such as a lead vehicle that braked, a package falling from
a truck, some sharp curves, a vehicle that suddenly drove away just before passing it, and a crossing
pedestrian. Also subjects had to perform a secondary task, in which they had to respond to the
appearance of a red dot on the simulator screen, which could be detected with peripheral vision
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(subjects did not have to look at the dot). This secondary task is an indication for the workload of
the primary task (that is driving). This secondary task is called the Peripheral Detection Task (for a
detailed description of the Peripheral Detection Task see Van Winsum, Martens & Herland, 2000).
This secondary task was to get some extra information in addition to driving performance. This
measure was used in order to see whether the driving task was more strenuous or less strenuous for
diabetics.
2.3 Dependent variables
Driving behaviour was measured by means of speed, standard deviation of lateral position,
percentage of time the Time-to-Line-Crossing (a measure (in s) that indicates how close a driver is
to crossing a road marking) was below 1 second and the percentage of time that the road markings
was actually exceeded (on the left side as well as on the right side). Also steering behaviour was
measured and performance on the Peripheral Detection Task (RT to the appearance of the red dot
and the percentage of missed signals).
2.4 Procedure
All subjects received an intra-veinal tube in order to control the blood sugar level. This was done
for the non-patients as well as for the patients. The first ride was always a practice ride of about
10 minutes to get used to the driving simulator. All subjects drove this practice ride under
euglycaemia (about 5.0 mmol/l). After this, a one hour break was used in order to check the
blood sugar level. After this one hour break, subjects would drive the motorway, rural road and
city road for 8 minutes each. Subjects did not know what level their blood sugar would be. After
this first ride, another one hour break was used in order to lower the blood sugar level of the
diabetics to about 2.7mmol/l (hypoglycaemia). The blood sugar of the non-patients was kept at
the normal level. Subjects were not told that their blood sugar level was changed. In the second
ride, the same types of roads were driven, although the critical scenarios were somewhat different
in order to induce sufficient unpredictability. After this second ride, the blood sugar level was
brought to a normal level and subjects were allowed to go home.

3 Results
To decide whether there was an effect of being a diabetic, the performance of each group of
diabetics with their normal blood sugar level (first ride) was compared to the performance of the
control group of non-diabetics with a normal blood sugar level (first ride). If there was a main
effect of group, this effect could be attributed to being a diabetic.
To decide whether there was an effect of having hypoglycaemia, an interaction effect had to be
identified. Just comparing the performance of the diabetics on the second ride (low blood sugar
level) with the non-diabetics on the second ride (for the control group, the second ride was also
with a normal blood sugar level) is not useful. If non-diabetics perform worse in their second ride
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(normal blood sugar level), but diabetics performance better in their second ride (low blood sugar
level), but still worse than non-diabetics, it not correct to conclude they perform worse (in
comparison with the controls in their second ride) just by comparing them with the control group.
On the other hand, just comparing them with their normal blood sugar level is also not correct,
since any differences may be due to the fact that this is their second ride. Therefore, we look at
the interaction between group (diabetics or non-diabetics) and ride (first or second ride). If there
is an interaction, we conclude there is an effect of having a low blood sugar level in diabetics. If
the controls perform worse in the second ride, and diabetics perform also worse in their second
ride (which is with hypoglycaemia), we then conclude there is no effect of having a low blood
sugar level, since the controls also performed worse and their blood sugar level was not changed.
3.1 Motorway
When driving on the motorway with a normal blood sugar level, only small differences were
found between non-patients and diabetics.
Compared to the non-diabetics, Type I (aware) diabetics with a normal blood sugar level drove
less often over the centreline marking (safer) (p<0.05). On all other performance criteria or
workload, no difference was found between these groups.
For the Type I (unaware) diabetics with a normal blood sugar level, there was no difference
between performance or workload on any of the indicators compared to non-diabetics.
When non-patients were compared with the Type II diabetics under normal blood sugar level,
Type II diabetics responded somewhat slower to the secondary task (more workload, p<0.05)),
were swerving more inside their lane in critical situations (less safe) (p<0.03) and exceeded the
right side marking more often in critical encounters (less safe) (p<0.05). Also, the percentage of
time that the TLC was below 1 second was larger (less safe) under normal driving conditions
compared to the non-patient group (p<0.03).
In case of a low blood sugar level, Type I (aware) and Type I (unaware) did not drive less safely
or did not experience more workload than with a normal blood sugar level. Type II patients
however responded more slowly to the secondary task (indicating more workload) compared to
when driving with a normal blood sugar level (p<0.03).
3.2 Rural Road
Type I (aware) diabetics under normal blood sugar level showed a lower standard deviation in
steering (safer) when overtaking another vehicle (p<0.01) and when approaching an intersection
(p<0.04) compared to the control group of non-diabetics. The percentage of time the TLC was
below 1 second was lower (safer) for the Type I (aware) under normal blood sugar level when
overtaking a vehicle (p<0.03) compared to the control group.
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For the diabetics Type I (unaware) under normal blood sugar level, the percentage of missed
signals on the secondary task during overtaking was higher (more workload) than for the control
condition (p<0.04). The percentage of time exceeding the centreline marking was lower (safer)
compared to the control condition (p<0.04).
For Type II diabetics under normal blood sugar level, more signals were missed (higher
workload) when negotiating a wide curve (p<0.04), overtaking a lead vehicle (p<0.03) or driving
a straight road (p<0.01) compared to the non-diabetic group. Response times on the Peripheral
Detection Task were also higher (more workload) when driving on a straight road (p<0.01) and
when approaching an intersection (p<0.01) compared to the non-diabetic group (p<0.01) They
spent more time driving over the centreline marking (less safe) when driving through a wide
curve compared to non-patients (p<0.03).
In case of hypoglycaemia, Type I (aware) diabetics responded more slowly to the signals of the
secondary task during normal driving (p<0.05), and when negotiating wide curves (p<0.02)
compared to a normal blood sugar level. Type I (aware) drove less over the centreline marking
(safer) compared to a normal blood sugar level in wide curves (p<0.04) and on straight roads
(p<0.04).
For Type I (unaware) diabetics with a low blood sugar level, response times were higher (more
workload) when negotiating a wide curve (p<0.02) or when driving on a straight road (p<0.05)
compared to a normal blood sugar level.
With a low blood sugar level, the Type II diabetics missed more signals on the secondary task
(higher workload) when driving on a straight road compared to a normal blood sugar level
(p<0.05). Response times were also higher (more workload) with a low blood sugar level when
negotiating a wide curve (p<0.01), driving a straight road (p<0.01) or when approaching an
intersection (p<0.02). With a low blood sugar level, Type II diabetics also showed a larger
standard deviation of lateral position (more swerving in their lane) compared to driving with a
normal blood sugar level when negotiating a wide curve (p<0.03) and driving on a straight road
(p<0.05). With a low blood sugar level, they drove more slowly (less safe) when overtaking a
lead vehicle (p<0.05). More time was spent exceeding the centreline marking in wide curves
(p<0.01) or the right side marking when driving a straight road (p<0.01) when their blood sugar
level was low.
3.3 City road
For Type I (aware) diabetics with a normal blood sugar level, the response times to the secondary
task were higher (more workload) than the control group of non-diabetics when negotiating a
sharp curve (p<0.01), a medium curve (p<0.02), a wide curve (p<.03) and when encountering a
crossing pedestrian (p<0.04). A difference was found between Type I (aware) diabetics with a
normal blood sugar level and non-patients, with Type I (aware) diabetics having a lower standard
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deviation of the lateral position in sharp curves (safer) than non-diabetics (p<0.01). The standard
deviation of the steering wheel was also lower (safer) for this diabetic group in sharp curves
(p<0.04), in medium curves (p<0.02), in wide curves (p<0.04), when approaching a suddenly
appearing vehicle (p<0.05) or when approaching a STOP sign (p<0.02).
For Type I diabetics (unaware), more signals were missed on the Peripheral Detection Task
(higher workload) with normal blood sugar level compared to the control group when negotiating
a medium-radius curve (p<0.03) or a wide curve (p<0.02). Response times were also higher
(more workload) in sharp curves (p<0.02), in medium curves (p<0.01), and when encountering a
crossing pedestrian (p<0.02). In sharp curves, the standard deviation of the lateral position was
lower (safer) for Type I diabetics with a normal blood sugar level compared to non-diabetics
(p<0.05). This was also the case for medium curves (p<0.05). The SD of the steering was lower
(safer) for Type I (unaware) diabetics when driving in a sharp curve (p<0.01) and in a medium
curve (p<0.04). The Type I (unaware) group under normal blood sugar level drove a little slower
than the control group of non-patients when approaching a crossing pedestrian (p<0.03). The
percentage of time that the TLC was lower than 1 second was lower (safer) for the diabetic group
in a wide curve (p<0.01) and on a straight road (p<0.02).
With Type II diabetics with a normal blood sugar level, more signals were missed (higher
workload) compared to the group of non-diabetics in a medium curve (p<0.03), a wide curve
(p<0.02), when driving on a straight road (p<0.02) and in case of a suddenly appearing vehicle
(p<0.05). The response times to the secondary task were higher (higher workload) when driving
in a sharp curve (p<0.02), a medium curve (p<0.01), a wide curve (p<0.01) or when approaching
a STOP sign (p<0.01) in comparison with a non-patient group. The swerving in the lane was less
(safer) for Type II diabetics with a normal blood sugar level compared to the control condition in
sharp curves (p<0.02) but more (less safe) when approaching a STOP sign (p<0.01). The SD of
the steering was lower (safer) for the Type II patients compared to the control condition (p<0.04)
in sharp curves. The speed in sharp curves was also lower (safer) for diabetics with euglycaemia
(safer) compared to non-diabetics. The percentage of the time that the TLC is less than 1 second
in sharp curves is lower (safer) for the Type II diabetics (p<0.01) with the normal blood sugar
level.
With a low blood sugar level, Type I (aware) diabetics drove with a lower speed compared to a
normal blood sugar level in sharp curves (p<0.02). No difference was found on any of the other
variables.
In case of hypoglycaemia, response times for the Type I (unaware) diabetics to the secondary task
were higher (more workload) when approaching a crossing pedestrian compared to the normal
blood sugar level (p<0.05). With a low blood sugar level, the swerving in the lane is less than
with a normal blood sugar level when approaching a STOP sign (p<0.05). The SD of the steering
was higher (less safe) in case of a suddenly appearing vehicle (p<0.04). They drove a little slower
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with a low blood sugar level (p<0.04) when negotiating a sharp curve. The percentage of time a
TLC was lower than 1 seconds when driving on a straight road was lower?? (safer) for a low
blood sugar level in diabetic patients (p<0.01).
When we compare the normal blood sugar level and a low blood sugar level in patients of Type
II, we find that the percentage of time exceeding the centreline marking in a wide curve is higher
(less safe) for the low blood sugar level (p<0.03). No effect was found on any of the other
performance levels.

4 Conclusions
In summary, all results have to be taken together in order to have a good understanding of what
kind of performance changes in diabetics or when experiencing hypoglycaemia. In order to get
such an overview, several performance levels have to be combined. For performance on the
secondary task (which is a measure of workload), response times to the task and percentage
missed signals are weighted in the same manner. For driving performance, the effects of mean
speed, line crossings and SD of lateral position are taken together.
When we try to see whether there is an effect of the mere fact of being a diabetic, we have to
compare performance of diabetics with a normal blood sugar level to the performance of nondiabetics (also with a normal blood sugar level). In case we find that there is a difference between
those two groups, this difference can be attributed to the mere fact of having diabetes, since there
is no difference between their blood sugar level. Table 1 summarizes the effects.
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Table 1: Diabetes Effects On Workload And Driving Performance, With 0 Indicating There Is No
Difference Between This Group Of Diabetics And Non-diabetics, + Indicating Better Diabetics
Performance, And - Indicating Worse Performance Of Diabetics (Type 1 (a): Type I Diabetics
(Aware); Type I (u): Type I Diabetics (Unaware); Type II: Type II Diabetics).
Motorway
Rural road
City
Normal
Critical
Normal
Critical
Normal
Critical
driving
scenarios
driving
scenarios
driving
scenarios
Type
I (a)
Type
I (u)
Type
II

PDT

driving

PDT

driving

PDT

driving

PDT

driving

PDT

driving

PDT

driving

0

0

0

0/+

0

0

0

+

-

0

-

+

0

0

0

0

0

+

-

0

-

0

-

++

-

0/-

0

-

-

0/-

-

0

-

0

--

+

From this summarising table, it can be concluded that when diabetics have a normal blood sugar
level, some differences are already found with non-diabetics. In general, for Type I (aware)
diabetics, the driving task appears to be a little bit more demanding than for non-diabetics,
although their driving performance was also somewhat safer. Therefore, it can be concluded that
under conditions of normal blood sugar levels, the driving performance of Type I (aware)
diabetics is at least as well as that of non-diabetics. For Type I (unaware) diabetics, this is also
the case. The experienced workload (i.e. the effort spent) is a little bit higher, but driving
performance is also a little better than that of non-diabetics.
When we look at the performance of Type II diabetics under conditions of normal blood sugar
level, more workload is experienced during driving. This extra load is accompanied by slightly
unsafer driving performance, although driving in city roads in critical scenarios is at least as good
as for non-diabetics. Thus, there is some indication that the performance of this type of diabetics
is overall slightly worse, since they experience more workload and have worse performance
under some conditions.
If we look at the effect of hypoglycaemia in diabetic patients, a summarising table is also
required. Table 2 shows the effect of a low blood sugar level in the three different types of
diabetics compared to a normal blood sugar level of the same group, taking the difference into
account between ride 1 and ride 2 in the non-diabetics group.
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Table 2: Hypoglycaemia Effects On Workload And Driving Performance, With 0 Indicating There
Is No Difference When Driving Under Low Blood Sugar Level, + Indicating Better Performance
And - Indicating Worse Performance.
Motorway
Rural road
City road
Normal
Critical
Normal
Critical
Normal
Critical
driving
scenarios
driving
scenarios
driving
scenarios
Type
1a
Type
1u
Type
2

PDT

driving

PDT

driving

PDT

driving

PDT

driving

PDT

driving

PDT

driving

0

0

0

0

-

+

0

0

0

0

0

0/+

0

0

0

0

-

0

0

0

0

0

0/-

0/+

0

0

-

0

-

--

0/-

0

0

0/-

0

0

When interpreting this table is can be seen that the effect of a low blood sugar level is also
present in some conditions. For the Type I (aware) diabetics, there appears to be no effect at all.
With a little more effort spent under some conditions, driving behaviour is at least as good, if not
better than with a normal blood sugar level. Type I (unaware) patients also spent a little bit more
effort, with the same driving performance. For Type II diabetics the effect is at its clearest, with
more experienced workload during the task when their blood sugar level is low, and slightly
decreased driving performance. For this group, the effect of a low blood sugar level is most
outspoken.

4 Discussion
The results from this extensive driving simulator study are clear. For Type I diabetics (aware and
unaware), there were no negative effects on driving performance. Under some conditions,
slightly more workload is experienced, but this does not result in any negative effects on driving
behaviour. There are, however, indications that the Type II diabetics are worse in this respect
than non-diabetics. This effect is small under a normal blood sugar level, but it is more evident
when the blood sugar level is low. Under these conditions, it is important that Type II diabetics
stop their driving as soon as possible.
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Background
In the USA, society's dependence on the personal motor vehicle has grown exponentially
during the past 50 years. Today, as a result of this almost total dependence, a large majority
of motorists outside of the major metropolitan areas have never been pedestrians in the true
sense of the word. Of course they walk short distances to and from their vehicles at the home
and destination ends of their trips, but very few of them routinely walk across public streets
and highways on a daily basis. Instead, their walking is almost exclusively limited to crossing
parking lots or sidewalks as close as possible to destinations or inside shopping malls.
Children are more and more frequently “taxied” between activities and do not gain valuable
experience as pedestrians. Consequently, when they are old enough to drive and are behind
the steering wheel of a motor vehicle, their driving behavior either consciously or
subconsciously can pose a danger to the safety of pedestrians. In this context, according to
the National Highway Traffic Safety Administration 1 almost 5,000 pedestrians were killed
and 85,000 injured in traffic crashes in 1999. As such, pedestrian safety is recognized as a
serious national concern in the US.
To compound this problem, over the same period, many innovative transportation related
planning and engineering changes have been successfully implemented. The intent of these
changes has been to make the most efficient use of existing street and highway facilities and
developing technology. In addition to tangible improvements such as turn lanes, highoccupancy vehicle lanes, reversible lanes, more sophisticated traffic signal systems, and
driver information systems, drivers have been given choices that they never had before. For
instance, the red indication on the traffic signal does not necessarily mean that you have to
stop and wait until you receive a green signal indication. In this context, if a motorist is in
the right hand curb lane believes that a large enough gap exists in the cross-street traffic
moving from left to right in the curb lane, then he or she is generally permitted to make a
right turn on red (RTOR) after having first come to a complete stop. Prohibitions to the
RTOR rule do exist - some are outright bans and some are time-of-day-related.
In some states, it is also possible to make a left turn on a red traffic signal indication,
although this is restricted to making a left turn onto a one-way street where the cross traffic
moves from right to left. Again, temporal or situational prohibitions similar to that of RTOR
exist, but what makes this choice potentially more dangerous to pedestrians and motorists
alike is the very fact that this left turn on red (LTOR) practice is permitted is some states but
not in others. For example, a motorist from Virginia, a state that permits LTOR and borders
North Carolina, may assume that LTOR is also permitted in North Carolina. Clearly, in a
non-LTOR state, the absence of signs prohibiting LTOR does not mean that LTOR is
permitted.
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Other examples of choices given to or taken by the motorist include; traffic signals that
transition into a flashing mode during the middle of the night, changing lanes without
signaling, and implied (but not widespread posted) speed limits.
Further, during the act of driving, today's motorist is saturated with information of varying
value that can affect his or her ability to make quick and correct decisions (at best) or can
confuse him or her (at worst), thereby affecting the way the vehicle interacts with other
vehicles on the same street or highway, and with pedestrians. Radios have been a standard
feature in vehicles for a long time, but now they can be (and frequently are) played louder
than ever before (drowning out external noises), and there are tape and disk players, which
periodically require attention from the motorist. On-board computers that provide
navigational information are now beginning to appear as options. Using cellular phones,
smoking, and eating while driving are also well-documented distractions, as is the presence
of passengers.
Outside of the vehicle, the motorist has to contend with numerous similarly distracted
motorists, street and highway signing of uniform content and design but varying degrees of
adequacy, plus pedestrians, bicyclists, parked vehicles, and choices.
Choices by themselves are not bad, but with respect to the act of driving, today's society may
have more choices than is “good” for it. Right turn on red was instituted for sound
transportation, economic, and environmental reasons (i.e., increase capacity, reduce delays,
reduce emissions), and if the maneuver is conducted in accordance with the law and in a safe
manner, then all of these goals can be achieved. However, if the maneuver is conducted
where it is prohibited or unsafe, then personal safety of the driver and other individuals is
jeopardized, regardless of whether or not the other goals are achieved. Motorists who, for
example, do not come to a complete stop before making a RTOR may think that they are still
making a safe maneuver, but what they have done is interpreted the law to benefit themselves
at the risk of others’ safety.
Once a few rules have been bent through personal interpretation, it can carry over to other
traffic laws that are intended to be absolute, i.e., not subject to interpretation. For example,
some motorists no longer come to a complete stop at STOP signs; they treat them more like
YIELD signs; others ignore YIELD signs completely. And, what has in recent years become
a national epidemic, is that a growing number of motorists do not slow down for yellow
traffic signal indications, but speed up and frequently go through intersections when the
signal indication is red - "red light running".
This paper is not intended to explain why a particular motorist will or will not drive in an
unsafe manner, or subject him/herself to distractions while driving, or to interpret traffic laws
to his/her individual advantage, but to suggest that this behavior is a cumulative result of
being given choices.

Literature Review
Driver handbooks issued by state divisions of motor vehicles (or equivalent agencies) focus
on the administrative and legal requirements for obtaining a driver license, basic driving
skills and safety issues, and traffic laws, signs and markings. Emphasis is generally directed
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toward the new driver or new resident reading the handbook, and the operation of his or her
vehicle with respect to other vehicles on the same roadways. Pedestrians are mentioned but,
except in a few states’ handbooks, the coverage is not extensive and does not make the driver
aware of the driving behavior necessary when interacting with pedestrians.
The North Carolina Driver’s Handbook 2, for example, contains a detailed discussion on the
driver’s responsibilities and requirements to yield right of way to pedestrians as well as the
responsibilities of pedestrians. It specifically mentions the requirement for the driver to stop
at the appropriately marked stop line in advance of a crosswalk. It also advises the driver that
unless there is a sign indicating NO TURN ON RED, he or she can turn right on red after
stopping and making sure that the turn can be made safely. Notably, it does not directly
advise the driver how to combine the stop at the stop line with the maneuver to position the
vehicle for making a permitted right turn on red (RTOR).
In Chapter 4 of the Massachusetts Driver’s Manual 3, further clarification on driver behavior
at an intersection is provided by the statement that “you may not enter an intersection or drive
across a crosswalk unless there is room for you to drive through to the other side safely.
Obstructing the paths of other vehicles or pedestrians in an intersection or crosswalk causes
traffic jams and violates traffic law.” Interestingly, the passage does not mention that the
safety of pedestrians might also be jeopardized; however, pedestrian safety is addressed
elsewhere in the manual.
Publications by pedestrian and safety advocacy groups were also examined. One such group,
the Pedestrian and Bicycle Information Center (PBIC), was established at the University of
North Carolina Highway Safety Research Center with funding from the USDOT “to connect
communities with the information and resources they need to create safe places for walking
and bicycling”. In its information series on Design and Engineering/Signals and Signs 4, the
PBIC recommends that signs should prohibit RTOR wherever and whenever there are high
pedestrian volumes. It further recommends that vehicle stop lines should be moved back
(“recessed”) by 15 to 30 feet from pedestrian crosswalks at both signalized and nonsignalized locations for an improved factor of safety and for improved visibility of
pedestrians.
Another safety advocacy group, the Advocates for Highway and Auto Safety, published the
results of its third annual survey of national attitudes related to highway and auto safety in
1999 5. Conducted by the Peter Harris Research Group, under contract to Louis Harris,
researchers queried participants about the level of attention that should be directed toward
making dangerous intersections safer for pedestrians. In response to the option of a) much
more attention, b) somewhat more attention, or c) leave as it is,” results indicated that “much
more attention” was chosen by 57% of all respondents, with women feeling the need more
than men (62% vs. 52%) and elderly persons more than younger persons (60% vs. 52%).
The Insurance Institute for Highway Safety (IIHS) conducted a study at 15 intersections in
Arlington, Virginia to evaluate two methods for restricting RTOR at intersections where
pedestrians are present 6. The two methods were: signs prohibiting RTOR during specified
hours; and signs prohibiting RTOR when pedestrians are present. The study found that signs
prohibiting RTOR during specified hours were very effective at increasing the proportion of
drivers stopping at stop lines (from 21% to 40%). Also, the proportion of RTOR drivers who
did not stop, decreased from 32% to 13%, and the proportion of pedestrians who were forced
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to yield to turning vehicles decreased from 17% to 7%. Signs giving drivers discretion to
turn right on red based on the presence of pedestrians were not effective.
The Environmental Working Group and the Surface Transportation Policy Project jointly
published a report in 1997 titled “Mean Streets” 7. The group noted that more than half of all
pedestrian deaths by motor vehicles occur on neighborhood streets, and that it was not a
question of pedestrians walking in the wrong places. Instead, the local streets were becoming
speedways, designed to accommodate more cars passing through, not the people who walk in
their communities.
Several cities and states have taken steps to address conflicts between motor vehicles and
pedestrians. In Arizona, the Department of Transportation’s crosswalk policy 8
acknowledges the different perspectives that pedestrians and drivers have about marked
crosswalks, and recommends that they not be installed unless anticipated benefits clearly
outweigh their associated risks. In essence, the message is that marked crosswalks by
themselves should not be considered to be pedestrian safety devices. On a marked crosswalk,
a pedestrian may have a false sense of security and place him/herself in a hazardous position
with respect to vehicular traffic, since a driver’s view of a crosswalk is greatly reduced at the
safe stopping distance due to the viewing angle and the distance. Street alignment, pavement
irregularities, weather, dirty windshields, glare, and adverse lighting conditions also affect the
driver’s view of the crosswalk.
The Atlanta-based Pedestrians Educating Drivers on Safety, Inc. (PEDS) suggests behavioral
changes for drivers and residents that should contribute toward making Atlanta more
walkable9. PEDS disseminates information to increase the awareness of applicable state laws
concerning right of way, including the requirement that drivers must stop behind crosswalks,
not on top of them. In the metropolitan Atlanta area, the National Center for Injury
Prevention and Control (NCIPC) conducted an investigation of pedestrian fatalities in four
counties and concluded that the annual pedestrian fatality rate was not only consistently
higher than the national rate, but also steadily rising10. The NCIPC suggested safety tips for
pedestrians and drivers. One pedestrian warning was “Do not assume that a green light, a
WALK signal, or a crosswalk means that the street is safe to cross. As some drivers may
disregard traffic rules, you must be aware of vehicles even when you have the right of way.”
Drivers, on the other hand, are urged to: (1) yield to pedestrians and not to attempt to pass in
front of or around pedestrians while they are in a crosswalk; (2) stop well short of the
crosswalk when stopping at an intersection, so as not to block pedestrians crossing signals;
(3) look to the right, as well as to the left, when making a right turn on red, so as not to miss a
crossing pedestrian; and (4) be attentive to pedestrians, even when operating a radio, cellular
telephone, or lighting a cigarette, since any one of these activities can divert attention long
enough to hit a pedestrian.
In metropolitan Nashville, Tennessee (pop. 570,000), the Metropolitan Planning
Commission’s Traffic and Pedestrian Safety Task Force published a report in 1998 that
included suggestions for decreasing congestion and promoting traffic and pedestrian safety. 11
The report noted that during the three year period from 1995 to 1997, the Metropolitan Police
Department issued over 125,000 citations for speeding, over 24,000 for careless and reckless
driving, over 15,000 citations for failure to stop or yield at intersections, and over 6,000
citations for turning when prohibited. The task force concluded that people are discouraged
from walking because vehicular traffic makes them feel unsafe, the lack of education about
traffic laws contributes to unsafe driving, and there is an apparent lack of compliance with
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existing traffic laws. Included in a list of pedestrian improvements was a recommendation to
“prohibit RTOR in selected downtown- area intersections.”
The extent to which pedestrians comprehend traffic control devices was the subject of a study
conducted by two University of Tennessee researchers12. Four types of information were
collected from respondents: demographic characteristics, problem assessment, knowledge of
pedestrian laws, and knowledge of pedestrian traffic control devices. Findings indicated that a
significant number of respondents misunderstood traffic laws, signals or signs related to
pedestrians, leading the authors to conclude that if traffic control devices are misunderstood
to this extent, then traffic engineers are not properly serving the community.
Analogously, driver behavior is the subject of two Canadian reports. In the first report, titled
“The Roles of Legislation, Education, and Reinforcement in Changing Road User Behavior,”
13
the author suggests that several factors have played a role in promoting the current
behavior of road users. Further, the author asserts that it is difficult to compare the
effectiveness of road safety programs because they have rarely been designed or evaluated
according to behavior change. Four methods are proposed for changing behavior: Legislation,
Enforcement, Reinforcement and Education. Legislation sets socially acceptable standards
and imposes sanctions on violators, but a new law (e.g., seat belts) by itself has limited
influence, since the initial effect due to the publicity it gets declines fairly rapidly. Therefore,
legislation needs support from the other three methods. Enforcement upholds society’s
expectations and standards, however, road users may view sanctions (e.g. fines) as: (1) a cost
of doing business; (2) a moral issue; (3) an inefficient and discriminatory systems; or (4) a
revenue generator. Reinforcement differs from enforcement in that it focuses on encouraging
desirable behaviors rather than discouraging undesirable behaviors. Education helps people
develop knowledge, skills and changes in attitude, and feeds the development of internal and
informal social controls.
In the second report titled “Risk Mentality; Why Drivers Take The Risk They Do?”, 14 the
author suggests that passive safety strategies (seat belts, air bags, automatic braking systems)
are dominant partly because of the poor understanding of driver behavior and the weak
behavior change methods used in the past. It is easier and more acceptable to exert pressure
on the relatively few automobile manufacturers to produce safer vehicles than to exert
pressure on individual drivers to drive more safely. The author concludes that drivers take
risks either because they don’t realize they are taking them, or because they are willing to
accept them. Furthermore, the vast majority of deaths and injuries on the roads are caused by
the actions of “normal” drivers, as opposed to those who are identified as deviant, abnormal
or particularly “bad” drivers. In general, normal drivers are motivated to behave in ways they
think are useful to their best interests.
Finally, in a reflection on values in our society, US Congressman Dick Armey notes 15 that
although we are more prosperous than ever in material terms, we have become more tolerant
of incivility and less concerned about unpunished acts of injustice. This clearly affects
everything we do, including driving.

North Carolina Survey
To learn more about the traffic-related actions, awareness, and observations of drivers in
North Carolina, a survey was developed and administered to a sample of 100 licensed drivers
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who are residents of North Carolina. Of the 100 drivers in the sample, exactly one-half were
male and one-half were female. One-fifth were 25 years of age or younger; 10 percent had
been driving 5 years or less; 70 percent had been driving more than 10 years; and 75 percent
learned basic driving skills in high school. For purposes of reporting findings, drivers were
split into two age groups: Younger (up to and including 25 years of age) and Older (over 25
years of age).
1. Respondents’ Actions
G

23 percent of the respondents stated that, although they slow down, they do not
come to a complete stop at a STOP sign. Younger drivers proportionately
exhibited this behavior more than older drivers (45% vs. 18%)

G

17 percent of the respondents stated that, when approaching a traffic signal that
has just changed from GREEN to YELLOW, they speed up. In addition, 22
percent stated that they wait to see what the vehicle in front of them is going to do
(stop or speed up) before making a decision. Younger drivers speed up more
often than older drivers (26% vs. 15%), and wait to see what the vehicle in front is
going to do (27% vs. 21%)

G

99 percent of the respondents stated that they slow down and stop if necessary at a
YIELD sign

G

99 percent of the respondents stated that, when approaching a pedestrian on a
marked crosswalk, they slow down and stop in order to yield right of way to the
pedestrian

G

71 percent of the respondents stated that, after stopping at a STOP LINE, they
wait for the GREEN signal before moving again. There was no significant
difference for sex or age.
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2. Respondents’ Awareness
G

95 percent of the respondents responded in a manner that confirmed that they
understood the rules for RTOR (which is permitted in North Carolina). Males and
females were equally aware of the RTOR rules, as were younger and older
drivers.

G

Only 75 percent of the respondents knew that a left turn on red (LTOR) is not
permitted in North Carolina. The level of understanding was greater for males
than for females (82% vs. 68%) and for older drivers as opposed to younger
drivers (79% vs. 60%).

G

92 percent of the respondents stated that they knew they were supposed to stop
their vehicles at the STOP LINE before a crosswalk. There was no significant
difference by sex and age.

G

21 percent of the respondents stated that they had never heard of the STOP LINE
before taking the survey. More females had not heard of the STOP LINE than
males (30% vs. 12%) and more younger drivers than older drivers (35% vs. 17%).

G

41 percent of the respondents stated that STOP LINES were not clearly marked.
Females exceeded males (46% vs. 36%) and younger drivers exceeded older
drivers (55% vs. 37%).

G

46 percent of the respondents stated that it was not easy to see where they were
stopped relative to the STOP LINE. Females exceeded males (56% vs. 36%) and
younger drivers exceeded older drivers (55% vs. 44%).

3. Respondents’ Observations
G

14 percent of the respondents stated that more than occasionally they have stopped
their vehicle in a crosswalk and pedestrians have had to walk around their vehicle.
There was no significant difference between the sexes, but younger drivers
admitted to finding themselves in this situation more often than older drivers (25%
vs. 11%).

G

68 percent of the respondents stated that, as pedestrians, they more than
occasionally find it necessary to walk around a vehicle blocking a crosswalk.
There was no significant difference between the sexes, but younger pedestrians
stated they found themselves in this situation more often than older pedestrians
(90% vs. 62%).

G

89 percent stated that more than occasionally they observed vehicles not stopping
at STOP signs. There was no significant difference between the sexes, but older
respondents observed it more than younger respondents (90% vs. 85%).

G

80 percent stated that more than occasionally they observed vehicles not slowing
down at YIELD signs. Females observed this more than males (84% vs. 76%),
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and older respondents observed it slightly more than younger respondents (81%
vs. 75%).
G

80 percent stated that more than occasionally they observed vehicles running RED
traffic signals. Females observed this more than males (84% vs. 76%) and
younger respondents observed it more than older respondents (90% vs. 77%).

Observations
Based upon the results of the survey of North Carolina licensed drivers, the following
observations, which may have nationwide driver training and roadway maintenance
implications, are made:
G

A significant proportion of respondents stated that they are unaware that left turns on red
are not permitted in North Carolina.

G

A significant proportion of respondents stated that they interpret STOP signs as YIELD
signs.

G

A significant proportion of respondents stated that they believe that STOP LINES are not
clearly marked.

G

A significant proportion of respondents stated that they are frequently forced to walk
around vehicles stopped in sidewalks.

G

A significant proportion of the respondents stated that they frequently observe vehicles
not slowing down at YIELD signs and not stopping at STOP signs.

G

Although differences in responses exist between male and female respondents, the most
significant differences are found between younger and older drivers, with younger drivers
always exhibiting a less favorable behavior.

Conclusions
G

The behavior of a significant proportion of drivers is dangerous not only to themselves,
but also to other road users, and pedestrians.

G

From a safety standpoint, significant proportions of drivers either ignore traffic control
devices or interpret the meaning to suit their own needs.

G

The attempt to achieve transportation, economic and environmental goals through traffic
capacity improvements can, but does not have to, compete with attempts to improve
traffic and pedestrian safety.
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Ten professional truck drivers participated in this simulated driving experiment. The
purpose of the experiment was to identify symptoms of fatigue in a prolonged morning drive
among drivers that had a full night sleep and were not sleep deprived. Two aspects of the
prolonged drive were examined: (a) changes in driving-performance measures, physiological
measures and subjective measures over the course of time, and (b) within the drive,
variability among three different types of inter-urban road segments with different levels of
attentional demands: winding road, two-lane undivided straight road, and a four-lane divided
highway.
Three conclusions can be drawn from this study: (a) task-induced fatigue can occur
even for drivers who are not tired or sleep deprived at the beginning of the drive, hence the
driving task itself induces fatigue. (b) Individual differences have a major influence on
specific fatigue related symptoms and on when (if at all) drivers fall asleep at the wheel. (c)
Drivers are active in the way they handle their performance decrement and they can adjust
their fatigue-coping strategy to the demands and conditions of the drive.
The most significant recommendation of this study is to increase drivers’ awareness
that the driving task itself induces fatigue. Drivers should be attentive to their subjective
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feelings of fatigue even when objectively they have been following the hours of service
regulations.
INTRODUCTION
In the past decade, driver fatigue has been acknowledged as a major contributor to
road accidents, in particular among long-distance drivers of heavy trucks (Brown, 1993; Chin
(Ed.), 1998). Long-haul truck drivers are often overworked and suffer from high levels of
fatigue related to lack of sleep and exertion (Mitler, Carskadon, Czeisler, Dement, Dinges,
and Graeber, 1988). However, in a recent study we showed that the problem of driver fatigue
exists also among short haul drivers and even among short haul drivers after a good night
sleep (Oron-Gilad and Shinar, 2000). A “good night sleep” does not immunize a driver from
the risk of falling asleep at the wheel. In our survey of military truck drivers (Oron-Gilad and
Shinar, 2000) only 71% of the mandatory-service military truck drivers reported that after a
good night sleep they feel more awake during the day. These drivers also reported a frequent
occurrence of subjective symptoms of fatigue such as physical discomfort (47%) and
boredom (38%). This can be partially explained by the unique characteristics of mandatoryservice military truck drivers, since they differ from civilian drivers in their age and in their
attitude toward the profession.
Since there are large individual differences in the manifestation of fatigue, De Waard
and Brookhuis (De Waard and Brookhuis, 1997; Brookhuis and De Waard, 2000) stress the
importance of incorporating multiple measures (physiological, subjective, and performance
measures) to assess workload and impaired driving performance. In particular heart rate
variability (HRV) is considered a reliable measure of changes in levels of mental capacity and
workload during driving (Meshkati, 1998, De Waard and Brookhuis, 1997).
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In the current study we examined, in a simulated environment, symptoms of fatigue
among professional military truck drivers during a prolonged drive, with variable road
conditions; while monitoring performance, physiological and subjective measures.
METHOD
Participants
Participants were 10 mandatory service professional military male truck drivers,
selected randomly from two military transport centers near Beer-Sheva their average age was
22 (Std. 3).
Apparatus and tasks
The driving was conducted in a STISIM fixed based driving simulator (System Technology,
Inc.), a personal computer (PC) based interactive simulator with interactive gas and brake
pedals and an interactive steering wheel. The simulation includes vehicle dynamics, visual
and auditory displays, and a performance measurement system. The driving simulator is
integrated into a passenger car (SEAT Malaga 1988) which provides the look and feel of
driving in a real car. The visual display of the road is projected on 3x3-m2 screen at a distance
of 3 meters from the driver’s eyes, providing the driver with a true horizontal field of 40
degrees. A camera recorded the subject’s face and upper body posture.
Driving Scenario
The driving scenario consisted of a single sequence of three road segments, simulating three
roads in the southern part of Israel. A winding road with 22 curves on a 9.2 Km long segment
{1}, driven either uphill {1a} or downhill {1b}, a two-lane straight 13.3 Km rural road {2},
and a straight four-lane divided highway with low traffic density that is 13.0 km long {3}.
Road segments varied in length to ensure at least 10 minutes of driving on each segment.
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Total length of the drive was 230 Km, and the sequence was {1a} -{3} -{2} -{1b} -{3} {1a} -{2} -{3} -{3} -{1b} -{2}.
Electrophysiological monitoring
HRV – ECG signals were recorded from two skin surface electrodes at a sampling rate of 250
Hz using an ‘Axon’ (cyberamp 380) amplifier and filtering system to a PC computer.
Heart Rate (HR) was calculated by measuring R-R intervals. Heart Rate Variability (HRV)
was calculated using the calculation of S.D. of R-R intervals (time domain).
Questionnaires and subjective measures.
Perceived fatigue related to the driving task was assessed by the Swedish Occupational
Fatigue Inventory-20 (SOFI) (Aahsberg, 1998). This inventory is composed of five
dimensions; Physical discomfort, Physical exertion, Lack of energy, Lack of motivation, and
Sleepiness. The questionnaire includes 20 questions (4 for each dimension) with a likert scale
of 0-6 (0-not at all, 6-extremely). The score on each dimension is calculated by the averge of
the responses to the 4 questions.
Drivers were also required to provide a wholistic self-assesment of their fatigue level on a
scale of 1-100 (1-totaly awake, 100-extremenly sleepy).
Procedure
Drivers arrived at the lab one at a time around 8:00 AM (usually they start their
workday around 6:00 AM) after a full night sleep (at least 7 hours). At first they were given a
trial drive on the simulator. Then they were connected to the ECG monitor and asked to drive
two short sessions: one of winding road {1a} and one of the straight road {2}. Around 10:30
AM the drivers were assigned to the prolonged drive. Every 25 minutes they were interrupted
by the experimenter and asked to specify the level of their fatigue on a scale of 1-100. Drivers
had to fill the SOFI questionnaire after the morning sessions and after the prolonged drive.
The experiment ended when the driver: (1) fell asleep at the wheel continuously, or
(2) caused an accident due to falling asleep at the wheel, or (3) said repeatedly that he could
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not continue to drive. Drivers did not know in advance when the experiment was about to end
and they were told that the drive would take approximately three hours.
RESULTS
Self-reports of fatigue, the experimenter’s impression, subjective measures,
physiological measures, and driving performance measures were used to assess the state of
the driver during the experiment. The average driving time of the prolonged drive was 92
minutes (s.d. =14 min).
Experimenter’s observation and camera recordings
Two drivers did not show any apparent overt fatigue symptoms (no eyelid closures
and/or head nods) during the prolonged drive. Their drive terminated when they said they
could not drive anymore (this occurred 77 and 106 minutes after the start of the drive). These
two drivers also reported that they never fell asleep at the wheel in the past. For the remaining
eight drivers eyelid closures started to appear after an average of 58 minutes (s.d. = 14 min).
For three drivers head nodding appeared after an average of 75 minutes (s.d. = 3 min).
Seven drivers voluntarily indicated a subjective break down point (they wanted to stop
driving) after an average of 54 (13) minutes. Interestingly, for all drivers these breakpoints
appeared prior to the observed fatigue symptoms of eyelid closures or head nodding.
Subjective changes in feeling fatigue
Drivers were asked to rate their subjective feeling of fatigue prior to the prolonged
drive, every 25 minutes within the drive, and at the end of the driving session. The subjective
fatigue ratings relative to the rating before the beginning of the drive are shown in Figure 1.
The effect of time was found marginally significant (F(4,35)=2.6 p<.06) when calculated for
all participants, but significant (F(3,29)=3.4 p<.03) for the five participants who drove for
over 100 minutes. Once the drive ended (which differed among drivers) the rated level of
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fatigue was similar for all drivers - about 35% above the initial rating of fatigue. The
difference between the ‘Before’ and ‘After’ ratings was not significant.

Figure 1. Change in Subjective Fatigue Ratings (in percentages, relative to the ‘Before’ ratings).

Subjective Occupational Fatigue Inventory (SOFI)
Participants were asked to fill the inventory before and after the completion of the
prolonged drive. Unlike the single-dimension scale of fatigue that showed no significant
differences between before and after the completion of the drive, the SOFI showed significant
differences in all dimensions of fatigue except for physical exertion (which was marginally
significant at p=.07). Figure 2 summarizes the findings.
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Figure 2. Subjective Occupational Fatigue Inventory (SOFI) Before and After
the Prolonged Drive (all drivers). * Difference significant at p<.02
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Physiological measures-Heart rate and heart rate variability
The average heart rate (HR) and heart rate variability (HRV) were calculated for each
road segment. HR changes were not significant over the course of time while the HRV
changed significantly over time F(8,73)=5.57, p<.0001. The effect of road type on HR and
HRV was not significant. Figure 3 shows the average HR and HRV as a function of time. As
can be seen from that figure HRV increased systematically after approximately 30 minutes,
suggesting an onset of fatigue at that point.
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Figure 3. Average Level of HR and HRV During the Drive Relative to The Initial Level (100).

Performance measures
Driving performance was measured by four parameters: the root mean square (RMS)
of the lane position, RMS of the steering wheel rate, the average longitudinal speed and the
RMS of the longitudinal speed. Performance measures were calculated for each road segment
(block) separately. Tables 3-5 summarize the performance measures. Due to the different
characteristics of the road segments making up the complete drive, it is not meaningful to
note changes in performance continuously. Instead, identical road segments were compared.
The most striking result is that fatigue related performance decrement is manifested
differently for each type of road. In each type of road drivers chose to “loosen up” in what
they perceived as the most tolerant element.
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On the two lane winding road (Table 3) the change in performance appeared in the
longitudinal speed, when speed was significantly higher in Block 6 than in Block 1.
On the two-lane undivided straight road (Table 4), the deterioration in performance
between Block 3 and Block 7 was significant for the quality of the lane positioning and the
corresponding steering wheel control. In one extreme case, a driver actually drifted off the
road and ended in a crash. There were no significant differences in speed.
On the four-lane divided highway (Table 5), the road was very tolerant, to start with,
as reflected by the high RMS of the lane deviations, which was over three times larger than in
the other two road types. Consequently the marginally significant decrement appears only in
the quality of steering. The decrement in steering control appeared between Block 2 and
Block 5 and remained unchanged afterwards. As in the two-lane undivided straight road,
there were no significant differences in speed, and in one extreme case a driver actually
drifted off the road and ended in a crash.
Table 3: Performance Measures on the Winding Road {1a}.

Driving performance measures
Block 1 Block 6
RMS lane position [feet]
1.20
1.53
RMS steering wheel [degree/second]
16.95
20.42
Mean longitudinal speed [mile/hr]
35.44 *39.53
RMS longitudinal speed [mile/hr]
15.11
14.67
* t(7)=-3.6, p<.01
Table 4: Performance Measures on the Two-lane Straight Road {2}.

Driving performance measures
Block 3 Block 7
RMS lane position [feet]
0.96 ***1.63
RMS steering wheel [degree/second]
6.10 **11.07
Mean longitudinal speed [mile/hr]
52.02
51.08
RMS longitudinal speed [mile/hr]
4.03
6.27
***t(7)=-5.8, p<.001 **t(7)=-3.4, p<.02
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Table 5: Performance Measures on a Four-lane Divided Highway {3}.

Driving performance measures
Block 2 Block 5 Block 8
RMS lane position [feet]
3.61
3.54
3.47
RMS steering wheel [degree/second]
5.77
*9.44
9.83
Mean longitudinal speed [mile/hr]
49.77
45.66
47.58
RMS longitudinal speed [mile/hr]
12.49
12.76
11.73
*t(7)=-2.1, p<.08
DISCUSSION
Our results demonstrate indications of fatigue symptoms and performance decrements
on drivers on the following measures: observation of eyelid closures and head nodding,
subjective fatigue ratings, SOFI inventory (Aahsberg, 1998), HRV and driving related
measures. Together these measures provide clear evidence for the appearance of fatigue
among professional drivers that were neither sleep deprived nor tired prior to the beginning of
the drive. Thus, the results demonstrate how the driving task itself can induce fatigue.
According to the SOFI inventory, the most dominant dimensions of induced fatigue
were in the feeling of sleepiness, in the lack of motivation to continue driving, and in the lack
of energy. Physical symptoms of fatigue that have been reported in actual driving (Oron-Gilad
and Shinar (2000)) were not strongly experienced in the simulated drive. Nevertheless,
fatigue symptoms occurred relatively quickly (in less than an hour of driving) and none of the
drivers actually managed to complete the entire driving scenario of 230 Km.
Even though our sample of drivers was small, the effects of individual differences in
fatigue symptoms were clearly demonstrated. Two drivers that reported that they had never
fallen asleep at the wheel did not fall asleep during the experiment either, while all the others
did. For all drivers, the peak ratings of subjective fatigue and the subjective break-down point
appeared somewhere between 50 and 75 minutes of driving, and only 50% of the drivers were
able to overcome this peak and continue driving. We also found a moderate correlation
between the subjective ratings of fatigue and the physiological measure of HRV (r=.316,
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p=.05). In both measures there was a significant effect of time on task. HRV clearly reflects
the increase in fatigue level and decrease in alertness. However, there is a need to be cautious
with using physiological measures as a single ‘alertness measurement device’, since they are
quite susceptible to by interruptions or temporal events.
An interesting finding of this experiment is in the way that fatigue is reflected in
driving performance. Our results suggest that drivers are flexible in the way they handle
fatigue over the course of time. They can adopt different strategies to compensate for their
performance decrement, by focusing efforts on critical elements of the road. Thus, on the
winding road the changes in performance were manifest in longitudinal speed increase and
not in lane positioning or in the steering wheel control. On the straight undivided two-lane
road the changes in performance were most pronounced in poorer lane positioning and poorer
steering wheel control. In two extreme cases, on the straight road segments, the lane drifting
actually ended in a crash when the drivers allowed their vehicle to drift off the road. The
divided highway road turned out to be a real ‘sleep trap’ allowing drivers to loosen up in all
performance dimensions - lane deviation, steering wheel control and speed - to set very “soft”
safety margins. To emphasize the importance of incorporating multiple measures of fatigue
(De Waard and Brookhuis, 1997; Brookhuis and De Waard, 2000) we suggest that it is not
only individual differences that demand the use of multiple measures, but also the
environmentally induced fatigue-coping strategies that influence changes in driving patterns
and in driving related performance measures. Therefore one has to consider road
characteristics in the assessment of fatigue and to use several performance measures in order
to detect fatigue-related changes in driving performance.
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CONCLUSIONS AND RECOMMENDATIONS
Three conclusions can be drawn from this study: (a) task-induced fatigue can occur
even for drivers who are not tired or sleep deprived at the beginning of the drive, hence the
driving task itself induces fatigue. (b) Individual differences have a major influence on
specific fatigue related symptoms and on when (if at all) drivers fall asleep at the wheel. (c)
Drivers are active in the way they handle their performance decrement and they can adjust
their fatigue-coping strategy to the demands and conditions of the drive.
The most significant recommendation of this study is to increase drivers’ awareness
that the driving task itself induces fatigue. Drivers should be attentive to their subjective
feelings of fatigue even when objectively they have been following the hours of service
regulations.
ACKNOWLEDGMENTS
This study was supported in part by a grant from General Motors and Universal
Motors. The cooperation of the Israeli Defense Force (IDF) is gratefully acknowledged. We
thank Vardit Zivov and Elinor Knafo who assisted in data collection.
REFERENCES
Aahsberg Elizabeth (1998). Perceived fatigue related to work, University of
Stockholm, Department of Psychology, Sweden. ISBN 91-7153-830-5.
Brown, I. D. (1993). Driver Fatigue and Road Safety. Alcohol, Drugs and Driving, 9,
3-4, 239-252.
Brookhuis, K.A., De Waard, D. (2000). Assessment of drivers’ workload:
performance, subjective and physiological indices. In Stress, Workload and Fatigue, P.A.
Hancock & P.A. Desmond (Eds.). New Jersey: Lawrence Erlbaum,

-11-

Oron-Gilad, Ronen, Shinar & Cassuto
Chin, M. (Ed) (1998). Drowsy Driver and Automobile Crashes - NCSDR/NHTSAexpert panel on Driver Fatigue and Sleepiness. Appears in the NHTSA web site
http://www.nhtsa.dot.gov/people/perform/human/Drowsy.html.
De Waard, D. & Brookhuis, K.A. (1997). On the measurement of driver mental
workload. In J.A. Rothengatter & E. Carbonell Vaya (Eds.), Traffic and Transport
Psychology. Theory and application (pp. 161-171). Oxford: Pergamon.
Desmond, P.A., and Matthews, G., (1997), Implications of task induced fatigue effects
for in-vehicle countermeasures to driver fatigue, Accidents Analysis and Prevention, Vol. 29.
No. 4, pp. 513-523, Elsevier Science Ltd.
Meshkati N., 1988. Heart rate variability and mental workload assesment, in P.
Hancock and N. Meshkati (Eds.) Human Mental Workload (pp. 101-115) Amsterdam:
Elsevier.
Mitler, M.M., Carskadon, M.A., Czeisler, C.A., Dement, W.C., Dinges, D.F. and
Graeber, R.C. (1988). Catastrophes, sleep and public policy: Consensus report. Sleep, 11,
100-109.
Oron-Gilad T. and Shinar D (2000). Driver Fatigue among Military Truck Drivers.
Transportation Research part F, vol.3 Issue 4, 195-209.

-12-

Oron-Gilad, Ronen, Shinar & Cassuto
Desmond, P.A., and Matthews, G., (1997), Implications of task induced fatigue effects
for in-vehicle countermeasures to driver fatigue, Accidents Analysis and Prevention, Vol. 29.
No. 4, pp. 513-523, Elsevier Science Ltd.
Meshkati N., 1988. Heart rate variability and mental workload assesment, in P.
Hancock and N. Meshkati (Eds.) Human Mental Workload (pp. 101-115) Amsterdam:
Elsevier.
Mitler, M.M., Carskadon, M.A., Czeisler, C.A., Dement, W.C., Dinges, D.F. and
Graeber, R.C. (1988). Catastrophes, sleep and public policy: Consensus report. Sleep, 11,
100-109.
Oron-Gilad T. and Shinar D (2000). Driver Fatigue among Military Truck Drivers.
Transportation Research part F, vol.3 Issue 4, 195-209.

-12-

DEALING WITH LACK OF EXPOSURE DATA
IN ROAD ACCIDENT ANALYSIS
Dr. John Golias
Associate Professor

Dr. George Yannis
Lecturer

Department of Transportation Planning and Engineering
National Technical University of Athens
phone: +30.1.7721276, e-mail: igolias@central.ntua.gr

Abstract
Road accident analysis at national and international level is limited today by a number of
problems inherent to the availability, the reliability, the comparability and the disaggregation
level of exposure data. When adequate data are not available, then the use of alternative types
of road accident analysis may produce reliable and useful results. This work identifies the
basic insufficiencies inherent usually to the traffic data available at national and international
level and the implications of this fact on accident analysis results. The use of absolute
numbers and trends of values as well as of severity indices is generally free of the basic
insufficiencies of exposure data but without useful information on accident rates. The use of
induced exposure method and of accident type related percentages can provide useful
information eliminating partially the need for exposure data. However, these methods which
may answer a number of questions concerning road safety at international level should always
be used with great care as interpretation of results may sometimes be a difficult exercise.

Key-words: road safety, road accident, accident risk exposure, accident analysis, traffic data

1. Introduction
Recent developments in Europe (integration of the European Community internal market,
opening of the Eastern European markets) gave a new dimension in traffic and related road
accidents in Europe. The increase of international traffic made the international dimension of
road accidents a very important parameter of the problem. But road accident analysis at
European level can not show today, results comparable to those of accident analysis at
national level1. A number of difficulties, such as the unavailability and the incomparability of
exposure data, limits significantly accident analysis results at European level2.
The objective of this paper is to propose a typology of alternative accident analysis methods in
order to deal with existing insufficiencies of exposure data. This theoretical approach is based
on experience from road accident analysis carried out at national and European level using
existing aggregate and disaggregate data on exposure (traffic) and related accidents.
Particular emphasis is given to the international dimension of the problem as well as to the
analysis of disaggregate data.

2. About Insufficiencies of Exposure Data
Road accident analysis at international level is very often limited not only by the
incomparability of the national accident data but also by a number of insufficiencies of the
respective exposure data. These insufficiencies refer to poor availability and reliability, to
comparability problems and to insufficient or inappropriate disaggregation.

2.1. Poor Availability and Reliability of Traffic Data
Road accident rates can better describe the road accident phenomenon than absolute numbers
because they take into consideration the actual traffic patterns (exposure). Their use implies
the combination of accident data with respective traffic data which are not always available;
even if they are available very often they are not reliable. Traffic data are usually estimates
based on surveys and on a number of assumptions. Furthermore, they are not always available
for all types of traffic; and even if they are, their precision is not the same for all types of
traffic. In most cases, the use of new methods demonstrate the insufficiency of the previously
used and traffic data concerning previous periods are rectified (backward extrapolation) in the
light of the new methods3.
For example, traffic on motorways is well defined in most of the countries as there exist wellestablished count systems (tolls, permanent counters on the road, etc.). The situation becomes
less bright as the type of network is less important due to the fact that adequate counts are
lacking at regional and local level for obvious reasons.

2.2. Incomparability of Traffic Data
The use of traffic data in road accident analysis presents serious difficulties at international
level due to the existing incomparability of traffic data in the various countries4. Several
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different traffic estimation methodologies (sample counts, surveys, use of fuel sales, etc.) are
used in the various countries, with important differences in the statistical methodology used
(calculation of the sample size, etc.) and the frequency of updates. This incomparability of
traffic data leads to analysis results, which are followed by large confidence intervals not
allowing for reliable and really useful comparisons.
For example, due to the above incomparability two countries with similar safety rate in the
national road network may present a safety rate difference of at least 1:10 in their regional
road network, which is too large to be attributed to different safety behaviour given that this
difference is negligible in all other road network types.
Even though the problem of incomparability of traffic data concerns mainly international road
accident analysis, it is also found sometimes at national level when different methodologies
are used for the estimation of traffic in the various types of road network, and for the various
vehicle types and road user characteristics (age, sex, etc.).

2.3. Inappropriate Disaggregation of Traffic Data
The level of disaggregation of traffic data defines also the level of detail of possible road
accident analysis at both national and international level. For example, it is impossible to
produce accident rates for the several vehicle types for which accident data exist if respective
traffic data exist only for very few vehicle types. Consequently, the rather general level of
disaggregation of traffic data observed in most of the countries limits significantly the level of
detail of accident rates used in road accident analysis. Additionally, for certain accident
characteristics such as the use of seat belt and helmet, drinking and driving and the respect of
speed limits, most often there is no respective traffic data available allowing for the extraction
of a number of useful accident rates, although sufficient information exist for these parameters
in relation to the observed accidents. It is noted, however, that for certain other characteristics
such as daylight-night and weather conditions, traffic data can be extracted from other sources
and be used for the formation of accident rates.
For example, it is very interesting to analyse accident rates of young persons driving cars or
motorcycles during the night inside urban areas, but this is impossible because there are
disaggregate traffic data available to be combined with the existing respective disaggregate
accident data. The rates, which can be produced in the best case, are aggregate ones dealing
separately with young drivers, with vehicle type, with the time of the day, and the type of area.
All the above problems of insufficient or inappropriate disaggregation of traffic data are more
acute when it comes to road accident analysis at international level, where detailed
comparable traffic data are scarcely available. As a consequence, today at European level,
only very few and general accident rates are used due to the fact that only limited, general and
hardly comparable traffic data exist for several countries.
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3. Accident Analysis Alternatives
On the basis of the above presented insufficiencies of exposure data, a number of road
accident analysis alternatives is considered. The shortcomings and advantages of each
alternative as well as its capability of overcoming some of the above problems without
significant loss of the value of the analysis results is investigated. The presentation of the
alternatives is accompanied by examples of road accident analysis demonstrating their use.
These examples use data from various national and international data sources.

3.1. Absolute Numbers
Analysis of aggregate or disaggregate absolute numbers of road accidents is the most basic
analysis concerning road accident data. The results can be very detailed (multi-dimension
Tables) and may refer to one or more countries. If common definition values exist, multicountry comparisons are possible; if not, only country-specific results can be derived5. These
absolute number statistics can be used for the general description of the road safety level
without taking into consideration the related traffic. In fact, they rather reflect the existing
traffic situation than the actual accident rates and their use in road accident analysis should be
considered with care. Even though, this kind of results are rather easy to produce at
international level (a lot of easily comparable data exist: age, sex, etc.), their use should be
limited.
For example, analysis showing that there is a higher number of road accidents on regional
network during summer Saturday nights, where young drivers are involved, leads to no valid
conclusion about corresponding accident rates, as this information reflects mainly the fact that
the driver population consists basically of young drivers, i.e. it is a product of the young driver
behaviour. Possibly, police can use this result for the intensification of law enforcement
(speed limit, drinking and driving) for the reduction of the number of accidents, but no valid
accident analysis conclusion can be derived for the relation among the road type, the seasonal
effect and the day of the week.
It is noted that for the improvement of comparability of accident absolute numbers at
international level, special transformation rules are sometimes used, by the application of
factors to the values of data with different definitions in order to produce common definition
data values. The transformation rules can be either simple or advanced6. Simple
transformation rules can be the union (value 1 OR value 2), the intersection (value 1 AND
value 2) or the exclusion (value 1 NOT value 2). Advanced transformation rules can be the
use of a coefficient (value 1 x coefficient) or of a specific algorithms [e.g. day of the week =
function(date of accident)]. Simple transformation rules can easily be applied even by the enduser, whereas the coefficients and algorithms of advanced transformation rules require an
important work effort through specialised studies. The use of transformation rules
presupposes the detailed knowledge of the definition of the data to be transformed.
In the following Table, an example of absolute numbers of accident data converted to a
common definition through the use of transformation rules is presented. The definition of a
person killed in a road accident in the EU countries is not uniform. For the conversion of the
existing data to data obeying to the common 30-days definition for a killed person,
transformation rules in the form of coefficients are applied for each country. These
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coefficients are the result of specific research comparing police and hospital data and are
subject to periodic changes7, 8. The use of these transformation rules allows the comparison of
the number of fatalities in the various EU countries.
Table 1. Number of persons killed in the EU countries (1991-2000)9
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000

B
1.873
1.671
1.660
1.692
1.449
1.356
1.364
1.500
1.397
1.475

DK
D
GR
E
F
606 11.300 2.112 8.836 10.483
577 10.631 2.158 7.818 9.900
559 9.949 2.159 6.378 9.867
546 9.814 2.253 5.615 9.019
582 9.454 2.411 5.751 8.891
514 8.758 2.058 5.483 8.541
489 8.549 2.199 5.604 8.444
499 7.792 2.226 5.957 8.918
514 7.772 2.131 5.738 8.487
527 7.487 2.072 5.510 8.036

IRL
445
415
431
404
437
453
472
458
417
415

I
8.083
8.014
7.163
7.091
7.020
6.676
6.712
6.837
7.150
6.923

L
80
73
76
74
68
72
60
57
58
67

NL
1.281
1.253
1.235
1.298
1.334
1.180
1.163
1.066
1.090
1.135

A
1.551
1.403
1.283
1.338
1.210
1.027
1.105
963
1.079
1.016

P
3.218
3.084
2.700
2.504
2.711
2.730
2.521
2.425
2.231
2.201

FIN
632
601
484
480
441
404
438
400
431
385

S
745
759
632
589
572
537
541
531
580
573

UK
4.753
4.379
3.957
3.807
3.765
3.740
3.743
3.581
3.564
3.451

EU 15
55.998
52.736
48.533
46.524
46.096
43.529
43.404
43.210
42.639
41.274

Some figures for 1999 and 2000 are estimations based on the EC Road Safety Quick Indicator
Killed: 30-day period except: GR ( 1 day up to 1995) +18%, E (24 hours) +30%, F (6 days) +9% up to 1993 and +5,7% 1994 onwards,
I (7 days) +7,8%, A (24 hours) +12% up to 1991, P (24 hours) +30% up to 1998

It is obvious, that analysis of road accident absolute numbers can only give a general
description of the road accident phenomenon.
3.2. Trends
Trends of road accident data in any form (absolute numbers, percentages etc.) and at any
disaggregation level can be used in order to show the variation over time of the various
accident characteristics. Obviously, trends do not provide sufficient information about the
accident risk exposure but they provide very interesting information about the development of
the road safety level and its parameters. This information is very interesting in the process of
road safety policy planning and evaluation.
Figure 1. Number of persons killed in road accidents in the 15 EU countries
by age group (1991-1997)9
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In Figure 1, trends in the number of persons killed in road accidents in the 15 EU countries by
age group (in absolute numbers) are presented. By use of these data it is impossible to derive
which age group is more dangerous as there aren’t any exposure data for each age group. Only
conclusions of general character can be extracted from the chart. For example, there is a trend
of reduction in the number and the percentage of persons killed of age group 15-24 (28% in
1991 to 24% in 1997) whereas there is a limited increase of the number and the percentage of
persons killed of age group 25-64. This information could be useful for the identification of
target groups of road safety campaigns (44% of the total persons killed belong to age group
15-34).
3.3. Severity Indices
The use of severity indices can provide interesting results on both aggregate and disaggregate
level without any need for traffic data. These indices provide information about the accident
severity by the use of ratios in which the traffic data are not necessary anymore as they are
contained both in the nominator and the denominator of the ratio (number of killed persons
per injury accidents or per fatal accidents, number of injured per injury accidents, etc.).
Incomparability among the national definitions for persons injured (seriously, slightly) and
related accidents involving injury limits significantly the possibilities for international
comparisons. The only European-wide comparable severity index which can be used today, is
the number of persons killed (30-days definition) per fatal accidents. In the future, possible
use of an harmonised definition like e.g. “24-hour hospitalised injured person”, could lead to
the use of more comparable severity indices. Of course, indices using the number of injured
persons or injury accidents can be used, without any particular problem, in disaggregate road
accident analysis at national level.
Table 2 presents accident severity indices expressed as the ratio of number of persons killed
per 100 persons injured. Such analyses do not require exposure data as the related exposure is
the same in both the nominator (persons killed) and the denominator (persons injured) of the
ratio10. It is interesting to observe in Table 2 that accidents with pedestrian involvement are
very serious in the national and the departmental road network (26 and 16 persons killed
respectively per 100 persons injured) whereas the most severe accidents in the
municipal/communal network correspond to cases that the vehicle comes off the road (11
persons killed per 100 persons injured). Accidents involving collision of vehicles at angle are
the less severe in all types of networks.
Table 2. Ratio of persons killed per 100 persons injured in road accidents in Greece (1985-99)
Accident type
Head-on collision

National road Dept road Municipal road
15

6

Total

3

8

Lateral colission

8

4

1

3

Collission at angle

5

4

1

2

Rear end collission

5

5

2

3

Collission with parked car/fixed object

14

10

7

9

Pedestrian involvement

26

16

6

9

Came off the road

9

9

11

9

Total

10

7

3

6
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It is obvious that extraction of interesting results for accident severity by the use of
appropriate ratios do not need exposure data. This kind of analysis can be produced for any
type of road accident data.

3.4. Induced Exposure
The induced exposure method is based on the assumption that in every road accident in which
two vehicles are involved there is one driver responsible for the accident and one innocent
driver involved randomly from the total population of drivers. Consequently, the innocent
driver can be considered as a sample of the total population of the drivers and reflects the
exposure of any specific driver population defined on the basis of certain characteristics11.
The basic requirement for the use of this method is the identification of the driver who
provoked the accident. Accidents in which more than one drivers are responsible should not
be taken into consideration. Accident indices are the ratio of the “guilty” drivers percentage
with a certain characteristic (age, sex, vehicle or network type, etc.) divided by the percentage
of “innocent” drivers of the same characteristic group. The relative involvement ratio (RIR),
which is the ratio of the two relative accident indices, is representative of the tendency of the
driver groups to provoke an accident. Ratios higher than 1 show that the relative driver group
with the accident index as the nominator provokes more accidents than the other group. This
method has been tested in several occasions and its statistical validity has been verified12.
It is obvious that the use of the induced exposure method overcomes the need for traffic data.
But the most interesting feature of the induced exposure method is the fact that it allows for
disaggregate analysis to the level of disaggregation of the existing accident data. Thus, it
overcomes insufficiencies and inadequacies due to the disaggregation of traffic data, widening
substantially the possibilities for detailed road accident analysis at both national and
international level.
However, the use of the induced exposure method is limited by the fact that it concerns only
drivers and not all road users (passengers and pedestrians) and that it requires the knowledge
of the “guilty” and “innocent” drivers. Additionally, this method concerns mainly accidents in
which at least two vehicles were involved whereas its use in single-vehicle accidents should
be considered carefully.
Table 3 shows an example of how the induced exposure method is applied. If the distribution
of alcohol level of "guilty" drivers (driver A) is considered then it appears that 42% of the
drivers provoking accidents are under the influence of alcohol (> 0,5 g/lt). However, from the
distribution of alcohol level of "innocent" drivers (driver B) it appears that only 11% of the
drivers on the roads are under the influence of alcohol (> 0,5 g/lt). The relative accident
indices can be calculated, as the ratio of driver A percentage on the driver B percentage. For
the drivers under the influence of alcohol this ratio is 42%/11%=3,974 and for those not under
the influence of alcohol is 58%/89%=0,645. Consequently, the relative ratio of involvement
in an accident of drivers under or not under the influence of alcohol in comparison with that of
the sober drivers is 6.16 (=3,974/0,645).
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Table 3. Distribution of alcohol level of drivers involved in road accidents in Greece (1995)13

Driver A
Driver B
Relative Accident Index

< 0,5 g/lt
916
58%
1421
89%
0,645

> 0,5 g/lt
675
42%
170
11%
3,971

Total
1.591
1.591

It is very interesting to observe that it is possible to extract the very useful relative accident
involvement ratios without using any exposure data. The use of this method in road accident
analysis at international level can provide an appropriate solution for overcoming to a certain
degree the lack of exposure data.

3.5. Percentages Related to Accident Type
A wide number of meaningful and useful results can also be extracted by the use of specific
accident related percentages eliminating the need for exposure data. This elimination is based
on the fact that for a percentage referring to a certain factor in total (e.g. collision type) and for
a percentage referring to a certain sub-category of this factor (e.g. head-on collisions)
corresponding exposures are equal.
For example it would be possible - and very useful - to know whether rainy weather
conditions affect seriously the percentage distribution of accidents among accident collision
types, without the use of any corresponding traffic data. Such useful results can obviously be
obtained only by analysis on disaggregate level of specific accident data (collision type,
accident type, vehicle manoeuvre, person manoeuvre). The use of this method overcomes
satisfactorily in certain cases the need for traffic data at national and international level,
eliminating thus, problems related to the poor availability, reliability and comparability of
traffic data. However, this method does not provide information concerning actual accident
rates.
Table 4 presents percentages of fatal accidents in three European countries (NL, IRL, I) by
vehicle type and collision type. Lack of exposure data is not a problem for the extraction of
meaningful results by analysing this Table. It can be observed that the percentages are
significantly different for all vehicle types when examining a certain collision type (e.g.
single-vehicle or head-on) instead of the total number of fatal accidents (all collision types).
For example in Ireland cars participate in the 56% of the total number of accidents, but this
percentage increases to 65% in single - vehicle collisions and decreases to 50% in head - on
collisions. One could also observe that in the Netherlands the percentage of cars in head-on
collisions (62%) is greater that the average in all collision types (56%), whereas in Ireland and
in Italy the respective percentage of cars in head-on collisions (50% and 46% respectively) is
lower than the average in all collision types (56% and 54% respectively).
It should however be noted that no conclusion concerning the safety level can of course be
drawn from the direct comparison among the three countries for any collision type, as the
percentage of accidents per vehicle category is obviously influenced by the relative exposure.
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Table 4. Percentages of fatal accidents in three European countries by vehicle type and
collision type (1991-93)14.
All Collision Types
Single-Vehicle Accidents Head-On Collisions
Vehicle Type Netherlands Ireland Italy Netherlands Ireland Italy Netherlands Ireland Italy
Car
56% 56% 54%
73% 65% 66%
62% 50% 46%
Lorry
10% 21% 15%
5% 11% 8%
14% 30% 23%
Bus
2%
2% 1%
2%
0% 0%
2%
2% 3%
Two - Wheeled
12% 11% 19%
12% 19% 21%
12% 11% 21%
Bicycle
14%
6% 7%
3%
2% 2%
7%
4% 4%
Other
6%
4% 4%
5%
3% 3%
3%
3% 3%
Total
100% 100% 100%
100% 100% 100%
100% 100% 100%

For the analysis on the basis of Table 4 data, traffic data are not necessary if comparison of the
vehicle type distribution in the various collision types is only required. Additionally, the use
of these percentages allows for certain comparisons between countries independently of their
different exposure figures. It is noted that this possibility applies only for data related to
collision type, accident type, vehicle manoeuvre and person manoeuvre.

4. Conclusion
Accident rates are very useful parameters in road accident analysis. The production of such
rates depends directly on the availability, the reliability, and the disaggregation level of
exposure data. When adequate exposure data are not available, then the use of alternative
types of road accident analysis is the only way to produce reliable and useful analysis results.
This work identified the basic insufficiencies concerning exposure data at national and
international level and investigated a number of alternative ways to face some of the
corresponding difficulties. The significance of these alternatives is greater for analysis at
international level and analysis of disaggregate data, where exposure data insufficiencies are
commonly met.
The use of absolute numbers and trends of values may lead to conclusions on traffic safety,
which are in general of limited significance due to lack of exposure information. The use of
severity indices overcomes the need for exposure data but corresponding results are obviously
limited only to accident severity characteristics. The application of the induced exposure
method is certainly more useful as it allows the identification of relative risk exposure without
the use of data other than those concerning accidents. Finally, the use of percentages related
to certain accident parameters (e.g. accident type) gives useful information without using any
traffic data.
These methods can be used separately or in combination in order to overcome efficiently the
difficulties, which are inherent to the exposure data available at national and international
level. The current situation in road accident analysis at international level can thus be
improved. However, these methods should be used with great attention if all conditions for
their appropriate functioning are not fulfilled and the interpretation of their results should
always be considered carefully in an attempt to get the most from existing data.
Finally, it is worth mentioning that some of the above-described insufficiencies of
international exposure data could eliminated or limited - at least at European level - if some
-9-

actions of data harmonisation took place at this level15, 16. A basic action, and not necessarily
very difficult to implement, could be the adoption by all European countries of a common
road accident data collection form containing uniform basic information on the accident,
allowing for direct international comparisons. Furthermore, the adoption of common
methodologies for traffic estimations by all European countries could also be very useful for
the effective solution of comparability problems concerning exposure data. Possibly, the
execution of frequent Europe-wide traffic surveys using a unique methodology could also be a
positive approach for the availability of reliable and comparable traffic data at European level.
All these harmonisation actions could be implemented progressively; first the common
approach should be defined in detail, then each country could optionally implement it so that
common data collection methods are used in all European countries after some years.
References
1.
2.
3.
4.
5.
6.

7.
8.
9.
10.
11.
12.

13.

14.

15.
16.

ETSC, (2001), Transport accident and incident investigation in the European Union.
European Transport Safety Council, Brussels.
OECD, (1995), International road traffic and accident databases. OECD Seminar,
Helsinki.
IRTAD, (1992), Definitions and data availability. OECD/IRTAD special report, BASt,
Bergisch Gladbach, Germany.
TRB, (1993), Accident data quality: a synthesis of highway practice. Transportation
Research Board, NCHRP Synthesis 192, Washington DC.
YANNIS, G., GOLIAS, J., FRANTZESKAKIS, J., (1996), Report on national road
accident analyses in the EU countries. Journal of IATTS, Vol.20, No.2.
CETE SO, (1997), CAREPLUS: A proposal for improving the comparability of road
accidents within EU member states using the CARE database. CAREPLUS consortium,
Bordeaux.
DIRECCION GENERAL DE TRAFICO, (1997), Follow-up of traffic victims during the
30 days period after the accident. IRTAD- BASt, Bergish-Gladbach, Germany.
TRRL, (1997), Time interval between road accident and death 1985. Leaflet LF 1051,
Transport Research Laboratory, Crowthorne, United Kingdom.
EUROPEAN COMMISSION, (2000), CARE - Community Road Accident Data Base Summary Statistics. EC DG TREN E-3, Brussels.
GOLIAS, J., MATSOUKIS, E., YANNIS, G., (1997), An analysis of factors affecting
road safety: the Greek experience. ITE Journal.
HAIGHT, F., (1973), Induced exposure. Accident Analysis and Prevention, Vol.5.
HODGE, G. A., RICHARDSON, A. J., (1985), The role of accident exposure in transport
system safety evaluations II: Group exposure and induced exposure. Journal of Advance
Transportation, Vol.19:2.
GEORGIOPOULOS, S., (1997), Investigation of driver's risk in relation their blood
alcohol concentrations. Diploma thesis at the Department of Transportation Planning and
Engineering of the National Technical University of Athens, Athens.
NATIONAL TECHNICAL UNIVERSITY OF ATHENS / DTPE, (1996), Current and
future potential of a European road accident data base with dissaggregate data.
NTUA/DTPE, Athens.
YANNIS, G., GOLIAS, J., KANELLAIDIS, G., (1998), A comparative analysis of the
potential of international road accident data files. IAATS Research, Vol. 22 No. 2.
ETSC, (2001), EU transport accident, incident and casualty database: -current status and
future needs. European Transport Safety Council, Brussels.
- 10 -

MODELLING DRIVERS’ BEHAVIOUR ON TAPERED ON-RAMPS
Antonio D’Andrea, Luca Urbani, “La Sapienza” University Rome, +390644545116
antonio.dandrea@uniroma1.it, lucau@tiscalinet.it

1

Abstract

Understanding drivers’ behaviour is essential to design traffic infrastructures with high degree of
safety, capacity and comfort.
The lack of consideration of drivers’ behaviour, referring to a bad model, or even worse the blind use
of traffic signals that drivers will never respect, may lead to conditions of extreme unsafety such as
under/over rating the capacity of the infrastructure.
The study of users behaviour in a few tapered on-ramps in Italy pointed out how behaviour may be
misspredicted, and what consequences wrong evaluations may lead to: rough schematisations that do
not consider the interaction between the flows, or that regard interaction as a one way phenomenon
(drivers on the merging lane are influenced by drivers on the main lane), are not acceptable.
When considering the merging manoeuvre on the whole, four different models have been created or
adapted from the classical one.
1. car following model
2. lane changing
3. behaviour on section just before the merging lane
4. behaviour on tapered section.
These four models have been integrated in a micro simulation program written in Visual Basic. Such
program seems to describe very well the observed behaviour, and may be used to predict
infrastructures functioning and get design prescription.
Simulations give indication in term of capacity, delay and comfort taking into account as variables the
typology of the merging lane (tapered – parallel), geometry of the main street / on ramp (number of
lanes, visibility, length of the merging lane etc.) flow rates, speeds, users typology distribution
(aggressive, prudent etc.). Results shows great differences and give interesting suggestions to be used
at design level.

2 Introduction
2.1
Drivers’ Behaviour Fundamentals
Driving is based on interaction, interaction with the infrastructure and with other users, drivers need
to evaluate constantly many variables, according to which they modify their behaviour. Needed
information flows from the subsystem “environment” to the subsystem “driver”. This process is
influenced by many factors, some of them, such as weather conditions, lighting and geometry belong
to the environment, some other such as health, tiredness and experience, belong to the driver. Drivers’
experience may influence the perception process in some non obvious way, drivers tend to discard
every piece of information they have learned is not relevant, so during their driving life, they reduce
the number of signals coming from the environment, processed to adjust behaviour, and replace them
with information coming from experienced situations.

2.2

Drivers’ Behaviour Models and Road Safety

The understanding and then the taking into account of this decisional process is essential to design
traffic infrastructures with high degree of safety, capacity and comfort. Road infrastructures
characteristics often don't allow a completely safe and smooth driving, there might be economical and
environmental reason, but the problem can also be due to a wrong design. The final solution is
correcting the “faulty” infrastructures (sharp bend, lack of visibility, under dimensioned
infrastructures and so on). These interventions are often delayed for years, and users end up regarding
these elements, not as exceptional or temporary, but as ordinary and permanent. On these wrongly
designed road sections the probability of accidents is obviously higher. As a direct consequence to

one of these events, road administrators tend to rule the critical sections in a very restrictive way,
often only using traffic signs. However an accident is an unlikely event in drivers’ experience,
therefore users tend to follow the behavioural patterns suggested by experience, considering them as
the more logical and functional, even when they are more dangerous, if abstractly considered. This is
commonly seen, for instance, on streets where speed limits are not respected by the majority of the
drivers. In these contexts, traffic signs, if respected only by a very few users, may generate
inhomogeneous behaviours, “unusual” situations that may lead to situations sometimes even more
dangerous than the unruled ones. Eventually drivers tend to stop the flow of safety related information
coming from outside, and become unable to react in unpredictable, or even slightly “unusual”
situations. According to this, it becomes very important to predict the “usual” behavioural patterns.
The correct use of every road infrastructures should be clearly defined for all the users and shouldn’t
be in contrast with the dominant way of use. The study of users behaviour on tapered on-ramps in
Italy pointed out how this behaviour may be misspredicted, and some of the consequences that this
misspredictions may lead to. In particular has been observed that signs not consistent with the
dominant behavioural pattern cause the intersection to have less than optimal performance in terms of
both capacity and safety.

2.3

Case studies selection

Cases have been searched according to geometrical and traffic characteristics: urban and suburban
freeways on ramps with a relative short tapered merging line (50 - 100 m) and rather high traffic
flows. Taking into account the possible influence of a “geographical factor”, locations have been
selected in two different Italian regions. We were looking for a location which gave us the possibility
to understand the functioning of a on ramps/merging lane complex, effectively observing drivers
behaviour and eventually videotaping it. Finding suitable locations turned out to be one of the most
difficult task of the project, and a lot of time was spent looking for sites with the required
characteristics. Eventually five locations have been chosen: two on the “Tangenziale Est” in Rome,
one on the “via Appia” in Rome’s outskirts, and two (one of which in a tunnel) on the “SS n.36 del
lago di Como e dello Spluga”, near Lecco in northern Italy. The aim was to cover different types of on
ramps, all characterised by tapered and shorter-than-normal merging lane.

3

Literature review

The process of merging from “on-ramps” has been studied since the forties, and many researches had
been carried on in order to define users' behaviour during the merging manoeuvre. The majority of
these works are focused on the study of the “critical gap” or of the “gap acceptance”. These studies
try to find out whether a given gap in the main flow will be accepted or refused by a given driver, in
order to determine the merging line length needed to merge without the necessity of slowing down or
stopping. The early studies are based on very rough simplification, in their model there's a fixed Tc,
every smaller lag is considered as refused, while the bigger lags are considered as accepted, traffic
condition, relative or absolute speed or attitude of the driver are not taken into account. Studies of the
sixties (e.g. Weiss 1961, Solberg and Oppelander 1960, Drew et al.) define Tc as a monotonic non
decrescent function of time. During the seventies and the eighties researchers try to go deeper in the
study of factors influencing drivers behaviour. They consider relative speed between vehicles of main
and merging flows, the higher the relative speed the lower the number of accepted lags (e.g. Drew
1971, Giannini and Marchionna 1985); the geometry of the merging lane : length, parallel or tapered
(Drew 1971) ; impatience (the result of time spent queuing or waiting at a stopping line), a factor that
moves users to accept smaller intervals, (e.g. Adebisi and Sama 1989, Madanat, Cassidy and Wang
1989). All these, and many other studies, carried on this topic consider drivers of the main flow
unaffected by the presence of a merging flow, they all assume a “one way influence” from drivers of
the main flow to drivers of the merging flow. In 1999 Kita propose a model which incorporate a giveway behaviour, assuming that in certain situation users of the main flow “give-way” to users of the
merging lane.

4
4.1

Survey
Direct Observations

Observation “on field” at five sites, points out that, in most cases, is very difficult to observe a refused
gap (especially in Rome), and that is true, with some differences, regardless of merging lane length,
traffic condition, relative speed and all the other factors commonly assumed as relevant in “gap
acceptance” or “critical gap” theories. According to the commonly accepted “look for a gap” scheme,
drivers should drive on the merging lane waiting for a suitable gap to merge, and, if no large enough
gap is available during their run, slow down to stop before the end of the taper or parallel lane. With
short merging lane and rather high flows, the probability of finding a sufficient gap should be lower
than ever and increase the probability of having to stop at the end of the merging lane. Nevertheless
on field observation shown that during several hours many thousands of cars passed, but only a few
stopped; give-ways and stops signs seemed to be completely ignored, on the other side traffic seemed
to flow very smoothly even with high flow rates. Therefore the task was to underline the real
“behavioural schemes” of the drivers, the parameters which influence their choices, and how they
relate each other.
In the Rome’s cases drivers coming from the ramp approach the tapered lane (ruled with stop or giveway signs) at rather constant speed, trying to merge the main flow without slowing down, and they
usually succeed. The Lecco’s cases are rather different, one of the two is located in a tunnel,
characterised by a very short merging lane and there's a complete absence of visibility between the
two flows before the beginning of the merging zone. In this case drivers tend to respect give-way, and
it’s very common to see refused gaps, and stopped cars waiting for long time. The other Lecco’s case
is characterised by a very short tapered lane and good visibility between the flows before the
beginning of the merging zone. In this case drivers use to behave in different ways: some of them
slow down or stop looking for a suitable gap, giving way, some others prefer a direct manoeuvre and
try to force the gaps just like in Rome. It’s very interesting to remark that during the observation time,
the ramp passed continuously from congested to uncongested situations and vice versa. This
phenomenon is due to the loss of infrastructure’s capacity because of users slowing down or stopping
to give-way, and forcing subsequent drivers to do the same. The more they slow down, the more
difficult is to merge without stopping, the less is the capacity of the infrastructure.
What comes out of this phase is the importance of interaction between drivers, and most of all, how
this interaction works. Drivers on main and merging lanes influence each other, sharing the space, in a
way that can be competitive or cooperative. The selected cases show how drivers on the main lane
react to the presence of users on the merging lane: moving on the left (if it’s possible), slowing down
or, according to their attitude, accelerating and trying to overtake, sometimes it seems as if “they are
looking for a suitable gap in the merging lane”; eventually the main behaviour appears to be the
contrary of what suggested by traffic sign and considered at design time. The actual functioning of the
intersection allow users to pass smoothly the “influenced” zone, without needing great
acceleration/deceleration. Observations show also that this “illegal” behaviour allow the intersection
to work with higher capacity than expected, without affecting comfort and safety of driving. No
particular safety problems were recorded when drivers merged using the “direct manoeuvre”, on the
contrary problems were encountered, and a bump was recorded in “via Appia”, when users behaved in
a non predictable way, such as a driver who stops at a generally not respected stop sign.

4.2

Measurements

Traffic flows observed in the case studies have been characterized by quantitative measurements. The
results will be used as reference value during the simulations. Measures has been done using recorded
video sequences and a pc, the developing of a program written in Visual Basic, permitted to grab
information from thousand of car passages fast and with acceptable accuracy. The program returns
information on the instant of the passage and speed, then it is possible to calculate flows, density and
gaps.

Right Lane

Left Lane

On-Ramp

Average Flow (veic./h)
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4.5
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Figure 1, Numerical Data of Rome’s Tangenziale Est Case Study, and the main screen of the flow analysis program

Measurements show results consistent with what is commonly reported in literature for speed and gap
distributions; normal, exponential or Erlang expression have been used to effectively approximate the
measured data. Figure 1 reports the graphical layout of one of the Rome’s cases.
One of the most interesting things highlighted by the measurements is that the flow on the main road
is distributed between the left and right lanes with an approximately 2:1 ratio, and that this is
especially true in urban highway. One of the reasons may be that because of the high frequency of
ramps in the selected roads, drivers tend to migrate on the left lane to avoid conflicts with the onramp’s vehicles.

Figure 2, Graphical results of Rome’s Tangenziale Est measurements

5

Modelling

Classical behavioural models, based on users of the merging lane influenced by drivers on the main
one, don’t appear to be consistent with the majority of the observations. In the same way traffic signs
used by road administrators are not consistent with what commonly feel by the majority of the users
and, as consequence, ignored with bad effect on traffic safety. A new and more general model is then
necessary to achieve results which allow the design of infrastructures and traffic signs safer and
consistent with the observed drivers’ behaviour. The combination of four model turned out to be, after

some attempts, the best way to get general results. Some of the models have been adapted from the
classical one, some other are completely new. The four models involved are: car following, lane
changing, behaviour on section just before the merging lane, behaviour on tapered section. All the
models have parameters that take into account different drivers categories.

5.1

Car Following Model

The used model is based on the classical relation Response=Sensibility x Stimulus, where the
response is the change of speed (acceleration) and the stimulus is the speed differences between the
considered vehicle and the leading vehicle, used expression is:

dv(t + T )
= λ (v(t ) n − v(t ) n+1 )
dt

where T is the reaction time and λ is the sensibility, which has been considered dependant on
distances:

λ=

k
x n − x n +1

k is a constant, xn-xn+1 is the distance between the considered vehicle (n) and the leading one (n+1).
Since it’s commonly assumed that drivers are not able to easily estimate acceleration of the leading
vehicle, car following models normally doesn’t take into account this parameter, nevertheless a rough
evaluation of acceleration is often needed to adjust speed correctly, especially in difficult situations
such as stops caused by accidents or traffic jams. Drivers can read this information from the stop
lights of the leading car. Proposed model consider the influence of stop lights trough the sensibility λ:
for: an+1<dbr becomes: λ=λbr
where dbr is the limit between deceleration and braking and λbr is a fixed value for the sensibility,
independent from the distance.
Car following model has been expanded to take into account interaction between drivers in different
lanes. In a two or more lanes per direction road if, as in Italy, overtaking from the right is forbidden,
drivers are not only influenced by the leading vehicle, but also by vehicles nearer than the leading in
the left lanes (ref. fig. 3). Resulting acceleration is the smaller of the accelerations calculated on all
the influencing cars. (i.e. if amn is the acceleration of vehicle m influenced by vehicle n, referring to
figure 3 acceleration of vehicle 1 will be the minimum of a12, a13, a14).

2
1

3

5
4

Figure 3, Influences between drivers in different lane: drivers 1 is influenced by his leading vehicle (4) and by car 2 and 3 in
the left lane, eventually vehicles on the left lane project shadows (“ghost cars”) on the right lane.

To describe correctly the evolution of the system trough different conditions, two critical distances
have to be defined, the distance beyond which vehicles are not conditioned Dfr, and the distance under
which vehicles slow down independently from speed differences Dmin (if the normally calculated
acceleration ends up to be higher).

Figure 4, Critical distances and model applied

Dfr and Dmin has been considered as the fractions αfr and αmin of the stopping distance, with αfr > αmin
both dependant on the type of user.

5.2

Lane Changing Model

Users on the main road may react to the presence of merging drivers moving on the left (if they can)
therefore lane changing model is very important to effectively describe the merging process. The
proposed model is based on two levels: the level of possibility and the level of will (or worthwhile).
On the first level the aim is to investigate if, according to relative positions and speed differentials
with the surrounding cars, there is enough space for a safe lane changing manoeuvre. The proposed
model is based on two expressions, (for the distance ahead and behind) in which are compared needed
distance after the lane changing and the forecast based on the initial speed differential, to verify if the
manoeuvre is possible. The two proposed expression are:

Dlet − llet − cmin Dmin (v) > (v − vlet ) ⋅ Tm
Dlad − l − cmin Dmin (v) > (vlat − v) ⋅ Tm
where cmin is a factor depending on the user category, Tm is the time required to complete the
manoeuvre, which depend on transversal speed and lane width, l is car’s length, and Dmin has the same
meaning as described in 5.1.
On the second level is evaluated the worthwhile of changing lane taking into account many
parameters such as current speed, free speed (desired unconditioned speed), speed and distance of the
leading vehicle and speed and distance of the preceding and following vehicle on the target lane.
Parameters are combined in two functions: one for the lane changing to the left (overtaking), one for
the lane changing to the right (returning).
Fl=Fs(v, vf, x, vc, xc)>Cl
Fr=Fr(v, vf, x, vc, xc)>Cr
Where v and x are the actual speed and position, vf is the free speed, and vc and xc are speeds and
positions of the conditioning vehicles. Results of the functions are compared with two threshold
values under which the lane changing it is not worthwhile.

Figure 5, Influencing car as considered in the lane changing model.

Complete expressions of the two functions are1:

Fl = L1

V fr − Vle
D

2

le

− L2

V fr − Vlet
2
let

D

Fr = R1 (Vlet − Vl ) ⋅ Dlet + R2

− L3

Vla − V
Dla

Vlat − V
D 2lat
+ R3

1
2
Dla

Where “D” are distances and Li and Ri depend on users’ attitude. The proposed functions are based on
the assumption that every driver tend to maintain his free speed and, according to his attitude, to
minimize conflicts with other users.

1

Indexes conventions is the following: “le” is the leading vehicle, “la” is the lag vehicle (the following), where a “t” appears
it means “target lane”, so “lat” refers to the lag vehicle in the target lane.
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No lane changing
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Figure 6, Lane changing model flow diagram.

5.3

Behaviour on section just before the merging lane (pre-merging zone)

Before the beginning of merging zone a section characterized by visibility between flows may exist;
the presence and the length of this section may influence the performance level of the infrastructure.
Carriageway are still separated thence no merging manoeuvre is possible., nevertheless drivers may
interact trying to gain the best position, according to their attitude, in the merging zone. Users, riding
on the pre-merging zone can identify the presence of a “challenger” forecasting the lag distance at the
beginning of the merging zone. According to the forecasted lag drivers may decide to try to surpass
the challenger, to slow down to avoid conflict, or to do nothing (ignore the challenger or no
challenger). Resulting behaviour is based on current lag, current speed differential, acceleration
reserve, and driver attitude (level of aggressiveness) .

No visibility between flows

Visibility between flows
(pre-merging zone)

Figure 7, Interaction levels between flows

Merging zone

This decisional process is divided in three steps:
1) Forecasting of lag (or lead) distance at the beginning of the merging zone assuming both vehicles
riding at constant speed. L is the distance from the merging zone, vc is the speed of the challenger.

Lag = Lag 0 − L ⋅ (1 −

vc
)
v

2) Evaluation of acceleration reserve and of the consequent gain (compared to the constant speed
manoeuvre), then evaluation of the convenience of the surpass attempt, it should be A<Lag<B,
where A is a constant depending on driver characteristics and B is:

B=

1
2
(−v0 + v0 + 2a L) 2 + Dmin
2a

where a, is the maximum acceleration of the complex vehicle driver (depending on driver attitude
and v-vmax, difference).
3) According to the result of step two:
a) If the overtaking is possible, the driver accelerates. Actual acceleration is based on the
reckoning of a new free speed, based on the design speed (or the speed limit) on the main
road (which may be higher than the on-ramp one). Taking into account the difference between
free and maximum speed and a factor depending on drivers characteristics, the proposed
expression is:

vt = (vmax − v fr ) ⋅ k + v fr
where vt is the target speed during the overtaking manoeuvre, vfr is the reckoned free speed.
b) If overtaking the challenger is estimated as not possible, it is necessary to evaluate possible
conflicts, these may happen if lag is forecasted as near to zero, the proposed model consider
as critical lags that satisfy the condition: |Lag |
< Dmin .

Find a challenger

False

Ignore the challenger
True

Lag<A

True

Overtaking is possible
Lag<B

False

False

Interfering is possible
|Lag|<D
min

True

Overtake

Slow down

Ignore
Stop

Figure 8, Behavioural scheme on sections just before the merging zone

5.4

Behaviour on tapered section (merging zone)

The merging zone is ruled according to a First In First Out model with exceptions admitted. The aim
is to treat both flows exactly the same, the concept of on-ramp vehicle merging in the main road flow

is replaced with the idea of vehicles of both flow merging together. Influence works in similar way as
explained in the car following model, the difference is that in this case shadows are projected in both
direction, not only from left to right, interaction is therefore fully bidirectional (ref. fig. 9). In the
proposed model, drivers on the merging zone adjust their speed according to the influencing vehicle,
which could be a “real” vehicle leading in the same lane, or shadows projected from left or right.
Then the actual acceleration (the actual influencing vehicle) is calculated in the same way as
explained in the car following model.

Figure 9, Influence pattern in the merging zone, light shapes are “ghost” vehicles projected by the real ones.

6 Simulation
A micro-simulation program (OOTiS, Object Oriented Traffic Simulator) developed in Visual Basic,
has been developed to validate the on-ramps cooperative/competitive model. The program is able to
run dynamic applications of flows interaction models, in current section as well as intersection points.
The developed program is able to return numerical and visual information, on different geometrical
and flows configurations, which may be used to predict infrastructures’ functioning or get design
prescription.

6.1

Application of OOTiS program to on-ramps

All the proposed sub-models of the cooperative/competitive model as well as a gap acceptance model
are integrated in the OOTiS program, which is able to describe the functioning of the complex “onramp - merging lane - main lane”, highlighting the importance of interactions between users.

Figure 10, Screenshots of the traffic simulation program.

The system to be simulated can be customized operating on many parameters, which affect the
geometry of the infrastructures as well as flows and users characteristics. Users are divided in three
categories according to their attitude (normal, cautious and aggressive), plus an extra category for
lorries (which have special features such as an exceptional low acceleration capacity). Many
behavioural model parameters, such as the distribution on the free and max speeds, depend on the
category of the users. Flow can be generated independently for each lane and may be adjusted by
changing the flow rates and the percentages of drivers belonging to the different categories. Different
road characteristics (which may change section by section) can be represented by the setting of the

design speeds as well as the number and width of lanes. Tapered on ramps may change length and
width of the on-ramp itself, such as in the “pre-merging zone”2 and merging zone, all the other
parameters above described may also be used. The program is especially designed to represent tapered
on-ramp functioning with the proposed behavioural models, however a simple gap acceptance model
is included to describe the functioning of parallel merging lane and so allowing the comparison of the
results. The models and the program have been calibrated using the data collected during the
measurements phase, then a number of tests have been done to verify the proposed behavioural model
and most of all the sensibility to parameters’ changing.

6.2

Comparison between simulated and measured behaviours

The models and the program have been set up trying to reproduce the observed scenarios within the
simulation program. Simulation scenarios have been set up with the geometrical and flows
characteristics of the selected case
studies, afterward model’s parameters
have been calibrated using the traffic
characteristics observed on filed. The
number of lorries in the different lanes
have been grabbed from the recorded
video, the number of users belonging to
the other three categories (normal,
aggressive, cautious) have been
deducted using the speed distributions
of the different monitored lanes.
Models shows sensitivity to many
parameters, such as sensibility,
distances of influence, lane changing
parameters,
these
parameters,
belonging to drivers’ behaviour, may
vary between regions and require
specific studies. Program and model’s
great
flexibility
allow
further
improvement and easy adaptations to
different situations. Comparison of
data generated by the program using
different models and data measured on
field shows how the new model is by
far more accurate than the classical
ones in describing the functioning of
the observed intersections.
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Figure 12, Speed/Density Charts, comparisons between different models and measured data

7 Conclusions
A new model of driver behaviour on short tapered on-ramps has been developed to effectively
describe users’ behaviour on short tapered on-ramps. The inconsistence of classic assumptions with
users’ actual behaviour, and the consequent potential loss of safety and performance have been
underlined by observations in five different Italian very short tapered on-ramps. Therefore the authors

thought about a radical replacing of the traditional “look for a gap” models with a new
cooperative/competitive behavioural model. The developed model seems to make sense and to be
suitable for effectively explaining the observed behaviour. It’s now under verification the possibility
of using the cooperative/competitive model not only for short on-ramps but also in other situations
such as “long” well dimensioned tapered or parallel on-ramps. If a general model turn out to be
impossible to be calibrated the boundary between the new model and the classical gap
acceptance/give-way application context will be fixed. To validate the proposed model, a simulation
program, able to run dynamic application of different on-ramp behavioural models, has been set up.
The program great flexibility and performance gives the possibility to study the efficiency in terms of
capacity/delay and safety/comfort, of both new and existing infrastructures. Different geometrical
configurations, flow rates and flow compositions may be easily tested with either graphical or
numerical output. The application of the simulation program to selected Italian scenarios showed up a
really good consistency of the cooperative/competitive model with the observed behaviour and the
measured data. The use of the new model and the Ootis traffic simulation program, may lead to a
radical change in short tapered on-ramps traditional design. New road rules, traffic sign and design
prescriptions may be developed to realize intersections safer and with higher capacity.
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DRIVER BEHAVIOR MODELS AND MONITORING OF RISK : DAMASIO AND
THE ROLE OF EMOTIONS
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ABSTRACT
A Strategic Institute Program (SIP) on ‘Driver Behaviour Models’ is currently running at the Institute of
Transport Economics (TØI) 1. The program was established in 1998 and will end in 2002. Main reasons
for establishing the program has been a lack of satisfactory driver behaviour models in traffic safety
research, disagreement on the theoretical bases for understanding driver behaviour, and the fact that
driver behaviour models, to a large extent, lack factors concerning information processing and decisionmaking. A better theoretical base is also strongly needed because of the phenomenon often referred to as
risk compensation, i.e. the observation that some traffic safety measures, aimed at reducing the number
of traffic accidents, show small or no effect, or even contra-intuitive and adverse effects. In spite of a lot
of efforts, no satisfactory understanding of this phenomenon have not, in my view, been reached.
Several driver behaviour models have been launched during the years, the oldest one dating back to
1938 (Gibson and Crooks). Other models that have been widely discussed during the 2-3 last decades
are, among others, Näätänen and Summala’s ‘Zero-risk model’ (1974), Wilde’s ‘Risk Homeostasis
Theory (1982), Fuller’s theory of ‘Threat-Avoidance’ (1986). No agreement has, however, been
achieved concerning driver behaviour models and their ability to predict driver behaviour. Different
models are heavily debated and key issues like the perception and monitoring of risk, and the
mechanisms involved in information processing and decision making, are still under discussion.
One key issue that in my view have been neglected for decades, is the role of the emotions. The
observations made by Taylor (1964), concerning the constancy of the autonomic galvanic skin response
(GSR) across a variety of roads and conditions, were integrated in Näätänen and Summala’s ‘zero-risk
theory proposing that ‘ …. driving is a self-paced task governed by the level of emotional tension or
anxiety which the drivers wishes to tolerate’ (Taylor 1964, Näätänen and Summala (1974).
In the present paper, it is argued that more recent achievements in neurobiology can be applied to
support the views propagated by Taylor and Näätänen and Summala. In his book, Descartes’ Error:
Emotion, Reason and the Human Brain Damasio argues that a separation between neocortex, the
structure believed to be responsible for conscious, rational thinking, reasoning, and decision-making,
and the old structure of the brain, the limbic system, thought to be responsible for emotions and
biological regulation of the body, is to crude and not in accordance with empirical observations.
Damasio distinguishes between emotions, defined as bodily responses and changes caused by external
stimuli, and feelings, defined as the conscious experiences of these bodily changes and argues that the
emotions, and feelings, are the very instruments that make an organism capable of evaluating scenarios
and making decisions in any given situation.
The present paper discusses the model put forward by Damasio and its implications for understanding
risk monitoring, processing of information and decision-making.
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Background
The research field of traffic safety still lacks satisfactory driver behaviour models
concerning the understanding and prediction of driver behaviour. Disagreement and
controversies on the theoretical bases of driver behaviour prevail. Especially, a better
theoretical base is strongly needed in order to explain and predict risk compensation, i.e.
the observation that some traffic safety measures exhibit smaller effects than expected, or
even contra-intuitive and adverse effects. In spite of a lot of efforts, no satisfactory
understanding of this phenomenon have, in my view, been reached. Key issues like
perception and monitoring of risk, and the mechanisms involved in information processing
and decision making, are still under discussion.

Problem statements
One key issue that in my view have been neglected for decades, is the role of the
emotions. Emotions have sometimes been referred to as “biological emergency reactions”,
- in textbooks one will find definitions of emotions like “A complex condition that arises
in response to certain affectively toned experiences ” or defined through affective
experience as “An emotional experience, whether pleasant or unpleasant, mild or intense”
(Atkinson et al 2000). However, such definitions do not contribute much to an
understanding of emotions and their role. I will start the discussion of emotions by stating
three main problem statements that in my view address the problem of why prevailing
driver behaviour models cannot be considered as satisfactory:
•

Are emotions and their functional role well understood as specific entities in driver
behaviour models ?

•

Are emotions adequately addressed and integrated in prevailing driver behaviour
models?

•

Do emotions play a significant role in risk monitoring, information processing and
decision making?

The initial answers to these three problem statements are no, no and yes. Hence, there is a
contradiction here: Emotions do play a significant role in risk monitoring, but they are not
adequately addressed and understood in driver behaviour models. This is also, in my
opinion, the core of the problem of why a consensus on driver behaviour models and a
satisfactory understanding of risk compensation still have not been reached. As will seen
in the discussions to follow, the paper is primarily dealing with the unconscious or
preconscious aspects of driver behaviour.
Deciding the size of headways: An example
Following another car in a queue is an everyday activity that we perform without much
difficulty. But it is worthwhile to consider and reflect on how car-following is performed.
How do we decide the size of headways when following a car in a queue? Do we use
time? Do we calculate the distance to the car in front of us in any way? Is it a conscious
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decision-making, is it unconscious/automatic, or both? I am aware that some drivers may
use rules in their decision-making, as several rules have been proposed: In Norway by
counting the number of seconds in the following way by saying “1001-1002-1003” - , or,
as in Portugal, by applying and counting the number of “ ∧ “ ‘s painted as road markings
in the driving lane. Using rules of these kinds, or other “private rules” that drivers may
have adopted or elaborated themselves, imply the use of conscious processes. My
hypothesis, however, is that drivers using any kind of private, conscious rules constitutes a
minority. I propose that the majority of drivers decide the size of their headways by other
means. What means, then?
Consider an example based on the Gibson and Crooks “Theoretical filed-analysis of
automobile driving” (1938). As shown in figure 1, they introduce the concepts “field of
safe travel” and “minimum stopping zone”, (figure 1).

Figure 1 :

Projection of “Field of safe travel” and “minimum stopping zone” (elaborated
from Gibson & Crooks 1938)

Considering the theoretical issues of driver behaviour of today, Gibson and Crooks are
remarkably “modern” in their 1938-paper as they anticipate a lot of the problem issues of
today, not at least behavioural adaptation and risk compensation. They can also be seen as
fore-runners of Näatänen and Summalas “Zero-risk theory” and partially also to Fullers
“Threat-avoidance model” (Näätänen and Summala 1974; Fuller 1984).

3

But again, how do we decide the distance “c” in figure 1? Gibson and Crooks introduce
the concepts “Field of safe travel” and “Minimum stopping zone”, “a” and “b” in figure 1,
respectively. While “minimum stopping zone” would be purely physical in nature, “field
of safe travel” could be both physically and idiosyncratic, i.e. psychological. Gibson and
Crooks go on by introducing the “field-zone ratio” and state that safe, cautious driving is
achieved when the field-zone ratio a/b > 1. They are, however, aware that the ratio is
influenced by psychological factors as well as physical factors as it may be affected by
motives: “ The ratio may be expected to decrease when the driver is in a hurry “ (Gibson
and Crooks 1938 : 458), an observation clearly revealing its relationship with Näätänen
and Summala’s “Zero-risk theory” and their “extra motives”.
I guess few would object to a statement that the decision of the distance “c” has its base at
numerous events of the past, i.e. that it has been learnt and that schemas of “distance to car
in front” or “car following” have been formed in the organism. However, my main
concern and objection here is that drivers do not arrive at the decision of the distance “c”
by calculating “a” and “b”. Limiting ourselves to the operational level of decision-making
implies that there is no “calculation” of any field-zone ratio at an operational level as no
conscious process is involved in automatic behaviour. Again, how do drivers decide on
“c” ?
Assertion I: Following a car in a queue the distance “c” to the car in front is
chosen as the one that gives the driver the best feeling. I.e. that shorter, or longer
distances, are not chosen because such distances do not produce a best feeling in
the organism. In terms of learning theory, the reinforcing event is the experience
of the best feeling itself.
Assertion II: This knowledge, i.e. the distances that produce the best feelings,
becomes a knowledge of the body itself, the body “knows” – there is no need for
involving conscious processes in the decision-making of headways in ordinary,
car-following tasks at operational levels.
Galvanic Skin Response (GSR) as an indicator of feeling: The Taylor experiments
Taylor reported two experiments in which he had a total of 20 respondents drive under
various conditions, i.e. road environments considered to exhibit different levels of
difficulty, traffic volumes, accident risks etc. (Taylor 1964). There were three routes with
lengths varying from 12 to 62 miles. Each route included the widest range of conditions
available, from urban shopping streets, arterial dual-carriageways, country roads and one
motorway. In Experiment I, each subject covered two routes once each, in day-time offpeak hours, on different days. In Experiment II, each subject covered one single route
under three conditions: a) day-time off-peak, b) twilight rush-hour, and c) night-time offpeak. The order of presentation was randomised and the subjects were allowed at least
one practice run on beforehand.
Skin conductance changes in the fingers were measured by a specially designed portable
instrument. GSR was measured in both experimental groups and a modification of the
instrument made it possible to also measure the level of skin conductance in addition to a
GSR integral in group II. All subjects spent a before-period sitting reading in a quiet room
while GSR was measured remotely. All routes were divided into sections as homogenous
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as possible regarding the road conditions within it. Readings of the GSR was taken at the
boundaries of all route sections and the subjects were given no idea of the purpose of the
experiment. No restrictions were placed on his/her behaviour other than guidance of the
route. In brief, the experiments showed the following (Taylor 1964).
•

The mean GSR rates during driving were some 50 times higher than in the relaxed
before-period (group II)

•

Much of the variation in GSR rate was associated with variables not related to road
conditions

•

Part of the total variance in GSR rate could be accounted for by differences
between subjects (statistically significant)

•

A (relative) consistency within subjects was seen (in group II where all subjects
were driving the same route in two directions)

•

The mean GSR rates were significantly related to experience measured as the
number of years with a driving licence – with a mean GSR rate after 10 years with
a driving licence being 1/5 of the mean of inexperienced novices.

•

Very short sections, which contained road junctions, showed slightly higher mean
GSR rates compared with the immediately adjacent areas (p < 0.001)

•

At two roundabouts higher GSR rates were found in the direction of travel
involving crossing other traffic streams (p < 0.1)

Taylor concludes:
•

GSR rate can be adopted as a measure of subjective risk as it seems unlikely that
frequent occurrences of GSR could be caused by any other factors than those
involving some slight perceptible risk

•

GSR rate is an appropriate variable of subjective risk as it is also analogous to a
tension or anxiety level.

•

The level of subjective risk, or anxiety level, in a particular space, could be defined
as the mean GSR rate when driving in that place (for the subjects in Taylors
experiments)

•

Driving is a self-paced task governed by the level of tension or anxiety which the
driver wishes to tolerate.

•

If GSR rate is raised, a slowing of pace is called for, if there are few hazards, the
pace is quickened until they reappear

•

If perceived hazards are removed or reduced, a driver will simply readjust his
behaviour to restore his anxiety level.

Assertion III: Driver behaviour, and especially speed choice, may be governed by
unconscious body sensations. GSR is one indicator of body sensations that guide the
organism in deciding how to act – say – in speed choice.
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Assertion IV: The organism seeks certain states or levels of bodily and mental tension
Such certain tension levels are idiosyncratic.
Guided by intuition? The Bechara et als’ experiment:
The title of the Bechara et als’ paper is (1997): Deciding Advantageously Before Knowing
the Advantageous Strategy. And that is exactly what was the focus: Can a pre-conscious,
pre-linguistic kind of intuition be experimentally shown to exist? And, if so, how do
people apply it? Bechara el al tested the hypothesis that overt reasoning on declarative
knowledge is preceded by a non-conscious activity that uses other neural systems than
those which support declarative knowledge.
Normal subjects and patients with prefrontal damage and decision-making defects were
exposed to a gambling task where they should draw “good” or “bad” cards from a card
deck. The players were given four decks of cards, a loan of $2000 in facsimile U.S. bills,
and asked to play so that they loose the least as possible and win the most. Turning a card
would result in an immediate reward of $100 (decks A and B) or $50 (decks C and D).
Unpredictably, however, some cards also would carry a penalty: A large loss of money
from decks A and B, and a small loss from decks C and D. Playing mostly from the
disadvantageous decks A and B would result in an overall loss, from the advantageous
decks C and D an overall gain.
After experiencing losses, normal participants began to generate skin conductance
responses (SCR) before selecting a card from the bad decks and they also began to avoid
the decks with large losses. Patients with prefrontal brain damage did neither. Several
times during the experiment, the subjects were asked how they conceptualised the game
and also asked what strategy they were using when choosing cards from the decks. In
short, Bechara et al could separate between for distinct phases or periods of the game:
•

A “pre-punishment period”: After sampling from all four decks, and before
encountering any losses, subjects preferred decks A and B. No significant
anticipatory SCR was generated.

•

A “pre-hunch period”: After encountering losses in decks A or B, usually about
card 10, normal subjects began to generate anticipatory SCRs to decks A and B,
but yet by card 20 they could not report any clue about what was going on.

•

A “hunch period”: By card 50, all normal subjects began to express a “hunch” that
decks A and B were “riskier” than C and D. And all normal subjects generated
anticipatory SCRs whenever they pondered a choice from A or B.

•

None of the patients generated anticipatory SCRs or expressed a “hunch”.

•

A “conceptual phase”: By card 80, 7 of the 10 normals expressed knowledge about
why, in the long run, decks A and B were bad and decks C and D good. They
continued to avoid the bad decks and they also continued to produce anticipatory
SCRs when they considered sampling from the bad decks.

•

The remaining three normals continued to make advantageous choices even if they
did not reach the conceptual period.
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•

None of patients developed anticipatory SCRs, but three of the six patients also
reached the conceptual period and could describe which were the bad decks and
which were the good decks. But, despite a correct, verbal explanation of the task
and the correct strategy, they failed to generate autonomic responses and continued
to select cards from the bad decks.

One possible explanation of the results in this experiment is that the non-conscious,
autonomous responses, the SCRs, assist cognitive reasoning in decision-making processes
and that the SCRs facilitate the processing of knowledge and logical reasoning that seem
necessary for making conscious decisions. Further, it is believed that the SCRs are an
indicator of complex non-conscious signalling which reflects access to previous individual
experience shaped by learning and the emotional states that have attended them (Bechara
et al 1997).
The Damasio model
Damasio’s starting point is the axiomatic statement that the basic motive of all organisms
is survival (Damasio 1994). Correspondingly axiomatic, it follows that the prime task for
the organism is the need for monitoring risk. Damasio separates between emotion and
feeling and limits the concept of emotion to what goes on in the body of the organism, i.e.
the myriads of changes in the state of the body that is induced autonomously in all its parts
and organs when the organism is exposed to a given, external event. The SCR is only one
of all autonomous responses in the body. Emotions are responses predisposed to react in
certain ways, mostly with respect to the body by preparing the body for action, but the
emotional responses are also directed towards the brain through neurotransmitters in the
brainstem which in turn may lead to changes in mental states.
Damasio points out that a lot of the changes in the body state, as changes in skin colour,
body position, facial expressions etc, – are also visible to others. The etymological
meaning of the word emotion relates to the direction of the changes in body state as emotion means “movement out”.
Damasio distinguishes specifically between emotions and feelings and limits feeling to
processes of consciously experience, consciously sensing, the changes of the body and the
mental states. Damasio distinguishes between four levels and defines emotions and feeling
as follows:
•

Primary emotions: Emotions that are innate and unconscious, corresponds to the
neurobiological apparatus of the newborn infant

•

Secondary emotions: Emotions that are learnt, based on individual experiences
and accumulated by the individual – i.e. as they develop into “the emotions of the
adult”. Predominantly unconscious or pre-conscious.

•

Feelings: The process of “feeling an emotion”, the process of “making an emotion
conscious”, to feel and transform changes in body states into conscious
experiences.

•

Background feelings: A background feeling has its origin in the “background”
body states rather than in emotional states. Background feelings may persist for
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hours or days and they are of the kind that individuals are able to report to others –
instantly.
This is, in short, what I have labelled “the Damasio model”. Damasio is explicitly aware
that his definitions are “unorthodox” (Damasio 1994). Personally I adopt his definitions as
I consider them as fruitful and as definitions that facilitate an understanding of – say –
driver behaviour and also fruitful for an elaboration of a model for driver behaviour.
Very simply described, primary emotions are evoked by external stimuli that activates
amygdala, a structure adjacent or part of the evolutionary old parts of the brain, the limbic
system. Activation of amygdala in turn give rise to a wide range of internal responses:
Responses to muscles, to viscera, to neurotransmitter nuclei and to hypothalamus which in
turn increase endocrine and other chemical responses to the bloodstream. Further,
muscular responses that are expressed by emotions (muscle tonus, body position, facial
muscles), heart rate and breath.
While primary emotions are exclusively sub-cortical and directed towards the body,
secondary emotions also include activation of numerous prefrontal cortices which in turn
again activates amygdala, which means that secondary emotions, in addition to the subcortical responses of primary emotions, also include cortical, but still non-conscious
responses activated by the external stimuli. I imagine that the cortical loop in prefrontal
cortices that is involved in secondary emotions, may give access to schemas formed and
accumulated by the learning history of the individual and that this loop enables the body
to react without involving conscious processes (as for example shown previously in the
Bechara experiment). I also imagine that it is this “loop of secondary emotions” that
enables the organism to act automatically in activity that are “overlearnt” – as often
experienced by drivers in driving tasks.
Finally, to feel an emotion, it is necessary, but not sufficient, that neural signals from the
viscera, muscles, joints, neurotransmitter nuclei, i.e. all body organs that are emotionally
activated, are redirected towards the neocortex and certain sub-cortical nuclei. The signals
from the body back to cortex go through endocrine and other chemical routes and reach
the central nervous system via the bloodstream. The feelings, i.e. the conscious experience
of body states impinged by external stimuli, then establish an association between an
external object – say a given situation in traffic- and an emotional body state. Thus, the
processes of feeling and emotion enables the individual to evaluate, consider and choose
between alternative acts in a situation that demands action. The consciousness need a
continuous update of “here-and-now”, of what the body does and what it experiences.
Feelings then is the conscious experience of what the body does, - by representations of
emotional body states. Or as Damasio puts it:
”That process of continuous monitoring, that experience of what your body is
doing while thoughts about specific contents roll by, is the essence of what I call a
feeling” (Damasio 1994 : 145).
Conclusion
Referring to the initial problem statements, the bottom line of this paper is that emotions
play a significant role in risk monitoring, information processing and decision-making.
My position is the following:
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•

Emotions and their functional role are not well understood as specific entities in
driver behaviour models

•

Emotions are not adequately addressed and integrated in prevailing driver
behaviour models

There are exceptions, however. Historically, there is a line from the Gibson and Crooks
(1938) to Taylor (1964), Näätänen and Summala (1974) and perhaps partly also Fuller
(1984). Gibson and Crooks were far-sighted in their 1938-discussion, comments on
behavioural adaptation included. Fuller’s threat-aviodance model may partly carry a
resemblance to Gibson and Crooks field theory and their inherent negative and positive
valences. Näätänen and Summalas’ Zero-risk model is founded on Taylor’s observations
of 1964, and it is remarkable that the Taylor contribution have been neglected to such a
large extent. Recent results from research in neurobiology, as shown by Damasio (1994)
and Bechara et al (1997), give, however, considerable support to the observations made by
Taylor. In this context, Wilde’s theory of Risk Homeostasis (RHT), is considered a dead
end. The only significant element of RHT, in my opinion, is the concept of target level. I
do agree that drivers seek to satisfy some kind of target, but not a target level of risk,
meaning a number, but rather a target level of feeling, an observation that should be
acknowledged as a contribution made by Taylor.
The role of the emotions in driver behaviour models, and the role they play in risk
monitoring, must be upgraded. Emotions are the key element of what could be labelled as
the risk monitor of organisms. In my view, emotions are the very core in risk monitoring,
as stated in assertion V:
•

Assertion V: Emotions are (part of) the risk monitor. Human emotions are the very
instrument that enables man to monitor danger, to consider and evaluate
behavioural alternatives in given situations. The risk monitor processes
information and operates on all levels of consciousness, i.e. on conscious, preconscious and unconscious levels.
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DETECTION AND LOW-COST ENGINEERING IMPROVEMENT OF
INCONSISTENT HORIZONTAL CURVES IN RURAL ROADS.
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Portugal
E-mail: joao.cardoso@lnec.pt / Fax: +351 21 8333029

1 - Background
In Portugal, curves in rural road links (outside junctions) are associated with a remarkable
number of injury accidents and fatalities: almost 37% of the injury accidents (31% of the
fatalities) registered on the Portuguese National Road Network (NRN), outside urban areas, in
the period 1994-98 occurred on curves (Figure 1) [1]. The situation is similar in other European
countries [2].

Single carriageway, 2-lane rural roads
Injury accidents

Curve on link (41.90%)
Tangent or intersection (58.10%)

Fatalities

Curve on link (44.10%)
Tangent or intersection (55.90%)

Figure 1 – Injury Accidents at Curves Outside Urban Areas (Portugal, 1994-1998)

These high numbers of accidents on curves usually correspond to an increase in the
accident risk at curves: as an example, on links of rural roads with non-paved shoulders, the
overall accident risk on curves is almost 150% the overall accident risk on tangents (1.49
accidents per million vehicle×km on curves, and 1.00 accidents per million vehicle×km on
tangents).
Several characteristics of the road (and of the curves themselves) may justify this increase
in accident risk. One major reason is that horizontal curves are geometric features of rural roads
that generate tracking and visibility problems that may contribute to violate the driver’s

expectancy. Therefore, it is important to detect the curves where these driver expectancy
violations may occur (the inconsistent road curves), in order to alert the unfamiliar driver or, if
possible, to correct the road characteristics in their proximity.
In this paper a presentation is made of the method recently developed in Portugal for the
detection of inconsistent horizontal curves in single carriageway rural roads of the NRN and the
improvement of their safety records. The method, commissioned by the Portuguese Road
Administration, was developed as a result of previous research carried out within both the
Research Programme of the Laboratory for Civil Engineering (LNEC) and the SAFESTAR
project (which was part of the European Research Programme TRANSPORT of EU’s Fourth
Framework Programme).
This method involves the determination of the consistency class for each curve on a road,
and the application of a systematic treatment - involving such low cost engineering measures as
marking, signing and shoulder improvement - to the curves of each class. It is intended that this
method will be applied progressively to over 8700 km of national roads.
In the next chapter, a brief overview of the theoretical background of the procedures for
classification and signing horizontal curves is presented. In the third chapter, the criteria for
classification of curves are explained, with a description of the signing system developed. The
results of some tests already performed are discussed in the final chapter.
2 - Geometric consistency
2.1 - Geometric consistency may be defined as the agreement between the characteristics of the
geometric design of a road and their unfamiliar driver’s expectations [3]. In psychological
studies, expectancy is the process by which the response of a person to a set of stimuli, is defined
according to a selection of concepts and ideas that he/she has learned previously [4]. In this way,
expectancy is the tendency of a driver to react to a situation, an event or a set of information in a
systematic way, based on his/her past experience.
The concepts of driver expectancy and geometric consistency are important in safety and
road design, because inconsistencies on a road can surprise drivers and lead to errors that increase
the accident risk [5].
As a result of several research projects, various methods for representing driver
expectancy and for evaluating the design consistency of a road were developed [2]. The most
useful ones are based on selected parameters (mainly the average and the 85th percentile) of the
unimpeded speed distribution, and on their variation from road section to road section [2, 3, 6, 7,
8, 9]. This requires the use of a procedure for estimating the unimpeded speed profile along the
road. Unimpeded speeds are observed under very low traffic volumes.
Other methods are related to geometric indices derived directly from the design
characteristics of the road layout [2, 9, 10], and on estimations (objective or subjective) of driver
workload [2, 3, 8, 11].
Some of these methods for evaluating design consistency were directly related with
accident risk using statistical models [12, 13, 14, 15]. It was concluded that it is possible to
enhance the goodness of fit of accident frequency estimates (and accident risk) as a function of
road characteristics, by incorporating in the empirical models explanatory variables related to the
driver behaviour (such as speed reduction or the average speed) or to the driver workload.
However, the quality of these predictions is strongly dependent on the accuracy of the speed
reduction (or workload) values used, calling for considerable care in the adequacy of the models
used for their estimation.

2.2 - The method developed for consistency evaluation on Portuguese roads of the NRN is
based on four principles:
1)
the evaluation should be made using variables representing explicitly the
observed driver behaviour on Portuguese roads, their expectations and the
difficulty they have in the execution of the required manoeuvres (see 2.2.2);
2)
consideration should be given to the correlations already established between the
accident risk in Portuguese roads and explanatory variables related to driver
behaviour and the road geometry (see 2.2.3);
3)
the deceleration rate (absolute value) required to reduce speed from its value on
the approach tangent to the value on the curve should be less than 2 ms-2 (see
2.2.4);
4)
the variation in kinetic energy required to decelerate from the approach speed to
the speed on the curve should be weighted in the consistency evaluation (see
2.2.5).
The practical application of the method involves the following steps: the division of the
road in curved and straight elements (respectively curves and tangents); the calculation of the
unimpeded speed profiles of the road (one for each direction); the estimation of the increase in
accident risk on each curve (as related to the expected accident risk if it was a tangent); and the
calculation of the required deceleration rate on the approach to each curve.
2.2.1 - According to the Portuguese road design standards, horizontal curves consist of a circular
arc (with constant radius) in between transition arcs, at each end. Transition arcs are not needed
if the radius of the circular arc is above a minimum value, depending on the design speed.
Transition curves are defined by a clothoid.
The following definitions apply when dividing the road in curved and straight elements,
in order to start its consistency evaluation process:
curve element
- road stretch comprising the circular arc and 2/3 of the transition
arc (clothoid) at each end of the circular arc;
straight element
- road stretch containing a stretch without horizontal curvature
and 1/3 of each adjoining transition arc.
2.2.2 - Calculation of the unimpeded speed profiles is made using a procedure very similar to the
ones described in previous references, for roads with non-paved shoulders [1, 16, 17] and for
roads with paved shoulders [18, 19]. However, a small change was introduced during the
development of this method. The speed profile is now calculated for the average unimpeded
speed, whereas originally it was calculated for the 85th percentile of the unimpeded speed
distribution. In this way a common set of explanatory variables can be used for the accident
models on roads with non-paved shoulders and paved shoulders (without any significant loss in
the explanatory power of the models).
The equations for estimating the average unimpeded speed on tangents are presented
below:
1)
on roads with non-paved shoulders:

2)

V m = 20.31 - 0.0315 × S + 0.0081 × LT - 0.2289 × DECL + 9.99 × L F + 1.7 × L S
on roads with paved shoulders:

V m = - 28.52 - 0.047 × S + 15.75 × L F + 0.0237 × R PC

Where:
S
LT
DECL
LF
LS
RPC

- average road bendiness on the 500 m preceding the tangent
- tangent length
- average hilliness on the 500 m preceding the tangent
- carriageway width
- sum of shoulder widths (both shoulders)
- radius of the curve preceding the tangent

(º/km);
(m);
(m/km);
(m);
(m);
(m).

Average bendiness and hilliness represent the influence in the driver’s choice of speed at
a given section, of geometric characteristics previously encountered along the road. Average
road bendiness is defined as the sum of the curve deflection angles on the 500 metres preceding
the tangent; average hilliness is the sum of the vertical height changes (uphill plus downhill)
along the 500 metres preceding the tangent.
The equations for estimating the average unimpeded speed on curves are as follows:
i)
on roads with non-paved shoulders:

V m = 46.2 + 0.0199 × L C ii)

316.66
RC

+ 2.81 × L F + 0.391 × V MR

on roads with paved shoulders:
158.05
+ 2.12 × L F + 0.705 × V MR
V m = 16.44 RC

Where:
LC
RC
VMR

- curve length
- curve radius
- average unimpeded speed on the approach tangent

(m);
(m);
(m).

The fitting process for equations 1 to 4 is described in references 15, 17 and 18. Models
for tangents explain over 75% of the observed variation in unimpeded speed (pseudo-R2 equal to
0.76 on roads with non-paved shoulders and 0.81 on roads with paved shoulders); models for
speeds on curves have a slightly better fit (pseudo-R2 equal to 0.92 on roads with non-paved
shoulders and 0.88 on roads with paved shoulders).
Unimpeded speed profiles are calculated using a computer program (‘PERVEL’)
developed at LNEC [1, 17].
2.2.3 - Accident models were developed for estimating expected accident frequencies on curves
and on tangents on roads with paved and non-paved shoulders. These models are slightly
different from the ones presented in previous references [15, 17, 19, 20], due to the convenience
of having the same explanatory variables in the models for both types of road (with non-paved
and paved shoulders). From a practical point of view, this is important to reduce the data
collection requirements for the use of the models by the road administration. No significant loss
of explanatory power resulted from these changes in the models.
The equations for estimating the increase in accident risk at a curve (as related to the
expected accident risk if this element was a tangent) were derived from the combination of the
accident frequency models. The resulting equations are:
For roads with non-paved shoulders:

0.074

× S 0.206 × L F 3.28 × V MR 0.662
(∆ VM )
TAc Curve
= e-6.807 ×
0.136
× L C 0.427
TAcTangent
TMDA
For roads with paved shoulders:
0.129
× V MR 1.923
( ∆V M )
TAc Curve
VRAC =
= e- 4.565 ×
0.303
× TMDA 0.181 × L F 0.129
TAc Tangent
LC
VRAC =

Where:

VRAC
TAc Curve
TAc Tangent
∆V M

-

LF
TMDA
V MR
S

-

LC

-

variation in the accident rate (risk) due to the horizontal curvature;
accident rate on curve (injury accidents per 106 vehicle×km);
accident rate on tangent (injury accidents per 106 vehicle×km);
maximum average unimpeded speed at the beginning of the curve (both
directions) (km/h);
carriageway width (m);
average annual daily traffic (vehicles);
average unimpeded speed on the preceding (approach) tangent (km/h);
average road bendiness in the 500 m preceding the initial section of the
curve (º/km);
curve length (m).

These equations are not intended as ‘cause-effect’ relations, especially in what concerns
the variables representing geometric characteristics. For instance, TMDA being in the
denominator may simply indicate that there is a possible relation between the overall quality of
the road layout and TMDA. Similarly, in the equation for roads with non-paved shoulders, LF is
in the numerator possibly because wider roads are more frequent in flat areas and in new roads;
on the other hand, narrower roads are more frequent in hilly areas or in old roads; as a result,
curves are more unexpected in wider (and less bendy) roads than in the narrower ones.
2.2.4 - The procedures originally proposed for calculating the speed profiles of a road are well
adapted to existing roads designed according to modern standards (and to the design of new
roads).
However, on some existing roads there are cases where the length of the tangent between
two curves is not enough to accommodate the required speed reduction at the assumed standard
deceleration rate of 0,88 ms-2 [17].
In these cases, it is assumed that the deceleration rate will be higher than the standard
value. The exact value may be calculated using the program ‘PERVEL’ mentioned above
(2.2.2). If the value of this deceleration rate is lower than -2 ms-2, the curve is marked as an
inconsistent curve.
2.2.5 - The relation between the kinetic energy of an object and its speed is not linear, but
quadratic. This results in a non-linear variation of the forces generated by the manoeuvres at the
approach to a curve, as a function of speed. Furthermore, it is well established that the severity
of the consequences of an accident are not linearly related to its speed.
An attempt to include these issues in the consistency rating was made, with the definition
of a factor weighting the expected increase in accident risk (VRAC) with a measure of variation in

kinetic energy required to drive along a curve. This factor, designated ‘inconsistency factor’
(FH), is calculated using the following equation:
appr
FH = VRAC × E cfinal
Ec
where:

FH
VRAC
Ecappr
Ec final

- inconsistency factor;
- increase in accident risk, due to the curve, calculated with equations 5 or 6;
- kinetic energy at the approach speed
(J);
- kinetic energy at the speed on the curve
(J).

Values calculated with equation 7, are standardized in order to obtain FH equal to one
when speed variation (or reduction) is zero. Values for FH are computed automatically using the
‘PERVER’ program (2.2.2).
Figure 2 presents the variation of FH as a function of the average unimpeded approach
speed and of the maximum reduction on average unimpeded speed, on a curve 200 m long and an
average bendiness of 3200 º/km. The curve is in a single carriageway national road with an
average daily traffic of 3000 vehicles, 7.50 m wide carriageway and 5.0 m wide non-paved
shoulders (2.5 m wide shoulder on each side of the road).

TWO LANE, SINGLE CARRIAGEWAY ROADS
NON PAVED SHOULDERS
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Figure 2 – Inconsistency Factor on Curves on Roads with Non-paved Shoulders

FH is represented using wide solid lines; wide broken lines are used to mark the borders
of the consistency classes defined in Chapter 3.

3 - System for classification and signing of horizontal curves
3.1 - Curves are divided in five consistency classes, depending on their FH and on the values
of their speed reduction and deceleration rate, according to the criteria summarized in Table 1.
TABLE 1 - Classification of Horizontal Curve Consistency [1].
Inconsistency Factor (FH)
Consistency
Class *

Speed
Reduction

O

≤ 5 km/h

A
B
C
D

Type of Road

Deceleration

> - 2 ms –2
> 5 km/h
≤ - 2 ms

–2

With
paved shoulders

With
non-paved shoulders

≤ 2.5

≤ 1.5

≤ 3.0

≤ 2.0

≤ 4.0

≤ 3.0

≤ 8.0

≤ 6.0

> 8.0

> 6.0

* For classes ‘O’ to ‘C’, all three criteria (‘Speed reduction’, ‘Deceleration’ and ‘FH’) must be fulfilled;
For class ‘D’, ‘Speed reduction’ and only one other criterium (‘Deceleration’ or ‘FH’) have to be satisfied.

The highest consistency class (class ‘O’) corresponds to the simultaneous verification of
the following three conditions:
speed reduction not greater than 5 km/h;
FH not greater than 2.5 (roads with paved shoulders) or 1.5 (roads with nonpaved shoulders);
deceleration rate greater than –2 ms-2.
The lowest consistency class (class ‘D’) corresponds to the verification of the following
two conditions:
speed reduction greater than 5 km/h;
deceleration rate bellow –2 ms-2 or FH greater than 8.0 (roads with paved
shoulders) or 6.0 (roads with non-paved shoulders).
For intermediate consistency classes (‘A’, ‘B’, and ‘C’) only FH values are taken in
consideration. Speed reduction and difficulty of the driving task ratings for each consistency
class are described in Chapter 3.3, below.
Using the computer program ‘PERVEL’ (see 2.2.1), it is possible to evaluate
automatically the consistency class of each curve on a road.
3.2 - At the design stage of new roads, curves of consistency classes ‘B’ and ‘C’ should only be
accepted after adequate justification, based on physical or economical impossibility; curves of
consistency class ‘D’ should not be accepted at this stage (alignment should be changed in a way
that reduces the approach speeds to the curve).
Consistency class ‘D’ curves on existing roads must be corrected, by means of changes in
their geometric alignment (greater curve radius) or in the road alignment at their vicinity (to
achieve a reduction in the approach speeds). It is expected that correction these curves will not

be immediate: therefore, a signing system for these curves was defined, as a possible emergency
action.
Road alignment at the vicinity of consistency class ‘B’ and ‘C’ curves should (but don’t
have to) be corrected. In these cases (and for consistency class ‘A’ curves) the systematic
application of a uniform signing system has shown some positive effects in driver behaviour
improvement and in reducing the accident risk [21].
Curves of consistency class ‘O’ should be considered as tangent sections (even though
special care must be taken, to reduce the impact of decreased visibility distances).
3.3 - Usually, road signing is intended to create a predictable and efficient traffic operation. To
this end, signing should: inform drivers of possible risky situations ahead; guide the drivers to
the most favourable (less risky or easier) paths; and convince them to adopt adequate driver
behaviour and to raise their attention to a level that is appropriate to the manoeuvres and the
complexity of the driving tasks to be performed immediately ahead.
To help drivers develop an adequate set of a priori expectancies related to road curves on
the NRN, the Portuguese system for signing road curves was defined, on the basis of the
consistency classification described above (in 3.1).
Similarly to what was defined in the Workpackage 6 of SAFESTAR, in the Portuguese
system, the increase in geometric inconsistency commands the following requirements [22]:
better vertical guide-posting;
greater visibility of the vertical signing and enhanced forthrightness in the its
content;
reinforced management and control of driver behaviour on the approach to the
curve.
Basically, the system comprises four different sets of signing devices (delineators, vertical
signs, markers and road marks) to be applied systematically on the curves of each consistency
class (Figures 3 to 6).
Consistency class ‘O’ comprises curves with a very low reduction in the unimpeded
speed and with a rather slight effect on driver behaviour. Signing of these curves should be
similar to the one used on the adjacent tangents, namely as regards the use of roads markings and
the spacing of delineators (if used).
Consistency class ‘A’ curves require a small reduction in the unimpeded speed;
furthermore, the increase in the driving task difficulty is sufficient to generate a measurable (but
small) increase in accident risk (as compared to class ‘O’ curves).

NOTE:
Location and spacing of delineators defined in a Portuguese
guideline [42]:
Spacing between delineators

= DV / 5

where DV - visibility distance

between 150 m and 300 m

Figure 3 – Signing System for Consistency Class ‘A’ Curves

As the deceleration is small, only the ‘dangerous curve ahead’ vertical sign is needed;
road markings are of the same type as on the contiguous tangents. On high unimpeded speed
(above 80 km/h) roads, delineators should be mounted on the curves and on the stretch of tangent
used for speed reduction; on low unimpeded speed (below 80 km/h) roads, the criteria for
mounting delineators depends on the proportion of curves belonging to consistency classes ‘A’ to
‘D’ (if higher than 50%, delineators should be placed on all road length).
Signing of a consistency class ‘A’ curve is shown in Figure 3.
Consistency class ‘B’ curves have greater reductions in the unimpeded speed than class
‘A’ curves, but still low enough to require only the application of ‘dangerous curve ahead’
vertical sign. Road marking characteristics are similar to the ones on the contiguous tangents.
The driving task in these curves is significantly more difficult than in class ‘A’ curves.
Accordingly, in class ‘B’ curves it is important to help the driver to anticipate the difficulty of the
task ahead: to this end, the application of single chevron signs is reccomended.
An example of the resulting signing system is shown in Figure 4.

NOTE:
Location and spacing of delineators and chevrons are
defined in a Portuguese guideline [42]:
Spacing between delineators
Spacing between chevrons

= DV / 5
= 1,5 x DV / 5

where DV - visibility distance

between 150 m and 300 m

Figure 4 – Signing System for Consistency Class ‘B’ Curves

NOTE:
Location and spacing of delineators and chevrons are
defined in a Portuguese guideline [42]:
Spacing between delineators
Spacing between chevrons

= DV / 5
= 1,5 x DV / 5

where DV - visibility distance

between 150 m and 300 m

Figure 5 – Signing System for Consistency Class ‘C’ Curves

Consistency class ‘C’ includes curves with greater unimpeded speed reductions than the
previous class (‘B’). The difference between the initial (approach) speed and the speed on the
curve is so high that unfamiliar drivers may have difficulty to, simultaneously, estimate the
appropriate curve speed and gently reduce their speed to this value.
The ‘dangerous curve ahead’ vertical sign should be accompanied by a ‘recommended
speed’ vertical sign. The value for this recommended speed is the corresponding unimpeded
speed on curve, computed directly with equations 3 and 4.
Driving along curves in consistency class ‘C’ is a very difficult task, requiring special
care in providing the driver with many guiding cues. As in consistency class ‘B’ curves, it is
recommended to install delineators and chevrons; furthermore, to encourage the selection of the

appropriate path on the curve, it is recommended to use edge and central rumble lines at the curve
and on the length of tangent section used for reducing speed (as computed with the program
‘PERVEL’).
Figure 5 presents the signing of a consistency class ‘C’ curve.
Consistency class ‘D’ curves are dangerous sections of a road, because they introduce
speed reductions exceptionally high or they force very strong deceleration rates upon the driver.
Under normal circumstances, the dynamic forces upon the man-machine couple are very similar
to the capacities of the road system; namely in what concerns needed skidding resistance. As a
result, unfamiliar drivers (even if with the adequate expectancy and when are assigning normal
attention levels to the driving task) will have difficulty to recover from perception errors that may
occur in unusual situations.
For the reasons stated above, consistency class ‘D’ curves should not be accepted at the
design stage of new roads, as stated in chapter 3.2.
It is recommended that signing of existing class ‘D’ curves will be made as a temporary
emergency treatment only, pending the correction of road alignment in the curve itself or on its
contiguous sections.
Figure 6 presents an example of signing system at a consistency class ‘D’ curve.

NOTE:
Location and spacing of delineators and multiple chevrons
are defined in a Portuguese guideline [42]:
Spacing between delineators

= DV / 5

where DV - visibility distance

between 150 m and 300 m

Figure 6 – Signing System for Consistency Class ‘D’ Curves

As in class ‘C’ curves, the ‘dangerous curve ahead’ and the ‘recommended speed’ vertical
signs should be used. The value of the recommend speed is computed with equations 3 and 4. A
multiple chevron should be installed, to reinforce the message to the driver that an especially
dangerous curve lays ahead. Delineators and edge and central rumble lines are recommended, as
well.
Unimpeded speeds are lower on roads with narrower lanes, as stressed in equations 1 to 4.
In class ‘D’ curves, the feasibility of reducing the lane width at the curves and on the tangent
sections used for reducing speed should be evaluated.

4 - Concluding remarks
4.1 - The topic of safety on horizontal curves is not restricted to the issue of geometric
consistency.
Visibility (how easy it is to perceive that there is a curve ahead and at what distance) and
readability (how easy it is for a driver to evaluate the curve geometry, in order to adopt an
adequate behaviour) are two additional characteristics with significant impact in safety at curves
[19]. Several measures can be applied to improve the visibility and the readability of road
curves, such as road marking (including central no-passing areas), markers and landscaping (for
example, low bush on the inside of the curve and high scrub on the outside). Pavement
management systems should pay special attention to reductions in friction coefficients and
macrotexture on curves to prevent increases in accident risk due to low skid resistance. Due to a
higher probability of vehicles leaving the road on curves, requirements concerning obstacle free
zones on the roadside of curves should be more severe than on tangents.
4.2 - Trial tests on a Portuguese main road (IP 5) have shown that the application of the signing
system for curves presented in Chapter 3.3 has improved quickly and significantly some
important aspects of driver behaviour: lower unimpeded speeds (-5∼-11 km/h, in the 85th
percentile unimpeded speed on curves); better compliance of cars and trucks to the defined lane
space; less vehicle paths over the inside shoulder (from 20∼50% to 5∼35%); larger distances to
the right edge line for vehicles in the inside lane (+25 cm). Overall, driver behaviour ‘after the
improvement’ in road signing is more homogeneous both in curves and in tangents, than in the
‘before improvement’ period [21].
It is expected that the widespread application of the method for the detection of
inconsistent horizontal curves in single carriageway rural roads of the National Road Network,
and the improvement of their signing and geometric characteristics (scheduled to start soon at
another main road), will contribute to a significant improvement in the Portuguese road safety
records.
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Abstract
Analysis of accidents is essential to figure out the actual relationship between accident causes,
severity and location with factors such as road geometry, vehicle characteristics and human
behavior and features that cause accidents. Some accidents may happen due to more than one
reason for the same main cause. It is known that accident data depend basically on the police
reports. Reported accidents are usually below the actual number and are not oriented towards
future detailed analysis. To have a good data base for accident analysis may require a
relatively long time. Existing records are neither accurate nor detailed enough for the purpose
of data analysis. Combined with other data sets, the traffic conflict technique is an efficient
tool for analyzing traffic safety problems at specific sites. The conflicts do not only reflect the
number of accidents, but also their nature. The process of a conflict to occur is almost
identical to that of a compatible accident. The observations of a conflict can therefore be used
as basis for explaining how these situations occur. Conflicts are classified into three and these
are; potential conflicts, slight conflicts and serious conflicts (potential accident). To improve
the safety of existing road system and facilities, good understanding of the relationship
between accidents/conflicts and geometry of the highway and other affects is required.
The objectives of this paper are to identify the roadway variables that affect traffic conflicts at
uncontrolled intersections in Greater Cairo, and to develop mathematical models of conflict
rates with the road variable. Alternative statistical methods of analysis based on the general
linear model framework are discussed. This framework provides a flexible range of statistical
models for representing response of mean conflict rates on design variables of interest and for
selecting the distribution of conflict rates within individual classification cells. A special field
survey was lunched to collect data required for model calibration. Provision of some
significant countermeasures for improving road safety levels are presented.
1. Itroduction
Every year more than 1.17 million people die in road crashes around the world. The majority
of these deaths, (almost 70 percent) occur in developing countries. Sixty-five percent of
deaths involve pedestrians. Over 10 million are injured each year. It has been estimated that
least 6 million more will die and 60 million will be injured during the next 10 years in
developing countries alone unless urgent action is taken (1). The majority of road crash
victims in developing countries are pedestrian, motor cyclists, and non-motorized vehicles
occupants. The Global Burden of Disease study undertaken by the World Health Organization

(WHO), Harvard University and the World Bank showed that in 1990, traffic crashes were
assessed to be the world’s ninth most important health problem. The study forecasts that by
the year 2020 road crashes would move up to third place in the table of leading causes of
death and disability facing the world community (1).
It is important to regard road safety as a public health problem, that is to say that the road
safety problem is that persons are getting killed or injured due to accidents from transport on a
road or street. There are three levels of road safety problems. First order problems are obvious
from observation and simple statistical analysis. Second order problem and are not-directly
obvious and includes reducing effect of countermeasures. Finally, the third order problems
and are hidden and includes preventing implementation of counter measures (2). First order
safety problem includes high speed, alcohol and drug frequent, unprotected road users,
children, young drivers, inadequate road/street standard, old road users, injury causing design
roads and care, low usage of protective devices, heavy vehicles, low visibility conditions,
many intersections, and low friction conditions. Second order road safety problems such as
inadequate enforcement, training and licensing inadequate, unclear actor roles, responsibilities
and traffic sentences not logical. Finally, the third order problems includes low value of safety
measures, inadequate management system, lack of quantitative goals, lack of a clear road
safety vision, inadequate diagnosis system, unco-ordinated safety research, and finally
consumers, communities, companies not involved and not active (2).
Based on the above classification of road safety problems, it is obvious that improvements in
road safety research and development can solve, partially, the third order traffic safety
problem. Applied road safety research and development are to develop and test methods and
models for goal and target analysis as well as for measuring present conditions and status. It
is also to study and analyze causal relations and relationships between characteristics of road
users, roads and vehicles and safety including accident contributing factors. Research and
development in traffic safety sector is also needed to develop and test: models for predicting
future conditions and safety effects, methods and models for safety planning, monitoring and
evaluation, and upgrade preventive and remedial safety measures (3).
2. Structure and Components of an Integrated Accident Information System.
In order to improve road safety, it is important to have access to an accurate road safety
information system. The parts of such a system shall consist of as high quality as possible and
shall be easy to use for all different users of road safety data. It is also important to have easy
access to data in the system. The basis and the most important information about traffic
accidents and the outcome of these accidents, that is to say fatalities and injured persons (4).
In most countries road safety accidents are reported by the police. The main purpose for the
police is to investigate the legal aspects of the accidents. The police have, according to
national laws, also to report some facts from the accidents to a national authority or
organization, responsible for official statistics of road traffic accidents and casualties. The real
number of accidents and casualties is probably much higher as many accidents , by different
reasons, are not reported to the police specially single vehicle accidents with only minor
injuries. The information available from the register is of course very important but is not
enough for road safety purposes. It has to be combined with data from other sources in order
to create good basis for road safety analysis.
There are some data sources which are important for road safety analysis, and may consistute
part of a road safety information system. Examples of these sources are :

which is very important to get information about what kind of injuries
the person sustained and the short-term and the long-term consequences
of the injuries.
Forensic data:
information about main death causes and other injuries of the fatally
injured person may be of great importance as a basis for preventive
actions.
Death cause data:
if forensic data is not available, it has be investigated the possibility to
use data of death cause, in order to get information about main death
cause for fatally injured road users.
Exposure data:
related to vehicles by vehicle kilometers in different road environment
and can be related also to persons in form of length or time traveled in
road traffic according to different road users categories or age group.
Road data:
to include street/road and the traffic and the environment. It is very
important in the work of improving road safety related specific sites in
order to carry out for instance black spot or black area analysis but it is
not enough to know the number and severity of accident.
Vehicle data:
based on vehicle registered number it is possible to get technical and
other information about the vehicle and some data about owner to the
vehicle.
Driver license data: to include data about the type of license and the length of the possession
of the license for driver involved accidents.
Population data:
can be used when calculating or analyzing fatality or injury risk
between for instance different geographical areas or age groups.
Behavioral data:
such as using seat belt and obeying of speed limits, driving or walking
against red lights, not obeying stop or give way signs. This information
can be collected from observation studies either or special sites carried
out once a year or month or from random sample of sites to get an
estimate for a greater area (4).
Hospital data:

3. The Traffic Coflict Technique
The Traffic Conflict Technique has developed during a twenty year period at the Department
of Traffic Planning and Engineering, Lund University in Sweden. In combination with other
evaluation methods it informs about the traffic safety, primarily in urban areas. The Conflict
Technique enables the study of “hazards” in traffic in an uncompleted way. It used to be
uncomplicated way. It is used to be the number of reported accidents at a site that decided
whether it should be rebuilt or not. Based on the Traffic Conflict Technique results, it
becomes possible to judge whether the site is dangerous after three to five days of conflict
studies. It is also possible to make an immediate follow up after the implementation of a
countermeasure. The studies have demonstrated that conflicts resemble accidents. The process
of a serious conflict is almost identical to that of a serious accident, with the exception of
collision occurring less frequently and that no one is injured (5).
Conflicts are undesired phenomena. Serious conflicts are in the same way as traffic accidents,
the result of a breakdown in the interaction between the road users, environment and vehicle.
There are other two types of conflicts. These are potential conflicts and slight or minor
conflicts. A serious conflict is characterized by the fact that no one voluntarily gets involved
in such a situation.. The necessary evasive action is usually braking, but may also be swerving
or acceleration, or a combination of these. Since the similarity between accidents and serious
conflicts is striking, accidents can be avoided by circumventing conflicts. Practical

application of the Conflict Technique is more in urban areas, but rural sites have also been
studied. The task of the observer is to detect and record the conflicts, as well as assess
distance and speed. There are different types of conflicts according to the severity level of the
conflict. The conflict technique is used for describing the traffic situation. Used together with
traffic volume counts, one can get a good picture of how great the risk is that an accident will
occur. Conflicts also show the nature of accidents. There are between 3,000 and 40,000
conflicts for each injury accidents reported by the police. This ratio depends on the type of
conflict, and the severity of the conflict. The random variation is less of a problem, as the
number of conflicts based on a few days’ study outnumbers the number of accidents over
several years. It has therefore been demonstrated that conflict studies give better estimate of
the average number of accidents than accident statistics (5). This means that 3 days of
observations may give better estimates than waiting for three years of real accident data.
4. Accidents / Conflicts as Measurements for The Traffic Safety
Combined with other data sets, the conflict technique is an efficient tool for analyzing traffic
safety problems for specific sites or road users groups. Conflicts don’t only reflect the
number of accidents, but also their nature. The process of a conflict is identical to that of a
compatible accident (5). There are many reasons why accidents are not good measurement for
describing the traffic safety condition. One of the problems is that the number of accidents at
a specific site is usually small. Many years have to be included to get a good picture of the
situation. Many extraneous factors are changed during the period of observation. Another
problem is that many accidents are never reported to the police. A third problem is that often a
countermeasure is introduced at a site because the number of the reported accidents there has
been large. A drop in the number of accidents may be attributed either to a successful
countermeasure or to the fact that the period before the measure was introduced had a
randomly high number of accidents (5). The last problem is what about safety during days
(hours, seconds) with no accidents? (6). As a summary, conflicts are needed as a complement
to accidents for the following reasons (7).
-

A large part of the variation in accident number are due to randomness,
A weak link between what is observed and the real interest,
It is needed to predict what will happen not what has already happened,
Traffic safety is a heath problem,
Quantitative information about processes leading to accident is very poor,
Traffic is multidimensional,
There are ethical aspects that makes it impossible to make experiments and use
accidents as the safety criterion.

5. The Current Reseach Objectiuves
The objectives of this paper are to identify the roadway variables that affect traffic conflicts at
uncontrolled intersections in Greater Cairo and to develop mathematical models of conflict
rates by conflict type and the road variable.
6. Methodology and Data Collection
This research focuses on the uncontrolled intersections in Greater Cairo to relate their
engineering and traffic characteristics with the conflict rate. Alternative statistical methods of
analysis based on the generalized linear model are used for this modeling process. This

framework provides a flexible range of statistical models for representing the dependence of
mean conflict rates on explanatory variables of interest and for selecting the distribution of
conflict rates within individual classification cells. A special field survey has been completed
to collect data required for model calibration. The analysis will focus on the serious conflicts
as the potential for accidents.
Engineering and Traffic Characteristics of the Selected Intersection
Variables to reflect the engineering and traffic characteristics of the uncontrolled intersections
are concerned with the number of intersection approaches (three, four), directions of traffic in
each approach ( one or two ways) and the segregation between traffic directions in each
approach ( divided and undivided). A combination of 18 categories of intersections are
identified, however there are six out of them are not feasible (i.e. one way and in the same
time divided). These six categories include intersections of three or four legs of one way
approaches and in the same are divided roads. Table 1 describes the characteristics of the
twelve categories of intersections used for the present research. A sample of one intersection
for each type is selected for the data collection.
Table 1: Engineering and traffic related Characteristics of the Uncontrolled
Intersections
Site
1
2
3
4
5
6
7
8
9
10
11
12

Number of Legs
Three

Directions of Traffic
One way-One way
Two way – Two way
One way – Two way

Four

One way-One way
Two way – Two way
One way – Two way

Segregation
Undivided – Undivided
Divided – Divided
Undivided – Undivided
Divided - Undivided
Undivided – Undivided
Undivided – Divided
Undivided – Undivided
Divided – Divided
Undivided – Undivided
Divided - Undivided
Undivided – Undivided
Undivided – Divided

Data Items and Forms
Three data types are necessary for completion of this research and these are; traffic conflicts
data, traffic counts, and geometric characteristics of individual intersection.
Traffic conflict data: The form designed by Lund University, Sweden (7& 8) is used in this
research. The data items included in this form are weather, road surface, time interval, road
users involved in the conflict by mode, sex, age, speed estimate, distance to point of collision,
time to accident, the accident avoiding action as braking, swerving, and acceleration, and the
possibility to swerve.
Traffic data: Two separate sheets are designed for use simultaneously with the conflict data.
One sheet to record the number of vehicles by mode type in 15 minutes intervals. Six mode
types are considered. These are private car, bus/minibus, microbus, bicycle, truck and others.

The second sheet is used for recording number of crossing pedestrians in the intersection in
15 minutes intervals.
Site Geometry: Items of this data are the road width, sidewalk width, median width, marking
and parking conditions.
The Analytical Approach – The General Linear Model
Bearing in mind the objective of this research to develop traffic conflict rate model, the linear
generalized framework as a statistical tool is used to estimate the conflict rate (number of
conflicts/ 10,000 vehicles) for each site and traffic related characteristics. This framework not
only shows the significance of individual independent variables on the conflict rate but also
study the significance of the interactions between the independent variable categories. For this
purpose, the statistical package STATISTICA is used (9).
The log-linear models of contingency tables is part of the more general framework of
generalized linear models GLM. This framework provides a unified theoretical and
computational framework for most commonly used statistical methods: regression, analysis of
variance, multiple classification analysis and several more specialized techniques (10 , 11&
12). The most important feature of the GLM framework is the presence in all models of a
linear prediction based on a linear combination of explanatory variables. The variables may
be continuous or categorical or mixtures of the two. Generalized linear models have a
common algorithm for the estimation of parameters by maximum likelihood. The term loglinear drives from that one can, through logarithmic transformation, restate the problem of
analyzing multi-way frequency tables in terms that are very similar to ANOVA. Specifically,
one may think of the multi way frequency table to reflect various main effects and interaction
effects that add together in a linear fashion to bring about the observed table of frequencies.
The statistical significance of the fitted model may be assessed via a Chi-square test and the
maximum likelihood Chi-square statistic. These measures are to evaluate whether the
expected cell frequencies under the respective model are significantly different from the
observed cell frequencies (13 & 14).
7. Geometric, Traffic & Conflict Features of the Selected Sites
A number of twelve uncontrolled intersections are selected to cover the different
characteristics mentioned earlier with respect to the number of legs, number of traffic
directions and condition of segregation of different traffic directions in the same approach.
Figure 1 presents sketches of the surveyed sites, the total number of passing vehicles in all
directions, number of minor, serious and total traffic conflicts in each site during the
measuring periods. . The measuring time is selected in normal working days (Monday to
Wednesday) and the time during the day is selected to reflect the normal traffic pattern. The
marked spots inside these sketches don’t present the density of conflicts in the intersection but
show the spatial location of the conflicts. The conflicts locations with other intersection
characterstics should be well analyzed before suggesting the proper traffic safety
countermeasures.
8. General Linear Model For Traffic Conflict Rates At Uncontrolled Intersections
8.1 Observed Marginal Totals of Traffic Conflict Rates
In this section the observed marginal totals of the conflicts is presented. The conflict rate is
estimated as a function of each individual variable regardless of its significance
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or the significance of the interaction effects between the variables in the model. The purpose
of this step is to have an overall view of the conflict rate as a response and its variability with
the design variables. The analysis distiguished between conflict types (serious, minor, total).
The conflict rates are estimated as number of conflicts per 10,000 vehicles passing the
intersection. Since serious conflicts are the potential accidents conflicts, only this type is
considered for further analysis. The variables to be analyzed are classified according to the
three variables of the site. Figure 2 gives the marginal total of traffic conflict rates by the
geometric and traffic variables. The analysis shows that total conflict rates at four leg
intersections are much higher than that at three legs. Conflict rates at both undivided legs
intersections are higher than that at divided/undivided legs intersection and both divided legs
intersections consequently. In addition, and with respect to the number of flow directions, it is
observed that conflict rates are higher at intersections of one way roads, followed by
intersections of one way with two way roads while the lowest conflict rates are found at
intersections of two way roads.
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Figure 2: Marginal Totals of Traffic Conflict Rates by Site and Traffic Variables
8.2 Interaction Effects of Observed Conflict Rates
Table 2 gives conflict rates classified by the variables of the analysis. It is observed that the
higest rates are 100 and 99 conflicts per 10,000 and take place at four legs undivided
intersections with 2 way-2 way legs or 1 way and 2way legs. The minimum rate is 13 and
observed at three legs two ways both legs divided intersections.
Table 2: Observed Conflict Rates per 10,000 Vehicles
3 Legs
4 Legs
D-D*
UD-UD
D-UD
Total

1-1 w**
55
55

2-2 w
13
33
58
104

1-2 w
28
37
65

Totals
13
116
95
224

1-1w
96
96

2-2 w
42
100
34
176

1-2 w
99
48
147

Totals
42
295
82
419

* D: divided roads, UD Undivided roads
** 1-1 w: one way- one way intersected roads
8.3 Conflict Shares by Road User Groups
Two road users’ variables are considered. These variables are sex and age. It is observed from
Figure 3 that 84% of conflicts at all sites are happened by male drivers or other involved
males while only 16% only happened by females. In addition, the analysis showed that the
most serious road user age group contain drivers in the age category of 30 - 40 years follwed
age category of 40-50 years, 20-30 years, more than 50 years and less than 20 years
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consequently. The small percentage of contribution of people of age less than 20 may be
explained by the fact that this category covers only a range of 2 years since the driving license
is possible only at 18 years of old.
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Figure 3: Percentage Conflict Shares of Road Users
8.4 Log-linear Model for Traffic Conflict Rates
It has been indicated earlier that the log-linear model is one of the forms of the general linear
model. The loglinear model framework of the present research focuses on the serious
conflicts. A number of generalized linear model representations for the traffic conflict data in
Greater Cairo is presented along with the associated statistical method of analysis. The model
reflect the dependence of average traffic conflict rates on the qualitative factors ; number of
legs i with 2 categories, road seggregation j with 3 categories and traffic directions k with 3
categories. The intial frequency table prepared for the model calibration is of size 2 x 3 x 3
cells, consequently. Out of these cells, there are 6 structural zero cells that considers the one
way legs combined with divided condition. Conseqently, there are twelve data records of
traffic conflict rates per 10000 vehicles, x1 = number of conflicts at three legs intersections, x2
number of conflicts at four legs intersections. Following is the notation used to explain how
the computer statistical pachage calibrates the model.
= the b observed value of x1
x11, x12,…,x1b
x21, x22,…, x2c
= the c observed values of x2
cell (i,j,k)
= cell corresponding to the grouping of vehicles passing intersections
of category of number of legs i, x1=x1j, x2=x2k,
N
= total number of conflicts
nijk
= conflicts in cell ( i,j,k), ∑i∑j∑k nijk = N
Y ijkm
= traffic conflicts observed for the mth vehicle in cell (i,j,k)
= mean and variance of traffic conflicts in cell( i, j,k)
µ ijk, σijk
The key objective is to set up a suitable statistical model for µ ijk to present its dependence on
the factors of x. In model calibration using this techynique, a specific use is made of the
assumption of a Poission for the within cell traffic conflict rates. Thus Yijkm is now taken to be
an observation from a possion distribution with mean µ ijk , m = 1,…., nijk. To ensure that the
mean is positive, we use the logarithmic model.
Log µ ijk = β0i +β1i x1j + β2i x2k + β3ix1jx2k

…..(1)

In the analysis, the cell total number of conflicts Yijk = Σm Yijkm is used. The model is fitted
by the method of maximum likelihood and the calculations can be performed using the
SATISTICA . The goodeness of fit of the model is measured by the Chi-square and

Maximum likelihood values. The computer output of this package is the estimated tarffic
conflict rates for all cells after the automatic application of the calibration parameters β to
each individual cell. The best fit model developed by using STATISTICA (9) showed that
there are no significant third level of interaction in the model. The best model showed the
significence of the second order interactions between road segregation and number of legs ji,
traffic direction and traffic segregationa ki, and traffic directions and road segregation kj. The
model chi-square equals 2.27 with p value equals 0.68 ( > 0.1).
Following , in Table 3, is the fitted loglinear conflict rates per 10,000 vehicles for the
specified site characteristics. Classified rates by vraiables different levels interactions can be
easily noticed. It is observed from the table that the variations in the rates follows the same
way as in the observed rates. The worst sites which are more accident potential sites are those
always of both legs undivided of 3 and 4 legs intesections followed by divided with
undivided legs of 3 and 4 legs. The maximum standardized residual of 0.71 and total
standardized residuals of 0.02
Table 3: Fitted Conflict Rates per 10,000 Vehicles Unsing Loglinear Analysis
3 Legs
D-D
UD-UD
D-UD
Total

1-1 way
55
55

4 Legs
2-2 way
13
36.55
54.45
104

1-2 way
24.45
40.55
65

Totals
13
116
95
224

1-1w
96
96

2-2 w
42
96.45
37.55
176

1-2 w
102.55
44.45
147

Totals
42
295
82
419

9. Proposed Traffic Safety Countermeasures
According to the spatial location of conflicts at each intersection, it is possible to conclude
that all three leg intersections have common problems and all four leg intersections have
common problems but different than those at three legs intersection. Problems at three legs
intersections can be seen as a result of absence of some measures such as YIELD and No
Parking sings, STOP LINE, pedestrian crossing and lane land marking at all entrances. At
two-way legs, chanallization is necessary or at least small round median is needed at
intersection point only. On the other hand, when four legs intersect and traffic conflicts
noticed to be very high, a sequence of suggestions should be followed starting from providing
signs, street marking up to providing signals. When site area is sufficient, and there are
financial constraints for using signals, mini roundabout is a perfect solution for traffic
conflicts occurrence. At divided legs with conflict problem, this would be due to heavy traffic
and it should be provided by signals. Following, in Table 5, is the proposed countermeasure at
each individual intersection under consideration.
10. Conclusions
Analysis of accidents is essential to figure out the actual relationship between accident causes,
severity and location with factors such road geometry, vehicle characteristics and human
behavior and features that cause accidents. Amongst these factors, deficiencies in road design
elements may be identified and the required improvements can be proposed. It is known that
accident data depends basically on the police reports that are filled when accidents happen.
Police-based accident records are not oriented towards future detailed analysis, not accurate
and not detailed enough for the purpose of data analysis and require a relatively long time.

Table 5: Traffic Safety Countermeasures at Intersections
Intersection Type
1, 2, 4 & 6
3
5
7
8& 10
9

11
12

Countermeasures
YIELD signs, No Parking signs, Pedestrian X & STOP
line and lane lines
YIELD signs, No Parking signs, Pedestrian X, STOP line,
lane lines & small median in the middle area,
Chanalization of the 12-meter width leg.
YIELD signs, No Parking sign, Pedestrian X, STOP line,
lane lines & small median in the middle area,
Chanalization of the 11-meter width legs.
YIELD signs, No Parking sign, Pedestrian X, STOP line
and lane lines.
Mini roundabout, YIELD signs, No Parking sign,
Pedestrian X, STOP lines, lane lines.
Signals, No Parking sign, Pedestrian X, STOP lines, lane
lines, small median in the middle, reduce all sidewalk
width to save 50 cm. width for medians to separate traffic
directions in all legs.
YIELD signs, No Parking sign, Pedestrian X, STOP line
and lane lines, exclusive right turn lanes at possible areas,
small median in the middle area, Signals.
Signals, No Parking sign, Pedestrian X, STOP lines, lane
lines, and small median in the middle.

Combined with other data sets, the traffic conflict technique is an efficient tool for analyzing
traffic safety problems at specific sites. The conflicts do not only reflect the number of
accidents, but also their nature. To improve the safety of existing road system and facilities,
good understanding of the relationship between accidents or conflicts and geometry of the
highway and other affects is required.
The objectives of this paper were to identify the roadway variables that affect traffic conflicts
at uncontrolled intersections in Greater Cairo and to develop mathematical models of conflict
rates and the road variable.
Alternative statistical methods of analysis based on a generalized linear model framework are
discussed. This framework provides a flexible range of statistical models for representing the
dependence of mean conflict rates on design variables of interest and for selecting the
distribution of conflict rates within individual classification cells. A special field survey is
completed for model calibration. Intersections are classified into eighteen type according to
the number of legs ( three or four), flow direction (one way-one way, two ways-two ways,
and one way –two ways) and road seggregation (divided-divided, undivided-undivided,
divided –undivided) . Only twelve types are feasible since there are no one way divided roads
and that condition contributes in six types. Conflict rates are defined for this analysis as
number of conflicts per 10,000 vehicles. The numbers showed that the maximum observed
rate is 100 and the minimum is 13 conflict per 10,000 vehicles. The maximum rate is
observed at two way two way undivided four leg intersections and the minimum is observed
at divided one way one way 3 legs intersections. Loglinear analsysi is applied using the

STATISTICA software. The analysis provided the best fit mode only function of the second
order interactions between all pairs of variables. The fitted rates follow the same trends as in
observed rates. According to the totals of these conflicts, it is observed that these rates are
maximum at undivided – undivided (411) roads, followed by divided – undivided (177) roads
and finally, divided – divided roads ( 55). According to the number of legs of the
intersection, the maximum rate takes place at four legs intersections (419) compared with
(224) at three legs intersection. Finally, according to the number of directions of traffic, the
rate is maximum at two way-two way intersections (280) followed by the rate at two way-one
way intersections (212) and the least is at intersections with one way-one way intersections
(151)
Some traffic safety countermeasures are suggested to suit the conflict problem at each
individual site taking into consideration the the reason of the conflicts, and the geomteric
features of the intersection. These measures included provision of YIELD signs, street
marking ( STOP lines, pedestrian crossings, lane marking), chanalization of undivided two
way roads, small median in the middle of the intersections, using signals, and finally,
roundabouts when enough space is available.
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ABSTRACT
This paper introduces a new, in-depth, 'On The Spot' (OTS) accident research project now
underway in the UK. OTS investigators are immediately deployed to the scene of five hundred
road crashes each year where they gather data that would otherwise be quickly lost. Previous
studies are considered before describing methodology used on the spot and during subsequent
follow-up research. Investigations focus on all types of vehicles, the highway, human factors,
and the injuries sustained. The project objectives include establishing an in-depth database that
will further a better understanding of the causes of crashes and injuries, and assist in the
development of solutions.

INTRODUCTION
National administrations and the motor industry have long recognised the need to carry out indepth crash investigations in order to determine what is happening on the public road system.
Such research information is essential for developing effective strategies to reduce road crashes
and injuries.
The UK was home to some of the earliest rigorous and scientific research carried out at the scene
of road traffic crashes. Such in-depth investigations were begun in the UK by Starks and Miller
at the Road Research Laboratory (DSIR, 1963). Mackay subsequently founded the Accident
Research Unit at the University of Birmingham (Mackay, 1969) and put a multidisciplinary team
in place to research the causes of crashes, the causes of injuries and vehicle crashworthiness.
This work was expanded by Ashton et al. (1977) to include on-the-spot pedestrian crash research
yielding results relating vehicle design, velocity and injury patterns. A further team at the TRRL
also conducted on-the-spot accident investigations (Sabey et al., 1975) assessing the role in road
accidents of environment, vehicle and human factors.
Today, world wide, there are a number of active on-the-spot accident investigation studies. In
Europe, an in-depth database is maintained by the MUH (Otte, 1997) in Germany, and INRETS
(Girard, 1993) currently examine crash causation in France with special attention to pedestrian
injuries. The European Accident Causation Study (EACS, Chenisbest et al., 1998) is jointly
funded by the European car manufacturers (ACEA) and the European Commission to study
vehicle, road, traffic and human behaviour, together with some attention to the causes of injuries.
EACS functions in addition to a number of independent studies conducted by several of the
motor manufacturers.
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Other projects have had much success with retrospective approaches, visiting the highway or
examining vehicles some days after the crash has occurred. The UK Co-operative Crash Injury
Study (CCIS, 2001) is one such example of an ongoing study of crashes and injuries based on
detailed vehicle examinations carried out at garages or recovery yards two or three days postcrash. Retrospective studies can not, however, be used to obtain perishable accident data such as
trace marks on the highway, pedestrian contact marks on vehicles, the final resting position of
the vehicles involved and weather, visibility and traffic conditions. Such information is lost
during the clearing of the accident scene and it is only by prompt attendance at the scene of the
crash that such information can be reliably obtained. It is also possible at the scene of an accident
to obtain interviews with those directly or indirectly involved in the crash. Here there is the
further advantage that the interviewees’ memory of events will be as accurate and complete as
possible.
Concern is now increasing for pedestrians and other vulnerable road users. Governments and
vehicle manufacturers are recognising that all road users need to be protected, and as such are
interested in not only the consequences of road crashes, but also in crash causation, road user
behaviour and the effects of road engineering. Much of the information that is necessary to
understand these complex issues can only be found at the scene of the crash for a relatively short
time after impact.

The New OTS Project
The OTS project uses a new accident investigation methodology developed to overcome
limitations previously encountered. The new UK teams work closely alongside local police. This
link is strengthened by the inclusion of a serving police officer on each team, which ensures a
secure, direct and reliable link with the local police command and control system providing
immediate crash notifications. Response vehicles are used, driven by the OTS police officers, to
give brisk journey times to the scene. The combination of a relatively large catchment area and
high traffic density makes a larger crash sample size possible than was attained in some earlier
studies.
OTS is the result of over two years of preparation in the UK. The full project protocol was
assembled by Morris et al. (1999c) and included work done at TRL Ltd. (Turner et al., 1999 and
McCarthy and Chinn, 1999) and University of Birmingham Accident Research Centre (Hill et
al., 1999 a & b). The method was tested and further developed using pilot studies in
Nottinghamshire and the West Midlands over 1998 and 1999 (Morris et al., 1999b).
The data gathered by the project focuses on:
•
•
•
•

All types of vehicles (including damage, failures, features fitted and their contribution);
The highway (including design, features, maintenance and condition);
The human factors (including drivers, riders, passengers and pedestrians and, where possible,
data on the training, experience and other road user aspects that might have influenced the
cause of the crash);
The injuries sustained.

Protocols have been developed in line with recent STAIRS and OECD investigation
methodologies in order to make crash research data compatible across international projects. The
STAIRS protocols set out the basis for a pan-European accident database (STAIRS, 1998 and
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Figure 1: Locations of OTS Investigation
Teams in the UK.

Figure 2: The VSRC Investigation Team
Working Alongside Nottinghamshire Police

Ross et al., 1998), while the OECD RS9 Committee has published the Common International
Methodology for In-depth [motorcycle] Accident Investigations (OECD, 1999).

OBJECTIVES
On The Spot (OTS) Accident Data Collection has been established with the following objectives;
•
•
•

To establish an in-depth research database of a representative sample of road accidents in the
United Kingdom;
To better understand the causes of crashes and injuries;
To assist in the development of solutions.

The remainder of this paper describes the organisation and methodology in place for OTS in the
UK.

PROJECT ORGANISATION
The UK Department for Transport, Local Government and the Regions (DTLR) and the
Highways Agency (HA), which is an Executive Agency of the DTLR, have both provided
funding for the two teams who are undertaking OTS investigations in England. The locations of
the teams are shown in Figure 1.
The Vehicle Safety Research Centre (VSRC) at Loughborough University covers the South
Nottinghamshire area in the East Midlands while the Transport Research Laboratory (TRL)
cover the Thames Valley region in the South East.
A holistic approach is taken to each OTS investigation, with vehicle safety, human factors and
highway engineering all taken into consideration. This is made possible because funding
originates from Vehicle Standards and Engineering, Road Safety Division at the DTLR and the
Highways Agency.
Data collection commenced towards the end of 2000 and will, in the first instance, continue until
June 2003, resulting in a database consisting of at least 1,500 detailed crash reports.
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Accident
Severity

OTS Regions
Combined
n

Fatal

%

GB
n

%

73

1.2

3,137

1.3

887

14.0

34,633

14.5

Slight

5,371

84.8

201,153

84.2

Total

6,331

100.0

238,923

100.0

Serious

Table 1: Numbers and percentages of road
accidents occurring in 1998 over the OTS
regions compared with national statistics,
classified by injury severity

Figure 3: The TRL Investigation
Team in action

Selection of Study Areas
Sample areas were examined and designed to ensure that the severity of road accidents occurring
within the sample areas is representative of the severity of accidents occurring nationally. A
comparison of local and national accident severity is shown in Table 1 for the VSRC and TRL
regions combined. The two areas were also chosen to ensure a representative sample of accidents
involving different road users, as shown in Figure 4.
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Figure 4: Road accident casualties occurring in
1998 over the OTS regions compared with
national statistics

Figure 5: The VSRC Team Investigating
Highway Features Involved in a Crash at Night
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Figure 6: The Region Covered by the VSRC

Figure 7: The Region Covered by the TRL

The areas chosen for the study are also within the catchment areas of hospitals that are prepared
to co-operate with the study. Ease of access to all areas of the study region was also important.
Previous trials (Morris et al., 1999b) using blue light methods of reaching crash scenes indicated
that all parts of each sample region must be reached within 15 minutes or else essential
information will be lost. This has to be possible when maximum traffic congestion occurs as well
as in quite traffic conditions at night.
OTS crash investigations must relate to national data. The results of the STAIRS project, with
which OTS is intended to be compatible, demonstrated the need to have a specified area that can
be related to the national database for all reported injury crashes. All of the accidents covered by
OTS are identifiable from details within a unique police reference number, so a clear statistical
link will be possible.
The OTS Teams
Each OTS team is made up of some six investigators including a Team Manager, Senior Officer
and a serving Police Officer. The project provides funding for both team police officers on a fulltime basis. They are highly skilled advanced police drivers with crash investigation training and
experience. The two teams also have personnel employed to provide follow-up support to the
investigation team, including a medical specialist, police liaison officer and clerical officer. Both
centres are further supported by local experts in human, vehicle and highway safety factors.
Typically, teams remain on standby for an eight hour shift period and are ready to respond
immediately to an accident notification from the local police control centre. The teams each
travel to crash scenes in their own specially marked high-conspicuity vehicle which is driven by
the police driver. The response team attending the accident consists of at least three investigators,
including the police officer.
Given that teams are not continuously on standby, it is necessary to carefully schedule shifts to
avoid any statistical bias. For this reason, the two OTS teams use a rotating system of shifts
which has been devised to ensure that each part of the day and night is equally covered by the
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shift periods. The plan also ensures that all days of the week are equally covered. Thus the total
cases investigated may be statistically weighted, at the end of the year, to provide frequency
estimates that are representative of all accidents occurring in the complete year.
The VSRC team office is located at the Nottinghamshire Police Traffic Wing in Nottingham
(Figure 6). It lies at the centre of the radial network of trunk roads so that most points on the
perimeter of the area can be reached very quickly. The TRL team office is located at the TRL
site in Crowthorne, Berkshire (Figure 7). The study region around TRL is traversed by three
motorways and the location of any accident within the catchment area can be reached rapidly.
Both team regions contain a good mix of minor and major roads; rural, urban and motorway
environments.
On-the-spot Procedure
Once the investigation team arrives at the scene of an accident, the safety of the investigation
team, emergency services personnel and the general public is the first priority. All team members
are qualified in first-aid, but to date this training has thankfully been unnecessary as ambulance
personnel are usually present at the scene before the OTS team arrive.
The serving police officer on the OTS team has a very important role on arrival at the accident
scene. It is his job to make contact with the police officer in charge of the accident scene and
brief him as to the intended activities of the investigators. After safety and protocol issues are
addressed, the team can then make contact with the various elements and people involved in the
crash in the least invasive fashion possible.
A library of some 200 OTS forms has been prepared that cover the accident eventualities and
possible vehicle, casualty and highway environments that may be encountered. The forms are
structured into three priority levels such that the investigators begin with the most volatile
information and progressively obtain as much additional information as possible, often obtaining
some less urgent information during follow-up activities on another day.

INVESTIGATIVE PROCEDURES
As the investigation proceeds, the team collects the information required by the relevant
protocols and makes video and photographic recordings of the accident scene. The vulnerable
road users are considered first, followed by “volatile” evidence on the highway such as contact
marks, trace marks and damage to road features. Vehicles are investigated with the smaller and
more mobile vehicles being examined before the heavier vehicles. Detailed measurements are
taken of the highway environment and all relevant information is recorded on a scene plan.
Finally other information of interest is captured, time and conditions permitting.
Casualties (including Pedestrians)
For all casualties, their post-impact positions, evidence of injuries and interaction with vehicles
or other highway features are noted wherever possible. For pedestrians and cyclists, details of
clothing (material properties, body regions covered and conspicuity) are also recorded.
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Vehicle Investigations
All vehicles encountered are examined regardless of type, age and occupant injury severity. Both
primary and secondary safety features on the vehicle are considered, including:
•
•
•
•
•
•
•
•

Collision avoidance systems including ABS and speed limiters;
Controls and lights: usage and condition on all vehicle types, including pedal cycles;
Defects: tyres, brakes, steering, suspension;
Crashworthiness: structures, bumpers, under-run guards (specification and fixings);
Damage assessment: full description, documentation and crash-energy calculations;
Restraint systems: seatbelt usage, airbag effectiveness, pretensioner present, child restraint
types, mounting and overall effectiveness;
Occupants: injury causation (contacts), ejection, trapping;
Loads: restraint and movement.

Highway Investigation
Details of highway layout are noted with special emphasis on safety features. Specific factors are
assessed, as listed below.
•
•
•
•
•
•

Highway layout and design;
Traffic density;
Road surface: texture, temperature, friction, contamination;
Views and sight-lines;
Signing including visibility and positioning;
Meteorological conditions: precipitation, light levels, cloud cover, visibility, wind speed,
temperature.

The local meteorological conditions are recorded in conjunction with road surface drainage and
temperature. Based on the information collected, the investigator seeks evidence of crash
causation and assesses any contributory factors on approach routes taken by each crash
participant.
The investigation teams are always alert to possible visual illusion effects, environmental
conditions, structural peculiarities, road structures and traffic control measures at the scene of an
accident. Any existing safety scheme is also appraised, where appropriate.
Finally, video recordings are made at eye level for the approach routes taken by each accident
participant including pedestrians and cyclists.
Witness Interviews
Witnesses are identified, when possible, at the scene of the accident. If they give their consent,
brief interviews are conducted immediately. Key witnesses details are then recorded permitting
more extensive interviews during follow-up investigations. Much consideration has been given
to the style and labelling of the high-conspicuity clothing worn by both teams in an attempt to
differentiate the research staff from police attending the accident scene. The choice of clothing
different from that of the police emphasises the neutral and independent stance of the
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investigators, and uniformed police officers do not interview crash participants for research
purposes. In this way it is believed that the researchers gain the confidence of the interviewees
more readily and so obtain unbiased responses to research questions.
Follow-up Investigations
A number of investigations take place in the days after the first scene visit. The highway may be
further examined during a follow-up visit, when specialist expertise may also be available.
Skidding coefficient measurements may be taken by a SCRIM machine to determine whether
road surface friction was a contributory factor. For motorcycle crashes, traffic flow exposure
data are recorded under similar traffic conditions one week later, as specified by the OECD
methodology described earlier. Highway data held by local authority engineers may also be
consulted in order to assess any previous history of crashes at the site.
Physical data recorded at the scene, including trace marks and debris locations, are used to
calculate approach speeds and trajectories. Vehicle damage assessments are also used to
calculate velocity change during impact (delta V). Finally, an analysis of avoidance speeds is
undertaken to show the maximum travel speed at which the crash could have been avoided.
Injury data are obtained from hospitals and coroners by medical officers on each team. Strict data
confidentiality procedures are rigorously observed, and permission has been granted by ethics
committees at all participating hospitals. Additional details are recorded for casualties including
age, gender, mass, stature, and any pre-existing medical conditions. Selected treatment details
are noted together with injury descriptions coded according to the Abbreviated Injury Scale
(AAAM, 1990). Anthropometric data suitable for reconstruction of pedestrian kinematics are
measured at the hospital. General clothing, including motorcycle clothing, and safety helmet
details are also studied.
A postal questionnaire is sent to selected crash participants requesting further information
concerning driving experience, familiarity with routes taken, vehicle details, injuries and other
details. Previous experience with similar procedures at VSRC and TRL has consistently given a
questionnaire return rate in excess of 60%.
For those crashes where human factors are implicated as a cause, an investigation is made to
identify the role of sensory, perceptual, cognitive and personal psychological factors. The data
are then reviewed by the human factors specialists on each team to determine key issues. In this
way it is possible to address key issues such as:
•
•
•

Vehicle design, e.g. lighting, mirrors, obstruction of vision by the A-pillar;
Road design, e.g. sight lines, lighting;
Driver experience, skill, judgement, impairment, alcohol.

A structured expert review process is used to guide and advise the interpretation of all factors in
each case. Reviews are held internally by each team, but also investigators are brought together
at regular intervals with experts from VSRC, TRL, and other participating agencies, to assess
and draw conclusions in the following areas:
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•
•
•
•
•

Contributory crash factors;
Crash prevention and remedial measures (in place or recommended, including new or future
technologies);
Relevance to current research and regulatory issues;
Feedback to investigators concerning methodology and improved practices;
Quality control.

Contributory factors are classified using methodology developed by Broughton et al. (1998).
Causes of crashes are broken down into precipitating factors (e.g. “Driver failed to avoid
pedestrian”) and contributory factors (e.g. “view obscured by glare from sun”), each coded as
“definite”, “probable” or “possible”.
Case Report Concluding Remarks
Where possible, each case report concludes by listing contributory factors and possible
countermeasures under the following headings:
•

Impacts to vehicles:
− Precipitating factors;
− Causation factors;
− Possible counter-measures.

•

Injuries to casualties:
− Causation factors;
− Possible countermeasures.

DATA MANAGEMENT
A database has been designed using MS Access to hold the data collected during an
investigation. This contains over 3,000 fields that describe highways, cars, goods vehicles, buses,
pedestrians, pedal cycles and motor cycles. Drivers, riders, passengers and their injuries may also
be described in detail.
All information recorded is completely anonymous and does not include personal details or other
information that could identify individuals or their vehicles
Data Analysis and Research
Data analyses will be possible using a variety of software packages. The database will hold over
500 cases by the end of 2001, building to at least 1500 by mid-2003. Statistical interrogations
will be done using SPSS procedures. The case files will also be rich in video and photographic
material that may be searched electronically and analysed on a case-by-case basis where
required.

THE BENEFITS OF OTS RESEARCH
OTS investigations aim to address vehicle, highway and human factors research. The following
are just some potential examples for further research using OTS data:
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•

For Vehicle Safety Systems:
− Protection for a wider range of vulnerable road users (pedestrians, cyclists and
motorcyclists);
− Advanced technologies for crash avoidance;
− Safety of luggage and loads on cars and trucks.

•

For the Highways Agency:
− Road design and layout;
− Weather conditions and road maintenance;
− Surface contamination;
− Influence of kerbs, curves and street furniture.

•

For improved countermeasures concerning:
− Alcohol, fatigue, drugs;
− Driver/rider experience, road user behaviour;
− The role of excessive speed.

It is expected that the results from the OTS Accident Investigation project will make a significant
contribution to road safety, vehicle crashworthiness and occupant protection. Future research
projects will utilise the rich new OTS database and involve many different disciplines from the
field of traffic safety. Improvements in safety will undoubtedly arise from this work and will be
seen not only in the UK but also in many other countries who will be able to benefit from the
high-quality research currently being carried out by VSRC and TRL.

WEB SITE
Further details and news items may be found at the following address:
•

www.ukots.org
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Introduction
In Finland about one third of fatal accidents are run-of the road accidents. The recent
countermeasures are replacing old lighting columns with passive safety ones and update the
type barrier. The comprehensive rebuild for roadside geometry is not on sight. The primary
measures are those which cost-benefit ratio is expected to be most effective.
The accuracy of cost-benefit analyses is highly depending of the quality of the raw data. The
raw data collection is time consummating thus there is lot of information already coded.
There is always a need to separate the accidents to smaller pieces and those pieces must be
collected from original reports by hand.
The reports do not cover all the accidents. Especially the run-of the road accidents are poorly
covered. In Finland it is approximated that 1/5 from all run-of the road injury accidents are
reported. For the fatal accidents the coverage is in practice 100 % and calculating the accident
costs the amount of fatal accidents is determinant (table 1) (Tielaitos 1999). The
countermeasures should have known accident history or good prediction of effect on
accidents.
Table 1. Average accident costs in Finland

Cost component
Fatalities
Injured
Vehicle damages
Administrative costs

Account of average accident costs (%)
64
19
16
1

The roadside structures involving injury and fatal run-of the road accidents are presented in
figure 1.

Percentage of single injury/fatal accidents

60
percentage

50
40
30
20
10

ot
he
r

ne
sto

un
de
rp
br
as
id
s
ge
su
pp
or
t

cu
t ti
ng

e
tre

ro
ck

ba
rri
n,
er
ut
ili
cr
ty
os
po
ss
le
lo
pe
,c
ul
ve
rt

co
lu
m

di
tc
h

0

Single injury accidents. Main roads of five road regions. Years 1994-96. N=787
Single fatal accidents. All roads. Years 1994-1999. N=350
Figure 1. Objects that are primary considered to be involved in single injury accidents.

Fatal Single Motor Vehicle Accidents
The Traffic Safety Committee of Insurance Companies (VALT) investigates all the fatal
motor vehicle accidents. The final reports contains literal description of the accident,
drawings and onsite photographs – in some cases also reconstruction calculations. The fatal
accidents do not represent all accidents but their weight for accident costs are high.
The estimate of the speed before the accident is seldom better than ±10%. Usually the
estimation follows the speed limit (figure 2).
The encroachment angle is calculated from the skid marks on pavement or from other marks
on the road. If the vehicle is tracking and marks could not be find, the encroachment angle is
calculated from the marks on roadside. (figure 3)
If the vehicle were tracking or nontracking before the vehicle leaves the road is evaluated by
the skid marks or the impact position on the vehicle. About half of the vehicle was track and
half nontrack.
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Figure 2. Encroachment speed distribution.
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Figure 3. Encroachment angle distribution.

The final position of vehicle is measured as a lateral and longitudinal distance from the point
the vehicle left the road pavement. The lateral distance distribution has peak values at 3
meters and 8 meters. Typically the 3 meters is the distance to the bottom of the ditch and the 8
meters is the typical clear zone distance. The distance does not depend on the speed because
no difference has made if the vehicle impact objects or not while leaving the road.
There is no relation between vehicle roll over and other studied factors. There is only minor
evidence that the risk for roll over is smaller if the driver has been unconscious before leaving
the road but same relation could not be found between roll over and tracking or notracking.
Only thing that can be said for sure is that the run-of the road accidents are not hazardous if
the vehicle don’t hit anything or roll over.
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Figure 4. Lateral distance between vehicle final position and road pavement edge.
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Figure 5. Longitudinal distance. The measuring starts from the point where vehicle centreline
crosses the pavement edge.

Full scale Impact Test

The depth of the ditch was 1,0 meter. The front slope was build to grade of 1:3 and the back
slope to the grade of 1:2. The height of the back slope was 2,0 meters to avoid unnecessary
large damages to the vehicle. And there was also need for getting information if it is possible
to avoid the vehicles to hit for example rock cuts by high back slopes. The ditc profiles are
shown in figure 6.

Figure 6. The cross sections of ditches tested.

The soil was hard clay. The slopes were very drivable. The wheels left only minor marks to
the soil.

The main interests were:
- if the vehicle crosses the ditch
- the severity of the impact compared to the road barrier
- if there is significant rolling, pitching or yawing
- what if the barrier is placed further from the road border
The impact speed was 80 or 100 km/h and the angle was 5, 10 or 20 degrees. Some of the
vehicles equipped with the steering. First connecting a weight to the side of the steering wheel
made the steering effect. The vehicle hardly reached the ditch and on the following tests the
weight replaced with radio control devices. The test matrix is presented in table 1.
With the impact angle 5° the vehicles run smoothly. Three tests were made with impact speed
about 80 km/h and the vehicles climbed up to the edge of the back slope but travelled stayed
inside the ditch. Only one test was made with impact speed 100 km/h. At this time the vehicle
again rose up the back slope but then turned back to the road across the ditch. Without the
high back slope all the vehicles except one would cross the ditch. The impact angle was lower
in that exception and the vehicle travelled along the ditch bottom. All the measured
accelerations of the vehicles were very low – there were no clear impact during the test.

Figure 7. Photograph of ditch after the first test (84 km/h, 4°°).

With the impact angle 10° the wheels of the vehicle did not yet loose the contact with the
ground. The vehicles, except those with steering effect, run over the ditch relative straight
line. Two attempts made with the remote steering. First the vehicle tried to drive back to the
road. The steering manoeuvre was made too late and was over reacted. The vehicle rolled
over. Second time the steering was more moderate and the vehicle continued smoothly along
the ditch bottom to the end of the ditch.
One test conducted with concrete barrier installed in the back slope in the height of 0,7 m
from the bottom of the ditch. The barrier redirected the vehicle but the vehicle rolled over.

At a 20° approach angle the vehicles severely hit the back slope with the right front corner.
The vehicles flew over the front slope and tires contacted the ground at the bottom of the
ditch about the same time as they hit the back slope. These resulted the two vehicles out of
three to roll over. The one that remained upright slid sideways along the back slope after the
impact. Two tests were made at the impact speed 80 km/h and one at 100 km/h. The vehicles
at higher impact speed exceeded the ditch and those at lower speed remained in ditch.
Off course the number of the test is small, but it is not easy to turn vehicle over while it is on
the track – no sliding before the impact. It managed only by high approaching angle or by
giving the vehicle “driver response”
Table 2. The impact test matrix and test results.
Test vehicle
1Peugeot 205
2Peugeot 205
3Peugeot 205
4MB 200 D
5Talbot Horizon
6Peugeot 205
7Talbot Horizon
8Peugeot 205
9Ford Fiesta
10Ford Fiesta
11MB 200 D
12Fiat Ritmo
13Peugeot 205
14Talbot Horizon
15Talbot Horizon
16Peugeot 205

weight speed angle steering
(kg) (km/h) (°)
(yes/no)
900
84
4no
900
78
3no
900 102
5,7no
1500
81
3,6no
900
82 20,0no
900
79 20,0no
900 107 19,3no
900
83
9,9no
900
81
9,0yes
900
62 10,0no
1500
82
9,7no
900
82 10,7yes
900
82 10,0yes
900 100
9,9no
900
96 10,0no
900 105 10,0no

max. height of right
wheel from ditch
bottom
ASI
roll-over snagging
(m)
(yes/no)
(yes/no)
2,0not measured no
no
0,2
0,1/1,2no
no
1,4
0,3no
no
1,6
0,1no
no
2,0not measured no
yes
2,0
0,6yes
yes
over the back slope
1,0yes
yes
over the back slope
0,4no
no
front slope, 0,5not measured no
no
over the back slope not measured no
slightly
over the back slope not measured no
no
1,2not measured yes
yes, front slope
1,3
0,1no
no
over the back slope not measured no
no
over the back slope not measured no
no
0,0
0,6yes
yes

Modelling the Run-of the Road Accidents

One program is used for modelling impacts as far (PC-crash). The program gives reasonable
results as far as the vehicle is on the track. The models response to the declination of the ditch
is not yet as quick as in real life. And if it is difficult to overturn the vehicle in full scale crash
tests it is more difficult to turnover the vehicle at simulation – it has not succeed yet with
reasonable parameters.
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Abstract
This paper intends to give a short overview of the urban traffic safety situation in Sweden. Focus will
be on what type of accidents are most common in this environment and what affects the number of
these accidents and their severity. Also the principles of the Swedish assessment models for this area
will be presented and discussed. Especially the modelling of safety on links (streets) in the network
will be addressed.
The traffic safety situation in Sweden is at the moment one of the best in the world. There are however
still a lot of casualties in traffic. The Swedish 'Vision Zero' aims at having zero dead and severely
injured in the traffic system in the long run but there's still a long way to go before the Vision Zero is
anywhere near a reality. Every year in Sweden about 500-600 people are killed in the traffic, and
approximately 4000 are severely injured1. Out of these 30% of the fatalities and 45% of the severe
injuries occur in built-up areas.
Compared with the rural environment, the urban traffic environment leads to approximately the same
amount of injuries, but only half as many fatalities. The most common urban injury-accident is a
collision between two motorised vehicles2. These accidents make up about 40% of the total amount of
injury accidents. The fatal accidents are instead dominated by motor vehicles involved in accidents
with vulnerable road users and motorised vehicles in single accidents. How can we best use this
information?
When it comes to modelling safety for the streets between intersections several problem arises. Some
of these will be discussed in this paper, for instance: 'How do we deal with small intersections which
aren't large enough to be modelled separately but instead will be included in the street-effects?',
'Which variables are the best predictors for the amount and severity of accidents?', 'What criteria's
should the models satisfy depending on what we want to use them for?'

1
2

Figures based on police-reported accidents 1996-1999.
Mopeds are included in Vulnerable Road Users instead of Motorised Vehicles.

1 Urban accidents
This section intends to give a brief overview of the safety situation in urban areas in Sweden.
The urban traffic environment, as opposed to the rural one, is characterised by lower vehicle speeds,
the presence of vulnerable road users and an overall more complex physical milieu. This gives a very
different safety situation with larger accident risks but less severe outcomes (when it comes to vehiclevehicle accidents). Out of the number of injured vehicle drivers and passengers 42% have been injured
in urban areas, but the figure for fatalities is only 20%. This indicates the strong relationship between
speed and severity. Among the vulnerable road user injuries 87% occur in urban environments but
only 58% of the fatalities. Again the speed-severity relationship is revealed.
The severe accidents in urban areas are mainly made up of single vehicle accidents and accidents
between vehicles and vulnerable road users. The high severity in the single vehicle accidents is often
caused by excessive speeds in combination with hitting a hard object standing beside the street
(SveKom 1997). Many of the single vehicle accidents also include alcohol as a contributing factor.
Accidents between vehicles and
vulnerable road users are a typical
urban problem. Approximately 90%
of these accidents take place in
urban areas. The vulnerability of the
pedestrians and bicyclists yields
severe outcomes even in low speed
collisions. Figure 1 shows the
probability of a pedestrian being
killed by getting hit by a car as a
function of the collision speed. The
figure also shows the corresponding
risks in two different types of
vehicle accidents.
Figure 1 Risk Of Being Killed As Function Of Speed And Accident
Type (SveKom 1998)

2 Explanatory variables
The number one explanatory variable for the number of accidents is the exposure. If there is no
exposure to hazardous traffic, then there are no accidents. Speed also has a strong relationship with the
number of accidents but even more so with the severity. Other variables such as different designs of
the physical environment and speed reducing measures have an influence on the accident situation, but
they mostly work indirectly through changes in exposure and/or speed.
Using the variables are not always easy as they almost always co-variate with each other, ex. when
traffic flows (exposure) go up, the speeds go down.

2.1 Exposure
The more an individual is exposed to traffic, the greater the risk of having an accident. The number of
accidents is however not completely proportional to the exposure. Ekman (1996) has showed that for
the case of bicycle accidents the risk per passage of a street is the highest when there are very few
bicyclists crossing. When the bicycle flow increases the drivers are becoming more aware of their
existence and thus being more alert of them. The exposure sometimes also has a weak connection with
the severity. When traffic flow increases the speeds go down and thus reduces the number of severe
accidents more than the slight ones (Elvik et al. 1997).

The measure of exposure varies between different situations. On streets between intersections the
vehicle accidents consist mostly of single vehicle accidents and rear end collisions. For the single
vehicle accidents the natural exposure is traffic flow/vehicle mileage, but this is not totally certain as
the amount of single accidents go down when traffic gets denser. The driver is alerted by the presence
of other vehicles and in case of an accident it might as well become a crash between two vehicles
instead of a single vehicle accident.
In other cases the exposure is dependent on two different crossing flows. In this case it is more a
question of how many encounters there are and how many of them leads to accidents.

2.2 Speed
As stated above, speed both influence the number of accidents as well as the severity. Higher speeds
give the driver less time to react in case of a hazardous situation but primarily it yields a more
dangerous situation through a heavier impact. Nilsson (2000) has showed how the risk of having an
injury accident is proportional to the speed to the power of two. The risk of having an accident with a
severe injury as consequence is proportional to the speed to the power of three and a fatal one to the
power of four.
As for exposure there are several different measures of speed. In models the speed limit is often used,
as it is easy to obtain. It also has a strong co-variance with the vehicle speed, another measure less
easily obtained. The use of speed limit vs. vehicle speed is further discussed in section 4.3.
Vehicle speeds can be measured in different ways. Apart from mean speed, different percentiles are
also used, the most common percentile being the 85-percentile. This percentile is a good descriptor of
how fast the very fast drivers (top 15%) drive. Statistically it is also a rather easy percentile to
measure. The 10-15% fastest drivers are normally driving with much more varying speeds than those
driving at the 85-percentile speed are. Thus the number of measures needed to obtain a measure with
good accuracy is much fewer for the 85-percentile than for the 90-percentile.
When measuring speeds for safety purposes the focus is often on so called 'free vehicles'. These are
vehicles either driving in the front of a queue or alone, thus deciding their own speed. The interesting
aspect of these vehicles is they are often the ones involved in accidents with crossing road users. This
is a result of the crossing road users obvious preference not to cross the street in the middle of a
passing queue of vehicles. The free vehicle speeds are normally somewhat higher than those of all
vehicles combined are.

2.3 Other variables
Most environmental variables work through either speed or exposure but there are variables more
connected to the road user and the vehicle. More crashworthy cars may reduce the severity of an
accident, just as a bicycle helmet might. Road user variables may be use of alcohol, which increase the
risk of accidents. Age is a variable both affecting risk and severity. Young and old people have a
higher risk of being involved in traffic accidents and elderly road users also have a lower tolerance for
physical violence.

3 The Swedish traffic safety model - EVA
3.1 Purpose
The Swedish effect model for traffic safety is made to calculate the socio-economic regarding traffic
safety costs for an object. These costs are then compared to other socio-economic costs, for example
the costs regarding air pollution, construction costs or costs related to traffic delays. The different
costs can make up a base for decision making whether or not to make a specific improvement in the
traffic network.
The models are primarily made to calculate the average level of accidents and outcomes of the
accidents. Since the models are working through correlated variables, they are not good at calculating
changes in accidents due to reconstruction of the environment. The characteristics of a 50 km/h street
is not something obtained simply by changing the speed limit from 70 km/h to 50 km/h. The speed
limit and environment variables of the model include much more than the explicit change. And a
change in speed limit need not change these other variables.
An average number of accidents and injured is calculated for each street or intersection studied. When
studying a single street or intersection the accident history may also be weighed together with the
modelled number of accidents, thus forming something called 'adjusted' number of accidents. This is
normally not done when modelling larger areas, and then the calculated number of accidents is used
without adjustment for accident history.

3.2 Structure
For the above purpose different models have been constructed for different element types. The
elements are divided into intersections and links. A link is a street but may also contain smaller
intersections with a secondary flow of less than 1000 vehicles per average day of the year. These
intersections are thus not modelled as intersections, but the accidents are included in the accidents of
the streets.
The models for accidents are also divided into three different categories based on which type of road
users are involved in the accident:
• accidents with only vehicles3 involved
• accidents between vehicles and bicyclists
• accidents between vehicles and pedestrians
Vulnerable road users' single accidents are categorised as Miscellaneous and included in vehicle
accidents. (!)

3.3 Models for links
Vehicle accidents
For different types of links the average number of accidents per million vehicle kilometres have been
calculated. The links are divided into the following categories:
Speed limit
For urban areas the speed limits in the models are 50 km/h and 70 km/h. In latter
years the speed limit 30 km/h has been introduced more and more, but has not yet
been introduced into the models.
Function
Thoroughfare/entrance route, Tangential, City
Environment
Outer, Middle, Centre
Table 1 shows the average number of accidents for the different types of links. Also the severity is
shown.
3

Vehicles here means motorised vehicles except mopeds, the latter are included in bicyclists

Speed
limit

Link
type
GIF

50

Tang
City
GIF

70
Tang

Environ- Accidents per million Number of injured per
ment
vehicle km
accident
Y
M
C
Y
M
C
M
C
Y
M
Y
M

0,48
0,56
0,64
0,40
0,48
0,56
0,48
0,64
0,32
0,40
0,22
0,29

0,37
0,36
0,35
0,27
0,26
0,25
0,25
0,24
0,50
0,49
0,35
0,34

Table 1 Average Number Of Accidents And Severity On Urban Links (GIF = Thoroughfare And
Entrance Route, Tang = Tangential Street, City = City Centre Street; Y = Outer, M = Middle, C =
Centre), (Johansson 2001)

Vehicle - vulnerable road user accidents
The number of accidents involving vulnerable road users and vehicles on links are calculated as a
percentage of the number of vehicle-only accidents. This percentage varies depending on link type,
environment and speed limit. Specific solutions for a certain type of road users are however only
included as a percentage reduction in case of separation of traffic flows. Other physical measures are
not taken into account. The models don't involve any measure of exposure for the vulnerable road
users. The variation of the percentage of vehicle-accidents, dependent on environment, link type and
speed limit, however work as a rough substitute.

3.4 Intersection models
The effect models for urban intersections have been developed by Brüde & Larsson (1992). The
exposure for both vehicles and vulnerable road users are based on the total number of
incoming/passing road users. For vehicle accidents the type of intersection, number of arms and the
speed limit influences the accident risk. The accident risk is also dependent on the amount of incoming
vehicles as well as how big the secondary flows are. An example of a formula for number of accidents
is shown in Formula 1.
Vehicle accidents per year = 0,00000493 × TOT 1, 45 × AND 0 , 6
Formula 1 Number Of Accidents In Four-Arm Stop/Yield Intersections With The Speed Limit 50 Km/h,
TOT = Total Amount Of Incoming Vehicles, AND = Part Of The Flow Coming From Secondary Streets

Like in the models for links, the models for vulnerable road user accidents in intersections are less
sophisticated than those for vehicle accidents. This is mainly because of lack of accident data. The
intersection models for vulnerable road users don't take into account type of intersection or number of
arms, nor speed limit. The only influencing variables are the total number of incoming vehicles and
vulnerable road users. Often standard numbers of vulnerable road users are being used, as real
numbers aren't available. The formulas for pedestrian and bicycle accidents are shown in Formula 2
and Formula 3.

Pedestrian accidents per year = 0,00000734 × TOT 0,50 × PED 0 ,72
Formula 2 Number Of Pedestrian Accidents In Intersections Per Year As Function Of Total Amount Of
Incoming Vehicles (TOT) And Total Amount Of Passing Pedestrians (PED) (Annual Daily Traffic)

Bicycle accidents per year = 0,0000180 × TOT 0 ,52 × BIKE 0 ,65
Formula 3 Number Of Bicycle Accidents In Intersections Per Year As Function Of Total Amount Of
Incoming Vehicles (TOT) And Total Amount Of Passing Bicyclists (BIKE) (Annual Daily Traffic)

4 Possible improvements of the models
This section discusses possible improvements to today's safety effect models for urban areas.

4.1 Exposure
Traditionally exposure is measured as vehicle mileage or total amount of incoming vehicles
(intersections). An alternative to this would be to put more focus on how many encounters there are in
the traffic system. From this point of view the next step would be to calculate how many of these
encounters lead to accidents. Encounters are however not a very good measure for exposure to all kind
of accidents. Single vehicle accidents are non-dependant on encounters, and in that case vehicle
mileage work quite nicely. A rear end collision is another accident type that needs a different approach
than encounters. Both the own presence and the presence of another vehicle are needed for this type of
accident, but encounters is not a good approach.
A big disadvantage with the encounter-approach is the need for measures of secondary flows. Most
often only the large streets are frequently having their traffic flow measured. The advantage of the
approach is a more naturalistic model that resembles the actual system better.
Encounters may also be linked to traffic conflicts (Hydén 1987) as a means to assess the number of
accidents, and some of the thoughts above are related to recent work on the Swedish Traffic Conflict
Technique at the department of Technology and Society at Lund University (Svensson 1998, Shbeeb
2000).
Another exposure issue is that of vulnerable road users. In today's models the exposure of vulnerable
road users is only taken into account in the models of intersections. At links (and thus minor
intersections) the number of accidents with vulnerable road users are only calculated as a percentage
of the number of vehicle accidents. New models must take into account the exposure of vulnerable
road users. For this to be possible new ways of measuring the exposure of vulnerable road users must
be developed.

4.2 Accident categories
Today's Swedish effect models for safety in urban areas treats accidents separately for different types
of road users involved. The division used is rough, and some accident categories include basically
different accident types with widely different characteristics. The accidents are being categorised
according to the most vulnerable road user involved (Pedestrian-Biker-Motorist).
Today's accident categories:
• Vehicle accident
• Bicycle and moped accident
• Pedestrian accident
Vehicle accidents include both single vehicle accidents and vehicle-vehicle accidents. These two
categories have quite different characteristics. Another omission of the models is vulnerable road users
single accidents that are categorised as 'Miscellaneous' and thus included among the vehicle accidents.
The bicycle and pedestrian accidents of the models only include such accidents including also a
vehicle. The large under-reporting of accidents with only vulnerable road users involved therefore isn't
where it should be in the models. Instead a special compensation is made on a higher level. Indirectly
this structure produce a situation where an improvement of the models concerning the vulnerable road
users also leads to a need for working with the models for vehicle accidents, since it's among those the
single vulnerable road user accidents are located.
In the models for links, the vulnerable road users are being unfairly treated. The number of accidents
is calculated as a percentage of the number of vehicle accidents. Thereby all three categories of
accidents follow the same patterns. The only difference is some variation of the percentage between

different environments. There are indirect ways to take into account separation of vulnerable road
users from the motorised traffic, the number of accidents is reduced with a percentage estimated from
the degree of separation. Apart from this no concern can be taken to the fact that different designs of
the physical environment can work very differently on the safety of different categories of road users.
There may be a benefit in dividing the accident categories into smaller categories than is made today.
The more homogenous the categories are, the better the fit of the models to the systematic variation
ought to be. If several different types of accidents, with different mechanisms, are aggregated into the
same accident category, the fit should be less accurate. A more accurate categorisation would also
yield a better understanding among the users for the effects of different variables on different types of
accidents, as the models would be more natural. A very serious problem with making this more precise
categorisation is the lack of data. In order to make smaller categories more data is needed to calibrate
the models, and this is a problem already in today's models.
An example of too large aggregation is the aggregation of single vehicle accidents and vehicle-vehicle
accidents. They differ significantly from each other, both concerning measures of exposure and
consequences. The risk is also incomparable, as the measures of exposure are so different. Many
physical designs are such that they only work on a single type of accidents. Therefore it is important to
make a more detailed categorisation. An example of this is roadside barriers and to clear away hard
and thin objects along the side of the streets. These measures have great influence on the number of
single vehicle accidents, but very small on vehicle-vehicle accidents.
The exposure for single vehicle accidents is based on a road users' mileage, while accidents with
several vehicles involved base their exposure on the meeting of different road users. Simplified the
exposure in case of single vehicle accidents is based on one traffic flow, while exposure in case of
multi vehicle accidents is based on several flows.
The outcomes for the two different accident types differ significantly. In urban areas accident with
more than one vehicle involved usually leads to rather light injuries, while single vehicle accidents
tend to yield more severe injuries (Table 2). One probably cause to this is the combination of high
speeds and collisions with hard and thin obstacles characterising the single vehicle accidents.
Number of injured vehicle occupants in urban areas (1996-1999)
Accident type
Lightly injured
Severely injured
Vehicle - Single
3834 (77%)
935 (19%)
Vehicle - Vehicle
19851 (90%)
2141 (9,5%)

Killed
197 (4%)
119 (0,5%)

Table 2 Number Of Injured Vehicle Occupants In Urban Areas 1996-1999, Arranged By Degree Of
Injury (Trafikskador 1996-1999)

New categories
Because of the large differences within some of today's accident categories a new division is proposed.
In order to approach the problem without prejudice all possible combinations of road users have been
listed in * Single pedestrian accidents are not categorised as traffic accidents in today's police reports. The
attitude is however shifting and this type of accident may soon be categorised as traffic accidents.

Table 3.
Vehicle
Moped
Bicyclist
Pedestrian

Vehicle
X

Moped
X
X

Bicyclist
X
X
X

Pedestrian
X
X
X

Single
X
X
X
*

* Single pedestrian accidents are not categorised as traffic accidents in today's police reports. The attitude is
however shifting and this type of accident may soon be categorised as traffic accidents.
Table 3 Possible Accident Categories Arranged By Road User Categories

To simplify the above, the following assumption is made:
• Bicyclists and mopedists may be aggregated to one category (this aggregation is already made in
today's models). In traffic they are approximately under the same conditions for moving around.
The mopedists move with some greater speeds, but not significantly (most Swedish mopeds have a
maximum speed of 30 km/h). Mopedists wear helmets to a greater extent.
After the above assumption the number of accident categories have decreased to six, see Table 4
below. These accident categories can subsequently be used when making new models and when
studying which variables affect different types of accidents. Single pedestrian accidents are not viewed
as traffic accidents in today's models and police reports. The attitudes have however shifted with time,
and new accident databases (Berntman & Modén 2000) based also on hospital records might shift the
attitudes further towards viewing single pedestrian accidents as traffic accidents, and a large problem
at that.

Vehicle
Bicycle/Moped
Pedestrian

Vehicle
X

Bicycle/Moped
X

Pedestrian
X
X

Single
X
X
*

* Single pedestrian accidents are not categorised as traffic accidents in today's police reports. The attitude is
however shifting and this type of accident may soon be categorised as traffic accidents.
Table 4 Accident Categories After Aggregation

To give a picture of the accident situation today some accident statistics for different accident types
are presented in Table 5.
Number of accidents in urban areas (1996-1999)
Type of accident
LI+SI+D
Vehicle - Single
3904
Vehicle - Vehicle
14197
Vehicle - Bicycle/Moped
12370
Vehicle - Pedestrian
2618
Bicycle/Moped - Vulnerable/Single
1799
Others (animal/tractor/other vehicles. etc.)
690
Total
35578

SI+D
950
1686
2974
682
375
161
6828

F
188
115
265
38
8
17
631

Table 5 Number Of Accident With Personal Injuries In Urban Areas, Divided Into Different Types Of
Accidents, LI=Accident With Slight Injury, SI=Severe Injury, F=Fatal (Trafikskador 1996-1999)

4.3 Speed limit or vehicle speed
Which is the best variable for predicting the number of accidents, the speed limit or the 'true' vehicle
speed. The speed limit is co-variant with a lot of other variables but so is the vehicle speed. They also
have a strong co-variant relationship between each other. Today's models use the speed limit, most
probably out of simplicity reasons. The speed limit is easily accessible while vehicle speeds have to be
measured, modelled or otherwise assessed. The vehicle speeds on the other hand offer a more precise
and continuous measure of speed. Within different street environments with the same speed limit the
vehicle speeds and the design of the environment may vary significantly.
Vehicle speeds should be a more precise predictor of accident risk. But are they so much better that it
is worth using them in spite of the extra work needed to obtain them? This is a trade-off situation that
has to be examined thoroughly when designing new models.
When it comes to vehicle speed vs. speed limit in modelling the severity of accidents, vehicle speeds
get the upper hand. Although they are harder to obtain, the outcome of an accident is so strongly

connected to vehicle speed that it's hard to justify using the speed limit. Small differences in speeds
result in big differences in severity, as the relationship is exponential (Nilsson 2000).
The present models for links yield more accidents at low speeds than at high speeds. This is the result
of the co-variance of speed and other variables such as the complexity of the environment. Lower
speeds actually bring fewer accidents if everything else is kept constant (Nilsson 2000), but that is
never the case in real traffic systems. Where there are low speeds the environment is normally more
complex. An example is the larger number of minor intersections and small exit roads. The differences
in accident rates for today's models are listed in Table 6.
Type of link

thoroughfare/entrance route
tangential

Difference in accident risk at the speed limit 70
km/h as compared to 50 km/h
Middle area
Outer area
-29%
-33%
-46%
-40%

Table 6 Differences In Accident Risks For The Speed Limits 50 And 70 Km/H In Urban Areas

As can be seen there are fewer link-accidents at the speed limit 70 km/h than at 50 km/h. Which are
the variables resulting in this reversed result? If any measure of speed should be used in a more causal
model, those variables must be identified and dealt with in the models. Probable variables are number
of exits, minor intersections and street width. Another complex co-variance is the individual drivers'
usage of speed as compensatory mean of reducing risk in perceived dangerous situations.

4.4 Minor intersections
If an intersections' secondary streets have an annual daily traffic of less than 1000 vehicles, then the
intersection is not modelled separately. It is instead categorised as a minor intersection and the
accidents are included in the models for the link it's located on. Many of the modelled link-accidents
are in fact accidents taking place in these minor intersections. Therefor it is of great importance to
have good models for taking into account these minor intersections.
Data are often sparse for the minor intersections. Therefore it may be difficult taking them into
account in a good way. If the information is available, the number and type of intersections should be
used. Other useful data are the data associated with the link, for example traffic flow and
environmental descriptors.

4.5 Segmentation
In the effect models accident in intersection and on streets are modelled separately, but where does
one draw the line between the two? If an accident take place 20 meters from an intersection but is
caused by queues (rear end collision) in the intersection, is it then an intersection-accident or a streetaccident? The police accident reports which the models are based upon would probably classify it as
an intersection-accident, but in other cases the border between the two might not be as easy to
distinguish. Segmentation is not only about where to draw the line between intersection and street. It is
also a question of how to divide a long inhomogeneous into shorter homogeneous segments to be able
to model the safety situation correctly.
Another related problem is the difficulty of stating the position of an accident correctly. A policeman
probably has a preference to state an intersection instead of a street as the place of an accident because
the intersection is much easier to locate.
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Introduction
“Art is the imposing of a pattern on experience, and our aesthetic
enjoyment in recognition of the pattern.” (Alfred North Whitehead, 1953)
Over the last 50 years of modern road building it was somehow implied that transportation engineering
professionals will always know how to treat a high accident location once it has been identified, when in
reality very little is known on the subject. There is no established course of instruction at the graduate level
civil engineering curriculum that provides a definitive methodology on how to relate accident causality to
the roadway environment. There is also very little reliable information on this subject in research literature.
Most research efforts are focused on the development of accident prediction models and identification of
"black spots".
In the field of medicine, physicians are expected to spend a minimum of 3 years in apprenticeship after
graduation from Medical School. During the periods of internship and residency, physicians learn how to
recognize diseases as well as how to treat them. In contrast to medicine, transportation engineers are only
trained in administering treatment (i.e. designing road safety improvements) without learning the science
of diagnostics.
This sorry state of affairs is best expressed by (Hauer, 1996) ”If the site has been identified because its
accident record is unusual, one has also to find out why. Thus, the detailed safety analysis stage is akin to
a process of medical diagnosis, with perhaps a keener awareness of costs and budgets, a process requiring
knowledge of causes, effects, and economics. One might expect that this task would be performed by
specialists whose training in this matter is extensive and based on knowledge of fact. Unfortunately, this
is not so. For some reason, perhaps because of a fascination with matters statistical or perhaps because it
is a headquarters function, a great deal of thought has been devoted to the identification stage. Much less
has been written about, or taught to engineers, how to conduct a detailed safety analysis of a site. Yet, not
common sense, practical experience, engineering judgement, or the usual highway and traffic engineering
lore is a sufficient guide. To be effective, it is not enough to produce reasonable lists of candidate sites to
be investigated in the order of priority. It is also necessary to equip the engineer with the training and the
tools to make a safety diagnosis on the basis of the specific kinds of accidents that have occurred, the
conditions in which they occurred, and the characteristics of the site. Furthermore, it is necessary to give
the engineer realistic estimates of what safety improvements can be expected. This, at present is a tall order.”
Once again we will turn to the field of medicine for the conceptual and methodological guidance on how to
formulate a solution and also observe an interesting analogy.
In the United States, the initial impetus for developing a classification of mental disorders was the need to
collect statistical information. In 1917, the Committee on Statistics of the American Psychiatric Association,
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together with the National Commission on Mental Hygiene, formulated a plan that was adopted by the
Bureau of the Census for gathering uniform statistics across mental hospitals.
In 1952 the American Psychiatric Association (APA, 1952) developed an authoritative guide on diagnostics
of mental disorders called “Diagnostic and Statistical Manual of Mental Disorders (DSM-1)”. In part
because of the lack of widespread acceptance of the mental disorder diagnostic categories the World Health
Organization (WHO) sponsored a comprehensive review of diagnostic issues that was conducted by the
British psychiatrist Stengel. According to the American Psychiatric Association (APA, 1994) “His report
can be credited with having inspired many of the recent advances in diagnostic methodology-most especially
the need for explicit definitions as a means of promoting reliable clinical diagnosis” Since 1952 there have
been three more editions of DSM. Over the last half a century thousands of psychiatrists systematically
collected data to advance diagnostic methodology. In contrast to medicine, no such undertaking by the
transportation engineering profession has taken place. In highway safety, just like in medicine there can be
no effective treatment without accurate diagnosis.
In the fourth edition of the Diagnostic and Statistical Manual of Mental Disorders, DSM-4 (APA,1994) the
American Psychiatric Association (APA) cautions that “The diagnostic categories, criteria, and textual
descriptions are meant to be employed by individuals with appropriate clinical training and experience in
diagnosis. It is important that DSM-IV not be applied mechanically by untrained individuals. The specific
diagnostic criteria included in DSM-IV are meant to serve as guidelines to be informed by clinical
judgement and are not meant to be used in a cookbook fashion.” Furthermore APA cautions that “The proper
use of these criteria requires specialized clinical training that provides both a body of knowledge and clinical
skills”. A similar caution is relevant to the practice of transportation engineering, yet at present a very
limited factual knowledge base exists to assist transportation professionals in making diagnostic decisions.
In the course of the in-depth project level safety assessments of hundreds of locations a new methodology
was developed to provide guidance in diagnostics of safety problems and developing appropriate countermeasures. The data-set was compiled using accident and traffic data for different classes of roads and
intersections over a period of 14 years. A framework of 84 normative parameters was developed to provide
guidance in the diagnostics of accident causality and recognition of accident patterns. Considering that
traffic accidents can be viewed as random Bernoulli trials it is possible to detect deviation from the statistical
process by computing cumulative probability for each of the 84 normative parameters. Detection of an
accident pattern at an intersection suggests a presence of an element or elements in the roadway environment
which triggered a deviation from a random statistical process in the direction of reduced safety.
Identification of such an element always provides a critical clue to accident causality. The diagnostics
process of highway safety problems on a section of road is in many ways similar to making a medical
diagnosis. While diagnostics is an integral part of medicine, much remains to be done by the transportation
engineering profession in order to institutionalize this important component of highway safety.

Direct Diagnostics of Safety Problems
Over-representation in the number of accidents above the expected or normal threshold predicted by the
Safety Performance Function is only one of many indicators of a potential for accident reduction. (And it
appears that it may not be the best one). Accident type, severity, road condition, spatial distribution of
accidents and lighting conditions are only few of the many important symptoms of the accident problem.
Furthermore, in many cases, factors other then over-representation in frequency are better predictors of
susceptibility to corrective counter-measures. It is difficult to determine a specific form for the distribution
of accidents, therefore the problem lends itself well to a non-parametric approach, which does not require
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assumptions about the shape of the underlying distribution. Accident occurrence as a process can be thought
of as a sequence of Bernoulli trials where the following holds true:
•

There are only two outcomes at each trial or observation-accident of a specific type has or has not
occurred.
• The probability of “success” is the same foreach trial-the probability of occurrence of a specific
accident related event, overturning for instance, is the same every time anytime accident occurred.
• The trials are independent-each accident is completely independent from the previous or the following
one.
• There are a finite number of trials.

The following terminology can be adapted to provide analytical framework of the pattern recognition through
direct diagnostics in accident occurrence.
• SFi - Denotes a specific Safety Performance Function representing roadway segment or an intersection.
• Xai [Xa1, Xa2............Xan] - Represents a feature vector comprised of accident listing of the roadway
segment directionally arranged in relation to roadway reference system, or reflecting an accident listing
at an intersection.
• P(SFi) - The probability that we are presented with a Safety Performance function i.
• P(Nai/SFi) - The probability that Nai accidents of specific type would be observed given a Safety
Performance Function Sfi.
• Pi - The probability of observing a specific accident type during each accident event.
• P(SFi/Nai) - The a posteriori probability that we are presented with a Safety Performance Function Sfi
given a feature vector Xai, containing Nai accidents of specific type.
Assume that feature vector Xai represents a sample of accident history drawn from a roadway facility
represented by a safety performance function SFi. The probability that exactly Nai accidents of a specific
type will be observed out of total of Nti accidents is given by the binomial distribution:
Xai

∈SFi ∴P(Nai,Nti,Pi) = 

 Pi Nai(1 − Pi ) Nti− Nai
Nai
Nti

where Nai = 0, 1, 2 .....................n accidents, and

 N ti 
Nti !
 =
 N ai  ( Nti − Nai )!Nai !
The probability that Nai or fewer accident will be observed out of Nti Bernoulli trials can be computed as
follows:
Nai

P( X ≤ Nai, Nti; Pi ) = ∑
i= 0

Nti !
i
Pi (1 − Pi ) Nti− i
( Nti − i )!i !

The probability that Nai or more accidents will be observed is expressed as:

P( X ≥ Nai, Nti; Pi ) = 1 − P[ X ≤ ( Nai − 1)] =
3

=1−

Nai − 1

Nti !

∑ ( Nti − i )!i P!(1 − P )
i

i

Nti − i

i

i= 0

If → P( X ≥ Nai , Nti; Pi ) ≤ Pcr
Where Pcr is some established threshold for making a classification decision, then the feature vector Xai
[Xa1,Xa2.................Xan] is classified as not belonging to a specific Safety Performance Function SFi. In
terms of accident analysis it means that a roadway segment or junction which generated Xai
[Xa1,Xa2.................Xan] contains an element which triggers deviation from a random statistical process in
the direction of reduced safety.

Application of Direct Diagnostics Methodology to a Roadway Segment
Let’s select a roadway segment in the rural mountainous area and conduct a diagnostic examination of
accident causality. Throughout the examination we will draw frequent parallels to making a medical
diagnosis in order to illustrate many similarities which exist between the two processes.

Figure 1
The selected site is located on a 2-lane mountainous road in south-western Colorado. Figure 1 presents a
Safety Performance Function graph calibrated for these facilities and Table 1 contains normative values
endemic of 2-lane mountainous roads. The selected site is approximately 3 mile long, it is located between
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mile posts 196.00 and 198.99 on highway 50. This roadway segment carries 2,200 cars per day and
experienced approximately 5.5 accidents per mile per year over the last 3 years. There are no intersections
or access points within study limits. The accident frequency at this location is plotted on the SPF graph
presented on Figure 2. As can be seen from the graph, the accident frequency observed at the site is
significantly worse than expected of this facility carrying 2,200 cars per day. At this point of the diagnostic
process all we know is that the site experiences more accidents than expected, but nothing is yet known as
to why.
A medical analogy to this situation would be a patient with a body temperature of 104 degrees without any
explanation as to why the body temperature is so high. Obviously, there is a compelling need to examine
the patient further.
Let’s examine the accident type distribution profile observed on the study segment over the last three (3)
years. As can be seen from Figure 2, the most frequent accident type is a fixed object collision. Fixed
object collisions represent 54% of the total. This appears somewhat higher than expected norm of 39%
(Table 1) typical of a 2-lane mountainous road in the rural environment. Let’s apply direct diagnostics test
considering the following accident history: 51 total accidents, 28 fixed object collisions.
x

P( X ≤ x ) = ∑
i=0

n!
p i (1 − p ) n − i
( n − i )!i !

P( X ≥ 28 ) = 1 − P( X ≤ 27 )
27

P( X ≥ 28 ) = 1 − ∑
i= 0

51!
0.39 i (1 − 0.39 ) 51− i =
(51 − i )!i !

= 0.015
The result of the direct diagnostics test for fixed object collisions suggests that there is something in the
roadway environment, which triggers deviation from the random process of accident occurrence in the
direction of reduced safety. More specifically, it triggers fixed object collisions. As of yet we don’t know
what it is.
In terms of making a medical diagnosis, this situation can probably be compared to a blood test, which
shows that a white blood cell count is significantly elevated. Elevated count of white blood cells is generally
associated with some form of infection . What form of infection it is, bacterial or viral, is not known at this
point of the diagnostic process.
Let’s now return to the study segment and examine it for the concentrations of fixed object accidents. Figure
3 contains a cumulative graph of fixed object collisions throughout the study area. It reveals two apparent
accident clusters, one between mile posts 196-196.5 and the other between mile posts 197.5-197.8. Let’s
apply a direct diagnostics methodology to the cluster areas to test for the presence of accident patterns.
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Figure 3. Cumulative Graph of Fixed Object Collisions in The Study Area
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Rural Mountainous 2-Lane Un-Divided Highway
Description
Accidents
PDO
INJ
FAT
Single Vehicle Accidents
Two Vehicle Accidents
Three or more Vehicle Accident
Unknown Number of Vehicles
On Road
Off Road Left
Off Road Right
Off Road at Tee
Off Road in Median
Unknown Road Location
Overturning
Other Non Collision
All Other Pedestrians
Broadside
Head On
Rear End
Sideswipe (Same Direction)
Sideswipe (Opposite Direction)
Approach Turn
Overtaking Turn
Parked Motor Vehicle
Railway Vehicle
Bicycle
Motorized Bicycle
Domestic Animal
Wild Animal
Total Fixed Objects
Total Other Objects
Daylight
Dawn or Dusk
Dark - Lighted
Dark - Unlighted
Unknown Lighting
No Adverse Weather
Rain
Snow or Sleet or Hail
Fog
Dust
Wind
Unknown Weather
Dry Road
Wet Road
Muddy Road
Snowy Road
Icy Road
Slushy Road
Foreign Material Road
With Road Treatment
Unknown Road Condition

6,143
4,186
204
8,009
2,235
284
5
4,086
2,572
3,858
5
1
11
2,345
225
16
73
473
754
146
488
97
149
113
1
24
1
118
1,015
4,124
363
6,071
556
147
3,603
156
7,816
414
2,015
28
1
101
158
6,221
724
10
735
1,942
382
29
108
382
10,533

Total Accidents:

Table 1. Normative Values of Various Accident Characteristics
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Percent
58.32%
39.74%
1.94%
76.04%
21.22%
2.70%
0.05%
38.79%
24.42%
36.63%
0.05%
0.01%
0.10%
22.26%
2.14%
0.17%
0.69%
4.49%
7.16%
1.39%
4.63%
0.92%
1.41%
1.07%
0.01%
0.23%
0.01%
1.12%
9.64%
39.15%
3.45%
57.64%
5.28%
1.40%
34.21%
1.48%
74.20%
3.93%
19.13%
0.27%
0.01%
0.96%
1.50%
59.06%
6.87%
0.09%
6.98%
18.44%
3.63%
0.28%
1.03%
3.63%

100.00%

100.00%

100.00%

100.00%

100.00%

100.00%

100.00%

Cluster 1, MP 196.00-196.50
• Total accidents-11
• Fixed Object Collisions-8

P( X ≥ 8,11;0.39) = 1 − P( X ≤ 7,11;0.39) =
7

=1− ∑
i=0

11!
0.39 i (1 − 0.39)11− i =
(11 − i )!i !

= 0.025 ≤ Pα = 0.05 → ∆1 ( Cluster1) ∉SFi ( 2 − lane − mountainous )

Cluster 2, MP 197.50-198.00
• Total Accidents-10
• Fixed Object Collisions-9

P( X ≥ 9,10;0.39 ) = 1 − P( X ≤ 8,10;0.39 ) =
8

=1− ∑
i=0

10 !
0.39 i (1 − 0.39 )10 −i =
(10 − i )!i !

= 0.0014 ≤ Pα = 0.05 → ∆ 2 ( Cluster 2 ) ∉ SFi ( 2 − lane − mountainous )
Direct diagnostics tests confirmed existence of a strong pattern of fixed object collisions at both locations.
It is of interest to note that despite the fact that this site is located within the mountain pass zone (5 miles
from the summit) the percentage of weather and road conditions related accidents is well within expected
range.
Returning to the analogy of making a medical diagnosis a similar situation may be approximated as follows:
After physical examination of the patient the doctor observed swollen glands confined only to certain areas
of the body.
We can now conclude that higher than expected accident frequency reflected in the SPF analysis can be
attributed to the presence of two sizable accident clusters of fixed object collisions. These clusters are
located between MP 196.00-196.50 and MP 197.50-198.00. Let’s take a closer look at the accidents within
clusters and try to identify additional common characteristics among them. Filtering of accidents by
direction revealed that all fixed object collisions in both clusters occurred while traveling in the westbound
direction. Both accident clusters are contained within horizontal curves situated on the downgrade in the
westbound direction. Review of the existing plans indicated that design speed of horizontal curves
containing accident clusters is only 30 mile per hour. Both curves are preceded by long segments of mild
horizontal curvature situated on the steep vertical grade. All of this information is presented on Figure 4.
A combination of steep grades, sharp horizontal curvature and long tangents or segments of mild curvature
preceding the curves are known to be associated with loss of control on the curves, which result in accidents.
This type of problem is generally addressed through a combination of additional signing with flashing
beacons, super-elevation correction and the installation of guardrail around the curves.
9

Revisiting our medical analogy the situation can be approximated as follows: In addition to high body
temperature, elevated count of white blood cells in the blood and swelling of glands the patient complained
of frequently feeling fatigued. This combination of symptoms is strongly associated with infectious
mononucleosis, which is a form of viral infection. The test for presence of anti-bodies came up positive,
which led to a conclusive diagnosis of infectious mononucleosis.
Let’s review the sequence of diagnostic investigation of the roadway segment.
•
•
•
•

SPF analysis indicates very high accident frequency for the amount of traffic.
Accident distribution profile shows higher then expected % of fixed object collisions.
Direct diagnostics test suggests that the deviation from the norm is significant.
Cumulative accident concentrations graph of fixed object accidents revealed areas of accident
concentrations. Applications of direct diagnostics test confirmed the presence of the accident patterns.
• Filtering accidents by direction revealed that all accidents within clusters occurred in the westbound
direction only.
• Review of as-constructed plans provided additional information on the horizontal and vertical
alignment, specifically that accident clusters are contained within horizontal curves situated on steep
grades and preceded by long segments of tangents or mild curvature.

Summary
The use of Safety Performance Functions (SPF) helps us to identify locations with potential for accident
reduction. SPF provide no information, however, related to the nature of the accident occurrence, it only
speaks to the magnitude of the problem. Without being able to properly and systematically relate accident
frequency and severity to roadway geometrics, traffic control devices, roadside features, roadway condition,
driver behavior or vehicle type it is not possible to develop effective counter-measures. In other words,
there can be no effective treatment without accurate diagnosis. Detection of accident patterns on a section
of road suggests a presence of an element or elements in the roadway environment which triggered a
deviation from a random statistical process in the direction of reduced safety. Identification of such an
element always provides a critical clue to accident causality. In many cases the expected or normal
proportion of accidents is counterintuitive, which further emphasizes the need for the creation of framework
of diagnostic norms for various types of roads.

10

Figure 4. Horizontal Alignment and Accident Concentrations
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ABSTRACT
Objective: To evaluate the risk factors and in-patient cost of traffic injury
Setting: The Kenyatta National Hospital (KNH)
Design: Prospective consecutive case study
Patients and Methods: A total of 233 crash victims, 134 non-traffic trauma patients and
87 non-trauma patients admitted to the surgical units between February, 1st 1999 and
April,30th,1999 were enrolled. Information on age, gender and occupation of the patients,
payer category, alcohol use, length of hospital stay, hospital cost and principal region of
injury were gathered through patient interviews and review of case notes, operation notes,
treatment records and discharge summaries. Data analysis was performed using SPSSversion 9.0 statistical software.
Results: Road trauma admissions comprised about 31% of all admissions due to injury,
15.1% of surgical admissions and 4.5% of emergency hospital admissions. The male sex,
occupation status and regular use of alcohol appeared to be significant risk factors for
injury occurrence. Injury occurrence showed no correlation with age and marital status.
The respective hospital costs for non-RTA trauma and non-trauma patients were 2.2 and
1.9 times higher as compared to RTA trauma patients. The capacity of the injured to
compensate for the care given was minimal. In only 6% of the RTA patients was the
hospital bill cleared through a health insurance agency or medical scheme.
Conclusions: Road traffic injury is common, costly, places considerable workload to the
hospital and preferentially occurs in productive males. It is suggested that the current
orientation of trauma care delivery cannot be sustained. Cost containment strategies
including the re-examination of the national health insurance scheme may be the way
forward to reduce the cost of injury.
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INTRODUCTION
Injuries due to traffic form a significant portion of the global trauma burden and is a
leading cause of deaths in the young (1,2,3). Unintentional trauma forms 61% of all
injury deaths and out of these, motor vehicle crashes are responsible for over 50% (1).
In Kenya, casualties of vehicular injuries comprise 45-60% of all admissions in surgical
wards and up to 75% in the National Spinal Injury Hospital (4). The incidence of road
trauma on Kenya roads is 12,745 accidents per year (5). Majority of these road crash
survivors are handled by public hospitals whose basic medical supplies for management
of trauma are largely unavailable (6). Considering that the fatality associated with these
vehicular crashes is reported to have increased five-fold over the last 30 years (7), the
burden it places on the casualties, their families, the hospitals, vehicle insurance
companies and the nation at large is immense. According to estimates in 1984, the
annual economic cost of RTA was Kenya shillings (KSh.) 1.5 billion, an equivalent of
1.6% of the country's GNP per annum. By 1989, the cost had risen to 2.9 billion or 3.6%
of the GNP (8,9). The current estimate is 4 billion shillings.
.
Tragically, trauma mainly afflicts the young leading to high disability besides loss of
productivity and income. The colossal cost does not spare the taxpayer as often the
injured is either uninsured or underinsured. Kenya, like other developing nations, can illafford this cost. The best hope in stemming the escalating trauma cost is in trauma
prevention. Data on injury burden and circumstances are a necessary prerequisite for
establishing appropriate prevention programs.
This study sought to describe the exposure factors for traffic injury and quantify it's
relative cost burden.
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PATIENTS AND METHODS
Setting: The study was conducted at the 1,500 - bed Kenyatta National Hospital (KNH)
which also serves as the main teaching hospital in the country. The study was approved
by the University of Nairobi & the KNH Research and Ethics Committee.
Design: This was a prospective consecutive analysis with a limited follow-up. The
patients were followed up till discharge from the hospital or death.
Data Sources: Two hundred and thirty three (233) patients admitted following road
traffic accidents, between February 1st, 1999 and April, 30th , 1999 were analysed. A
comparison group of 134 non-RTA trauma and 87 non-trauma patients were randomly
selected for comparative analysis during the course of the same admission. The
admission record at the hospital’s Emergency Department was utilized to identify the
study patients on a daily basis.
The data was derived from interviews, case-notes, operation notes and billing records.
This included age, sex, alcohol ingestion, principal region of injury, length of stay,
procedures/treatments during the hospital course of individual patients and the hospital
cost. Poisonings, suicide, foreign bodies, burns and near drowning though usually
categorized as injuries, were excluded.
The direct cost was computed from details of bed charges and pricing of theatre,
laboratory and radiological procedures and drug charges as per the approved KNH charge
list at the time of the study. Market prices were not utilized to compute the costs as the
prices of the resources were subsidized by the Government. The capital outlays,
overheads and non-market items were ignored.
Definition: RTA injuries were defined as injuries involving motor vehicles, motor
cycles, bicycles or pedestrians. Non-RTA trauma entailed all other injuries occurring off
the road and not involving motor vehicles or cycles. The non-trauma group comprised all
other acute surgical conditions necessitating in-patient management.
Data Analysis: The data was analysed using the SPSS- version 9.0 statistical software.
Differences between the observations were evaluated using the student's t-test for
continous data and X2 analysis for categorical data where appropriate. P < .05 was
considered statistically significant.
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RESULTS

Patient Characteristic: A total of 233 (200 males, 33 females) RTA casualties, 132 (113
males, 19 females) non-RTA trauma and 86 (55 males, 31 females) non-trauma cases
were recruited into the study (Table 1,2). During this study period there were a total of
5,493 hospital admissions from the Emergency Department. Out of these, 28.9% (C/l
27.0 - 30.2%) were admitted into the different surgical wards. Of the surgical admissions,
48.8% were trauma cases. The estimated incidence of Motor Vehicle Collision (MVC)
admissions was 15.1% (C/I 13.2 -18.5%) of all surgical admissions, 31% of all trauma
admissions and 4.5%(C/I 4.4 -4.5%) of all acute hospital admissions.
The male: female ratio was 6:1 in RTA, 6:1 in non-RTA trauma and 1.8:1 in the nontrauma patients. The average (SD) age was 29.92 + 13.77 years for RTA, 28.46+13.84 in
non-RTA trauma and 33.18+20.83 years in non-trauma patients (Fig. 2).
The proportion of RTA patients in formal employment was 23%(51). Another 47%were
in the informal sector while 18% (40) were unemployed (Fig. 2). The figures were 16%,
51% and 20% in the non-RTA trauma patients and 13%, 32% and 29% in the non-trauma
population. The predominant payer category for trauma and non-trauma services was
self-pay, often involving contributions from family members and friends (76.6% of RTA,
78.7% of non-RTA trauma and 82.5% of non-trauma patients).
Forty seven percent (47%) of the traffic injury patients reported regular alcohol use as
compared to 48% among non-RTA trauma patients and 26.1% in the non-trauma cases
(Table 1,2).

The study populations were similar with respect to age (p>0.05) and marital status. The
male sex, employment and regular alcohol intake were significant risk factors for RTA
trauma and trauma in general (Fig.1)
The proportion of males was similar in the RTA and Non-RTA trauma groups (p = 0.95;
OR 1) but was significantly higher in comparison to the non-trauma group (p < 0.01;OR
3.4). Similarly the proportion of the unemployed was not different in the trauma groups
(p = 0.2; OR 1.6). The employed were more likely to be involved in a road crash and
other trauma than the unemployed (p = 0.01, OR 2.9). Considering the likelihood of
regular alcohol intake, there was a significantly higher proportion of individuals in the
RTA than in the non-trauma group (p = 0.02, OR 2.6). The risk of consumption was
comparable in RTA and non-RTA trauma groups (P = 0.926;OR 0.98) (Table 1).
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Length of Stay: The duration of hospital stay for the RTA patients ranged from 1 to 101
days with a mean (+SD) of 14.27+ 21.31 days (Table 1). This was longer than for the
other two study groups. The range was 1-59 (mean 6.29) and 1-47 (mean 6.38) for the
non-RTA trauma and the non- trauma groups respectively (Table 2)
Overall, the majority of the patients had a short hospital stay of 1-2 days, 34% for RTA,
44% of non-RTA trauma admissions and 48.3% of non-trauma admissions (Table 3).
Overall, 39 patients (8.6%) out of the total patient population, were admitted for longer
than thirty days. 89.7% of these were RTA, 7.7% non-RTA and 2.6% non-trauma
patients.
Extremity injuries were associated with longest hospital stay averaging 19 days.

Medical Cost: The mean cost of radiological services was KSh.759.48 for RTA, 837.85
for non-RTA trauma and KSh.608.0 for non-trauma .
The average cost of laboratory charges was KSh.293 for RTA, KSh.122 for non-RTA
trauma and KSh.391 for non-trauma patients. The mean bed charges was KSh.3560.82
for RTA, KSh.1480 for non-RTA trauma and Ksh.2055 for non-trauma. Operations
costed an average of 2472.57 KSh.for RTA, KSh.1061.55 for non-RTA trauma and
KSh.1086.59 for non-trauma.
The overall mean cost of treatment for the RTA group was KSh.8715.15, radiology
accounting for 20%, bed-space 41% and operations 28% of the overall cost. The overall
mean cost of treatment for the non-RTA trauma group was KSh.3876.57, radiology
accounting for 23%, bed-space 38% and operations 27%.The overall mean cost of
treatment for the non-trauma group was KSh.4589.44, radiology accounting for 13%,
bed-space 45% and operations 24%.
The average cost of radiological investigations for the RTA group was 2.5 times higher
than for the non-RTA trauma group and 2.2 times higher than for the non-trauma group.
Bed/space for the RTA group was 3.8 times higher than non-RTA and 2.26 times higher
than the for non-trauma group. Surgical treatment for the RTA group was 1.9 times
higher than for the non-RTA trauma group and 2.4 times higher than for the non-trauma
group.
Overall, the mean hospital cost for the RTA group was 2.2 times higher than for the nonRTA trauma group and 1.9 times higher than for the non-trauma group.

DISCUSSION
This study has demonstrated a hospital admission injury prevalence of 48.8% among
emergency surgical admissions at the KNH. Road traffic accidents constituted 4.5% (C/I
4.4-4.6%) of all emergency admissions, 15.1% (C/I 13.0-18.5%) of all emergency
surgical admissions and 31.0% of emergency trauma admissions. Our results add to the
body of information depicting Injury as a cause of many private and public hospital visits
in Africa. In Uganda, injuries cause 31% of emergency cases at Kampala hospitals (10).
Road crashes account for 44% of the Kampala injuries. In Cape metropolis, traffic
injuries account for 39.0% of trauma mortality (11).
The male victim preponderance is a general trauma phenomenon. The 20-29 years peak
corroborates other local studies (7). Injury in the young results in years of lost
productivity, lost wages and greater long-term disability (12,13). Besides age and sex,
other factors that seem to influence exposure pattern and traffic risk behaviour included
employment status and regular alcohol ingestion. Alcohol consumption by both the
driver and pedestrian introduces judgement errors in the observation of traffic rules. The
crashing speeds are higher and likelihood of seatbelt or helmet uses remote.
Analyzing 188 patients in Eldoret, Kenya, Odero found a 23.4% prevalence of BAC
positivity. 60% of the drivers, 33.3% of pedestrians and 16% of passengers tested had
evidence of alcohol ingestion. The study noted a dose-response relationship between
occurrence of RTA and BAC levels (14). In a wider context, there are twice as many a
number of alcohol-related vehicular death in Sub-Saharan Africa than in established
market economies (12,13). South African studies of 1993 and 1997, the Zambia study by
Patel & Bhagwat and the Papua New Guinea study by Sinha & Sengit all showed the
causal link between alcohol intoxication and the occurrence and severity of road injuries
(15,16,17).
.
The extremity trauma prevalence documented here biased the study towards lower
overall mean Injury Severity Score (ISS). The associated excess lengths of stays and
therefore hospital costs observed are accounted for by the predominant conservative
treatment of these injuries (18). Operative treatment where performed, is usually delayed
by weeks. With an average stay of 19 days, the bed charges alone would cost a patient an
equivalent of USD 70.0. The market rate for the same stay is US$ 900. A study at the
same Institution revealed an average stay of 94 days for conservatively treated femoral
fractures(19). The bed charges would go up to USD 410.0 in the market. With real
average earnings of KSh.24,296.0 (USD 311.34) per annum (20), this is clearly
prohibitive to most Kenyans and an immense burden to the taxpayer. In the latest
economic analysis by the Kenya Government, growth of wage employment in the
modern sector declined and the population of the absolute poor stood at 16.2 million
persons out of a total population of 28.7 million. The proportion of the hard-core poor
was 34.9% and 7.7% for rural and urban areas respectively (21).
Several studies have shown that early skeletal fixation saves cost and adds efficiency in
terms of utilization of operating room resources (22,23). It would thus appear that a
deliberate policy of early skeletal trauma treatment, if introduced, would reduce overall

costs to the patient and hospital. There inevitably will be some financial disincentives in
setting up such a trauma system. But the almost global reporting of improved outcome
from trauma centers should be the greatest deterrant to this negative aspect. In a level
one center in Dade county, Florida, the rate of preventable death was 12% compared to
26% at the other 22 hospitals in the county (24).
The ability of trauma centers to operate efficiently depends on the severity of the injuries
and consequently the intensity of therapeutic needs, excessive lengths of hospital stay,
cost containment strategies and the general organization of the system of trauma care.
Cost containment strategies include insurance cover for most of the injured and having a
mix of the payer categories. Where the proportion of the uninsured has been high and no
mix in the payer categories, the cost-reimbursement ratios have been poor and
jeopardized the delivery of care. At the KNH, the majority of the patients are uninsured
and predominant payer category is self-pay. This scenario cannot propagate trauma care
delivery. Most of the cost of care would have to be borne by the Government through the
taxpayer. In Netherlands, every patient is insured by either a private firm or the Dutch
National Health service. Every trauma patient receives full medical treatment (25). The
National Hospital Insurance Fund (NHIF) is the Kenya equivalent of the National Health
Service- but this scheme excludes the unemployed and those in the informal sector. Their
inclusion in the health scheme may aid trauma care delivery. A trend elsewhere is for
both government and private firms to enter partnership in the business of health care
delivery.
This study has utilized charges rather than cost. This underestimates the real economic
cost of treatment besides underestimating the initial charges themselves. It does not
consider transport to hospital charges, physician fees, re-admissions, outpatient followup, physiotherapy and the indirect costs (pain, suffering, disability and time out of work).
The magnitude of indirect costs cannot be accurately estimated. In a study by Mackenzie
et al. (26), 25% of moderate extremity injured patients were still convalescing at 1 year
post-discharge. Only 63% of those with minor extremity injuries and 54% with moderate
injuries had returned to full-time employment within one year.

In conclusion the therapeutic need for RTA victims is immense and costly. The
treatment is long, constituting a major burden to both the health delivery system and the
survivors of the crash. More work needs to be done in the area of early care as well as
cost containment in the face of escalating cost of trauma care.
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Fig. 1: Patient characteristics
RTA
Number (%)

non-RTA trauma
Number (%)

non-trauma
Number (%)

Sex

Male
Female

200 (86)
33 (14)

113 (86)
19 (14)

55 (64) ∗,ϖ
ϖ
31 (36)

Age (years)

<10
10-19
20-29
30-39
40-49
50-59
> 60

12 (6)
32 (15)
72 (34)
47 (22)
25 (11)
14 (7)
8 (3)

10 (8)
18 (14)
48 (38)
27 (21)
15 (12)
4 (3)
4 (3)

12 (14)
7 (8)
25 (29)
12 (14)
11 (13)
6 (7)
12 (14)

Occupation

Employed –(f) 51 (23)
_(i) 104 (47)
Unemployed
40 (18)

21 (16)
66 (51)
26 (20)

11 (13) ∗,ϖ
ϖ
32 (32)
25 (29)

Marital status

Married
Unmarried
Other

109 (50)
102 (47)
8 (4)

67 (52)
60 (46)
3 (3)

48 (56)
33 (38)
5 (6)

Payment mode Self-pay
HMO
Waiver

161 (77)
6 (3)
39 (18)

100 (79)
0 (0)
19 (15)

66 (83)
1 91)
30 (15)

Alcohol intake Yes
No

99 (48)
109 (52)

52 (48)
56 (52)

18 (26) ∗,ϖ
ϖ
51 (74)

∗ p < 0.05
ϖ odds ratio > 2.0
f- formal sector
i- informal sector
(P-values and odds ratios derived from separate comparative analysis of RTA patients to non-trauma and non-traffic
trauma patients)

Fig. 2 Mean values for the study populations

RTA

non-RTA

non trauma

29.9 + 14

28.5 + 4

33.2 + 21

LOS (days)

14.3 + 21

6.3 + 9*, #

6.4 + 8.6 *, #

Cost
(KSh)

1759
293
3560
2473
8715

837*
122*
1480*
1062*
3877*

608*
391
2055*
1087*
4589*

Age (Years)

Radiology
Laboratory
Bed charges
Operations
Overall

* p < 0.05
# odds ratio > 2.0
(P-values and odds ratios derived from separate comparative analysis of RTA patients to non-trauma and non-traffic
trauma patients)
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Retaining the uncertainty in determining the necessary expenses in the area of road safety activities
and insufficiency of the sources of their financing define the importance and urgency of the
problem of working out of methods of identical evaluation of efficiency of using resources.
Under the evaluation of economic effectiveness of various road safety projects of measures the
following tasks should be tackled:
- evaluations of absolute effectiveness of measures;
- comparative effect (comparison of advantages of one action on other);
- selection of the most effective from the available project of measures;
In the first place the following questions are to be addressed:
- what components of effect are to be included in the system evaluation of project?
- what unit factors are to be used to measure these components?
- how to compare these types of effects one with another and which ones are preferable?
- how to use the results of measures and evaluations of effects for decision-making?
The main method of decision making in international practice is «Cost-Benefit Analysis», which
allows the setting up of priorities in the implementation of measures and defining the necessary
volume of expenditure on these measures. All costs and benefits are expressed in monetary values.
It is obligatory in counting these effects to include:
a) All types of expenses, connected with investments:
- Capital expenditures of construction
- Road maintenance costs
- Vehicle operating costs etc
b) Travel time – an economy of time of trips or transportation
c) Safety – accidents
d) Environment – noise, air pollution, vibration etc
The first two groups (a, b) are referred to as internal effects. Safety defined in terms of
consequences of accidents, can be considered as internal effects, regarding road users only, but for
the rest of the society it is referred to as external effect, just as the other groups of the effects. The
problem of evaluation of external effects is complex and debatable.
International practice of evaluation
The design analysis in the foreign practice are based on the principle of account and collation of all
possible consequences of the evaluated and compared variants of projects: negative and positive,
economic, social, ecological, political etc, measured in the monetary form or in natural units valued
quantitatively or purely qualitatively. For example, the road safety activities can influence the cost
effectiveness in the transport process, economic development of a region, global ecological
situation, raising the prestige of a country etc.

Methodical and practical use of the whole set of evaluation methods, comparisons and proof of
choice of alternative variants of projects. From standpoints of objectivity of the arrived decision it’s
quantitative validity having methods which could possibly be set on conditional scale, of which one
extreme point will be method «Cost-Benefit Analysis», and the other – multi-criteria analysis of
usefulness, that is «Cost-Effectiveness Analysis».
In the first instance is the method, in which all consequences of the arrived decisions are expressed
in monetary form: useful or negative results and expenditure of resources. And such which are
impossible to measure in monetary form, are excluded from the analysis and do not take part in the
formal proof of the decisions taken.
In multi-criteria analysis, on the other hand, all consequences or types of effect, which do not
always have monetary value, are taken into consideration. This allows carrying out of full
systematic evaluation, but not complete formalization. In this case subjective expert judgments are
required, which do not facilitate the carrying out of a single choice.
In different countries of Western Europe, USA, Japan realistic applied methods play an
intermediate role between the specified «extremities», combining elements such as an «CostBenefit Analysis» and also multi-criteria analysis, where the expenditure of resources are measured
in monetary form, whilst effects or results are measured in their natural units or qualitatively.
In Russia the appraisal method of socio-economic effectiveness of safety measures is used like the
«Cost-Benefit Analysis». It takes into account the costs of national-economic losses from raising
traffic safety, road operational and maintenance, travel time of passengers and pedestrians and
losses due to local air pollution and noise [3]. The remaining types of effects are not practically
considered.
Also for Russia the persistent problem is the degree of adequacy of valuation of the social costs
from traffic externalities under modern economic conditions, especially of accident cost, that totally
defines the quality of evaluations. The adequate information about the social costs will increase the
awareness in the population of the threats and promote understanding of the road safety activities
necessary.
In planning of raising the traffic target safety programs, road project analysis, applicable for
implementation of the new traffic management systems, proof of the new roads construction, black
spot elimination the monetary value of accident («accident costs») are highlighted. The structure of
this evaluation is complex and debatable.
In the international practice there are two different approaches for monetary evaluation of it’s main
element – «Human value»:
1. «Loss of production» approach, which comes from evaluations of contribution, which the
people will make to the economy if they are not involved in accidents.
2. The «value of risk change» or «willingness to pay» approach. The method used for assessing
human value, thus to find out how willingly people are ready to pay for reduction in the risk of
death when driving.
To the determined human value are added the «real resource costs» for the police and rescue
service, medical care, property damage etc.
The accident costs greatly varies from one country to another. For example, for 15 countries with
high motorization level it’s value varies between 2,75 - 0,130 million USD (comparison of
accidents are made only on account of dead victims because of differences in information systems)
[2]. The highest value comes from Switzerland, and the lowest from Netherlands. Differences

depend on the approach used during the evaluation.
The international studies based on the «willingness to pay» approach has shown accident costs,
which are considerably higher than the value of «production loss», as shown in the Table 1. The
differences in evaluations reflect different income levels of countries, but mainly they are caused by
differences in the priority of traffic safety that are clearly seen from the factor «human value». It
forms nearly the whole accident cost in Switzerland and also in some countries, but it is completely
absent in a set of other countries. Evaluation of the given factor is subjective and reflects the traffic
safety priority before the other political issues of the state.
Table 1. Monetary valuation of Accident cost and Human value - differences in methods,
million USD, 1991 prices [1].
Country

Accident cost

Human value

Willingness to pay method
Switzerland

2,75

1,71

USA

2,71

1,98

Sweden

1,79

1,63

Finland

1,79

1,10

Great Britain

1,21

1,12

Germany

0,85

0,71

Denmark

0,80

0,53

Belgium

0,51

0,02

Luxembourg

0,44

-

Norway

0,42

-

France

0,30

0,26

Portugal

0,29

-

Spain

0,22

0,07

Netherlands

0,13

-

Loss of production method

“–“ - not included in the evaluation
Valuation of accident costs in Russia
Until very recently, the economic assessment of the social loss from traffic accidents was based on
methods developed and approved under the former socio-economic system. [4]. These methods
were based on the principles of the planned economy and required revisions to be adapted to the
changed economic conditions of the Russian Federation, that inevitably lead to the underestimation
of traffic problems from economic standpoints.
A revised method was developed on request from the Ministry of Transport by the State Scientific
and Research Institute of Road Transport (NIIAT) [5,6]. The method has been agreed with the
Ministry of Finance, the Ministry of Economy, State Inspection of Road Safety (Ministry of
Internal Affairs of the Russian Federation). It was approved by the Ministry of Transport in
November 2000. The methods were developed within the frames of implementing the Federal
target-oriented programme «Raising Traffic Safety in Russia».

The calculation of the accident costs comprises two main components: losses from death and
injuries and losses from material damages, with the following sub-components (table 2).
Table 2. Types of costs taken into account in the Russian accident cost method [5]
Costs of death and injuries

Costs of material damages

Indirect costs

Repair or replacement of vehicles

Temporary production loss

Salvage of the vehicles

Permanent production loss

Towing away of vehicles
Value of non-repairable vehicle

Direct costs
Payments to surviving relatives
Payments of disablement pensions
Medical treatment
Funeral costs and first aid

Repair costs
Value loss after repair
Legal expenses
Administrative costs
Unclaimed insurance indemnity
Costs of lost cargo
Failure to fulfil contract
Value of damaged cargo
Unclaimed insurance indemnity
Repair of road installations

The social costs of human casualties are calculated for the following categories:
1. Deceased having family
2. Deceased not having family
3. Injuries with disability (unable to work)
4. Injuries with disability (able to work)
5. Injuries without disability
6. Death of child
Total economic loss from human casualties is determined according to the following formula:
Total economic loss from human casualties =

åC

i

Ni

i

where

i = Index for human casualties
Ci = Unit cost per human casualties
Ni = Number of human casualties

Method for estimating economic losses for human casualties
The principle of «gross production loss» is used in the Russia. This is perceived as the combined
loss for both the society and for the individual involved in the accident.

The loss is calculated as the discounted value of foregone earnings from the human casualties, that
is the reduction of their expected contribution to the national production because of the accident.
The yearly production loss (L) is calculated the total private and government consumption (C) plus
gross investments (I) from national accounts divided by the number of employed people (N):
L=

C+I
N

For killed persons and for disabled persons there will be a permanent production loss from the
accidents until the retirement. For injured people (incl. disability) temporary production loss is
calculated for the period of hospital treatment and recovery. For killed children the permanent
production loss is calculated by a corresponding approach as for adults.
The Russian method also includes the public expenditures due to increased pensions, that is income
compensation; disablement pensions for disabled traffic casualties; social benefits for compensating
surviving relatives for bread-winner loss.
These costs are added to the cost for the medical treatment, funeral costs, pension payments etc.
Based on the method described above, the following results are obtained (table 3):
Table 3. 1998-estimates of economic costs per human casualty from traffic accidents - 1000 USD
Human
casualty:

Killed
having
family

Killed
not
having
family

Permanent
production
loss

353.9

353.9

158.0

79.4

-

455.7

12690245

Temporary
production
loss

-

-

4.5

4.5

1.0

-

225778

Medical
treatment
etc.

2.6

2.6

5.51)

5.51)

1.01)

-22.22)

279105

Pensions and
social
benefits

20.5

-

18.3

18.3

-

-

519833

Total costs
per casualty

377.0

356.5

186.3

107.8

2.1

433.5

----

5265559

5615231

1019652

779991

338748

695728

13714909

Cost
component:

Total
annual
economic
loss
1)
2)

Injury
with
disability
( unable
to work)

Injury
with
disability
(able to
work)

Other
injuries

Killed
children

Annual
economic
costs

Including sickness benefits
Saved educational costs and material needs during rest of childhood

Applying the above unit costs to the total registered accidents in Russia gives a total economic loss
of about 13.7 bill. USD in 1998 due to killed and injured people in road traffic accidents.
Analysis of prevailing acting traditional domestic approaches for the evaluations of efficiency of
investments in road safety measures [3,5,7,8] and their corresponding reality have been shown as
follows:

1. In the evaluation of accident cost using the «loss of production» approach, the authentic
economic advantage from accident prevention is underrated. From standpoints of relations of
movements of participants to risk it is possible to show that rational person will be ready to pay for
specific reduction of accident risk sooner, than for the reduction of production losses. Thereby, it is
necessary to take into account the opinions of road users, which in economic expression is their
readiness to pay for the safety.
In practice it is very difficult to get an evaluation of the desire to pay for safety. In effect, the basis
for carrying out such researches by foreign experience can be offered for as well as other
approaches for instance:
-

-

from positions of insurance, when evaluation of accidents cost or risk reduction is defined
by amounts, which people are prepared to pay for the insurance or traffic safety measures,
This is especially important in conditions of transition to an accepted system of insurance
of third party motor liability in the civilized world.
observation of actual behaviour of people in relation to safety: analysis differences in
salaries between dangerous and safe work places, examine the choice people between speed
and safety etc
determination of real costs of all participants of road motion for safety just as for the
reduction of loss health risk.

2. Not withstanding the fact that presently a lot of attention is paid to environmental
protection in all spheres of human activity, there does not exist a generally accepted method and
means of evaluation of ecological consequences of transportation.
In international practice the calculations of the total costs caused by air pollution are based on the
evaluation of mortality and health damages. In the Russian practice studies of similar nature are
insufficient. It is a result of non-system ideology of road safety evaluation.
3. Attention has been given to the difficult problem of calculating the effectiveness of safety
projects. However, the problem of calculating of effectiveness of full expenses, which are
embedded in the scope of road safety has not been touched. This question is also complicated and
debatable and in Russia it is under discussion. Locally the problem of evaluation of total expenses
of labor, monetary and material facilities in the area of traffic safety, as well as rates of expenditure
in reaching the specific safety level stays opened.
In this regard, the task of perfecting the Russian instruments for appraising, analysing and
forecasting of effectiveness, determining the priority directions of investments to the reduction of
the traffic externalities is an extremely topical one. For reliable determination of economic
effectiveness of measures in modern Russian conditions, new methodological and methodical
approaches and practical recommendations for their realization are required.
To perfect the instruments being used in Russian practice for estimation of economic effectiveness
of projects in the area of road safety the following activities are to be undertaken:
-

the efficiency of the system intended for the economic appraisal and for the analysis of the
cost and obtained results of implementing the activities aimed at raising road safety and
reducing traffic externalities should be improved;
the efforts of various structures capable of influencing the fulfilment of the above task
should be harnessed;
the process of elaborating the methodical, informational and software implements should be
accelerated;
6

-

the process of perfecting the normative and methodical base existing for the economic
appraisal and substantiation of the road projects with respect to traffic safety issues should
be continued.

And one of the ways of fulfilling the above task could be the adaptation of the State system of
traffic safety external expenses appraisal, effectively operating in foreign countries.
Using the state-of-the-art foreign methods adapted to the realities of Russian practice would help to
improve the efficiency of the system for analysing and the cost evaluation of implementing the road
safety activities, to pool the efforts of various organisations with the aim of speeding up the process
of development of the methodical, informational and software facilities, to ensure the economic
substantiation of the projects with respect to traffic safety issues.
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1

BACKGROUND

This is the first draft of a paper intended as a critical epitaph of Vision Zero and as fuel to the
debate of this quite peculiar concept. Several deficiencies in this draft remain and some
statistics are approximate. As becoming for a first draft, it is a bit drastic in order to provoke
immediate reactions (else these will not arrive in time for the next draft). Unless deemed a
path leading to nowhere, a revised text will follow in the fall of 2001. Do not quote this
version without a prior check with the author. Comments are truly welcome.
While the author’s affiliation and present position as a lecturer for prospective graduate
engineers hint a background in engineering, this is not the case. My field of work is
economics and political science with a 25-year record of writing papers in the areas of
transport, policy, energy and various other issues. A 10-year position as the infrastructure
economist of the Swedish Civil Aviation Authority, a few years as a part-time regional airline
pilot and a long-standing interest in rail transport issues set the stage for a critical view on the
road sector. Still, this is my first paper dedicated solely to traffic safety. Doubtlessly some
readers will gleefully recommend that it be the last.

1.1 Scope, limitations and biases
The late Vision Zero, henceforth V0, was a strange component of the otherwise fairly well
developed and successful Swedish traffic safety policy. This paper deals with the birth and
demise of vision zero and the question whether devices of this sort are of any use at all in the
striving for improved road traffic safety. Critics have argued that V0 will not, and cannot,
materialize – this paper adds the view that even if it were possible, V0 should not be realized
as it would bring about an increase in the total number of avoidable deaths.1 Finally, the
safety potential of a policy affecting the modal split of transport is discussed. For some
strange reason this possibility is totally neglected by the V0 proponents and others.
Vision Zero was in all probability a unique Swedish concept. Hence a post-mortem report like
this on V0 may be of little interest to the outside world. However, the problem of traffic safety
is universal and the question whether ideas of this kind are of any use at all in promoting
traffic safety is, hopefully, interesting even beyond the Swedish horizon. Note that V0
included a zero number of deaths as well as severely injured but for reasons of space this
paper deals only with the number of deaths. The number of severely injured per death peaked
in 1982 with 7.94 and had a through in 1965 with 2.41. In 2000 the value was 6.94.
Several issues have to be left out from the discussion. The one I would be most interested to
include is the rather philosophical question of whether the leading proponents of V0
a) truly believed that the vision really would visualize in the foreseeable future,
or
b) if they just considered it a suitable carrot for guiding the ignorant traveling masses
in the right direction.
There seems to be no middle way between these two interpretations and the implications of
both are gloomy. In the first case, the judgment of the proponents should be seriously
1

See KFB (2000) for the standard criticism, some of it exaggerated.
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questioned regardless of their indisputably crushing merits. In the second case, their views on
society and humanity should be regarded with the utmost skepticism – what could possibly
justify presenting a clear-cut illusion, which nobody will ever see even dimly beyond the
horizon, as an achievable goal? The aim of the paper is not to offend earnest and ambitious
researchers so this question is left aside.

1.2 The concept of a vision
The word “vision” is a bit ambiguous in English, meaning roughly 1) visibility; line of sight;
2) an idea about the future; 3) clear-sightedness; 4) the output of a TV set. In Swedish, only
interpretation 2 is valid which is something to bear in mind when reading this paper, as V0
was a Swedish concept. Should the Swedish word “nollvision” be vision zero or zero vision in
the Queen’s English? Zero vision is an aviation term, meaning that you can see nothing due to
fog or clouds. To avoid confusion, the chosen translation in this text is Vision Zero.i
Having accounted for the translation, the nature of a vision remains to be explored as this
point is crucial for the paper. Most people (this expression is often a euphemism for “I”)
would say that a vision is to be construed as a goal that cannot be achieved with the bestpractice or blueprint methods available today, but appears possible within the foreseeable
future. A textbook example is the challenge of putting a man on the moon (and bring him
back safe, which complicates the task immensely). When introduced by president Kennedy in
the early 1960’s, it was clearly not possible. The launchers of that time could barely put a
small satellite in orbit around the Earth and numerous other complications had to be
addressed. Given the immense resources allocated to what became known as the Apollo
project, still the task at that time appeared possible in the future and indeed proved so in July
1969. Vision turned into reality. Today, visiting Mars qualifies in theory as a vision but so far
the reasons put forward for actually going there form a variety of ignorance rather than the
basis of a vision.
•

The crucial part here is that a vision has to be achievable in a not too distant future,
else it is not a vision but a dream, whim or caprice and should be treated
accordingly.

Manned visits to the outer planets in our solar system, not to mention other solar systems, do
not qualify as visions - there are no methods available, in progress or even envisaged to get us
there.ii The same holds true for V0.
Finally, as a vision must be achievable within a reasonably foreseeable future, it cannot live
forever. To survive even 10 or 20 years, it has to be supported by progress – successive steps
towards its final realization. Without such life-maintaining progress, the vision will lose its
attraction, petrify into an illusion and die. A prime example of a vision nearly starved to death
through lack of progress is power generation through nuclear fusion processes, where little
has happened since the late 1950’s when such a process allegedly was around the corner. By
this we leave the concept of a vision.

1.3 Peculiarities of the Swedish traffic environment
Western Europeans and Americans tend to regard Sweden as somewhat odd in many respects.
In this context, suffice it to say that Sweden’s population, 8,9 million, is the (quantitative)
equivalent to that of Greater Paris or Greater London with an area corresponding to 80 % of
2

France or 185 % of the United Kingdom at its disposal. The area is 450.000 sq.km. of which
some 39.000 are lakes. Population density averages 21 persons per sq.km total area. Due to
climate and topography, vast areas to the northwest have less than 1 inhabitant per sq.km.
Finland and Norway are even less densely populated.

1.3.1 Road traffic characteristics
The diagram on the front page depicts road traffic casualties from 1960 to 2000 plus a guess
of 610 for 2001. Compared to the UK and Western European continental countries, Swedish
road traffic has a higher content of interregional travel – few people driving long distances,
rather than many people driving short distances. This will probably increase the relative
occurrence of serious accidents, as speeds are higher than in rural travel. On the other hand,
interregional travel is more susceptible to competition from safer traffic modes - rail and air.
When it comes to lorries, the situation is a bit extreme. Sweden sports Europe’s probably
heaviest, longest and (to others) most dangerous lorries, allowing a total weight of 60 tons, a
length of 25.25 meters and speeds of 80 km/h on ordinary roads and 90 km/h on highways.
The traffic is heavily subsidized (i.e. charges on traffic are well below its marginal cost to
society) and society also turns a blind eye towards much of the deeply rooted speeding and
overloading habits in this trade. In practice, a lorry driver not having a police in sight will
observe the speed limit under one of two conditions only: 1) a slow vehicle is in front of the
lorry and cannot be overtaken or intimidated into driving on the verge; 2) the lorry is in an
upslope. A substantial part of this traffic could be transferred to rail and such a transfer would
require little more than a political will.
Long-distance bus travel has historically been detrimental to traffic safety and environment as
the bus services have been used to destroy railway traffic, more efficient in both respects,
rather than to supplement it. In general, travel distances in Sweden are a bit on the high side
for bus travel, making this a mode preferred by students and elderly not willing to pay much
for the travel time reductions offered by other modes. Bus traffic is deregulated and in terms
of speed limits it appears always to have been so – a long-distance bus observing speed limits
is even more sensational than a lorry doing so (probably due to a better power/weight ratio).
As a result, the accident statistics for heavy lorries (>3,5 tons) and buses is appalling:
M ale Female Total ICD1 0 n u m b er
S tatis tics for 1 9 9 8
To tal tran s p o rtatio n d eath s
422
142 5 6 4 X X V0 1 -V9 9
Of wh ich h eav y lo rries an d b u s es
killin g p ed es trian s
10
5
1 5 V0 4 .0 , V0 4 .1 , V0 4 .9
cy clis ts
6
2
8 V1 4 .4
mo to rcy clis ts
5
5 V2 4 .4 , V2 4 .9
car d riv ers
43
11
5 4 V4 4 .5
car p as s en g ers
2
12
1 4 V4 4 .6 , V4 4 .9
b u s p as s en g ers
1
1 V7 4 .6
TOTAL
66
31
97

Table 1-1 Fatal accidents involving heavy lorries and buses
Source: Compiled from SCB (2001), table 4A. ICD = International Statistical Classification of Diseases and
Related Health Problems. At the end of 1999, SIKA statistics had 963 tanker lorries, 169,200 flat lorries, 1,500
timber lorries, 6,500 semi-trailer lorries and 14,900 buses in the Swedish register.
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The table does not distinguish between lorries and buses but accidents are totally dominated
by the former. Neither does the table attribute guilt; in fact this question is of little interest in a
V0 perspective. In contrast to the 97 external victims, there were no internal - no drivers of
heavy lorries or buses were killed in accidents involving other vehicles, although four lorry
drivers and four bus drivers/passengers were killed in other transport accidents (ICD V67.5V68.5 and V70-V79). Hence the outcome profile of accidents involving heavy lorries and
buses is extremely biased to the detriment of their traffic environment.

1.3.2 Rail and air travel
The railway net peaked at 16,885 km in 1938 and was roughly unscathed around 1950 when a
period of outrageous mismanagement was entered.iii At present, barely 10.000 km retain
scheduled passenger traffic but most of it displays high standard. All is Western European
normal gauge2 and some 80 % is electrified. Large parts allow top speeds of 160-200 km/h.
The train type X2, marketed as X2000, with 318 seats and a top speed of 200 km/h performs
the bulk of the passenger traffic.
Almost all of the railway the net allows axis loads of 25 tons One four-axis freight car will
easily take the weight load, if not always the volume, of about 1.9 maximum-size lorries with
trailers (75 tons) and one train will easily take 15-20 such railcars, had it only politically been
allowed to do so. The blatant neglect of the railway system in the years 1950-1990, and partly
thereafter although at least some investments were made in the 90’s, clearly qualifies as by far
the most disastrous component of Swedish traffic policy. Had the railway net been used more
wisely the last 50 years, thousands of lives could have been saved. Rail transport is
deregulated but dominated by SJ, the state railways. In 1979, an interesting experiment
including drastic reductions of fares was implemented, leading to a substantial increase in rail
travel. In 1978 a low-fare concept hade been introduced for the domestic scheduled aviation.
This led or contributed to an unprecedented decline in road traffic deaths with 27 % from
1978 to 1982. Unfortunately the low-fare concept on rail was killed off around 1987 by a
battalion of business consultants, knowing little about transport policy and nothing about
accident rates or environmental impacts. After that, the railway policy returned to the highfare/low-traffic mode earlier proven so pitiably inefficient.iv
In November 1987 six passengers were killed in a rail accident caused by a tragic signal
wiring error. After that only a few minor accidents have occurred, killing less than 10
passengers totally in the past 14 years. However, there are some fatal accidents among the
staff of SJ and a few staff and third-party electrical accidents, some of which fatal. As the
focus of this paper is on travelers, these accidents are left aside but not forgotten. For all
practical purposes, the passenger accident rate of the railways can be regarded as zero. Hence,
transferring road passengers to rail will bring about a net accident reduction equal to the
average accident load of the affected road traffic.3
The domestic airline system, deregulated in 1992, connects 44 airports spread over the entire
country including some very sparsely populated regions. In spite of deregulation it is totally
dominated by airline SAS and its 25 % regional subsidiary Skyways. In general, prices are
“high” compared to taking the car. SAS, Scandinavian Airlines System, is a successful
2

1,435 mm (4’8½’’) in contrast to the Russian/Finnish/Baltic standard of 1,524 mm (5’)
In addition, traffic remaining on the roads would experience less congestion entailing even further
improvement of the accident rate.
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Danish-Norwegian-Swedish consortium where each government owns 50% of the respective,
national parent companies (DDL in Denmark, DNL in Norway and ABA in Sweden). This
fact would facilitate an active use of the airline net to reduce traffic casualties, had the
political will to do so been present. Traffic volumes grew almost continuously until 1991
when a recession hit. In 200 the number of domestic passengers was 7.9 million; not quite in
par with the 1990 peak of 8.7 million. Transportation volume in 2000 was 3.62 billion
passenger kilometers.
Scheduled, domestic air services have had only three fatal accidents in modern times: 1964,
killing 32 people; 1977, killing 22 and 1989, killing 16. The first two included technology no
longer relevant for assessing the accident load. In 1964 it was a Douglas DC3 piston-engine
aircraft, unable to cope with the adverse weather around Ängelholm airport. In 1977 it was
Vickers Viscount outmoded turboprop where the de-icing system of the elevator proved
insufficient on approach to Bromma airport. The 1989 accident was a Beech 99 turboprop
stalling on final approach to Oskarshamn airport due to overload. In 1991 a SAS MD80 was
brought down by icing north of at Gottröra north of Arlanda, but remarkably none of the 129
aboard was killed.v General aviation (private, taxi and training flights etc) kills 5-10 people
annually but these accidents are not relevant to this discussion.4 In the scheduled aviation case
with very few but fairly big accidents, two of which involving factors no longer present, it is
not easy to determine an average accident load. For this paper however, we could make the
same conclusion as for the railways: For all practical purposes, the passenger accident load of
air travel can be regarded as zero.vi These facts should be used wisely.
Moving freight from road to air is, in contrast to moving it to rail, not a viable option for
reducing road traffic accidents. A large proportion of the lorry freight volume cannot be
transported in an aircraft and the environmental penalty for such a transfer is appalling. If the
specific energy use (kWh per ton and km) is 1 for rail transport, it is at least 5 for lorry
transport and more than 100 for airfreight.vii.

1.3.3 A note on perceived and real risks
As concluded above, the risk level in domestic rail and air traffic is next to infinitesimal while
road traffic kills about 600 people annually and severely injures seven times as many. It
remains a riddle why these facts do not have a profound impact on the modal split of
passenger travel. Several explanations offer themselves but only two will be discussed here.
Number one is the lacking willingness or ability of public media to fulfill its role as objective
scrutinizers. In the media reports about accidents, there is a huge bias towards air and rail
incidents while road accidents attract little interest. Unless fatal, it will not be noted at all. A
road accident involving 1-2 casualties will take the same space in the daily papers as an
advertisement for one used car. In TV and radio news it will not be reported at all, unless
severe news drought prevail. An accident involving 4-5 casualties will be noted when it
happens and rapidly forgotten thereafter, unless it involves the possibility of a new trend like
dangerous minivans. In contrast, air and rail incidents (there are rarely any accidents) will be
covered at length. A rail incident or derailment, even without any injuries, will prompt the
journalist to recall all major rail accidents since Getå in 1918 (the preceding major accident in
1875 may sometimes be omitted). A scheduled traffic incident or general aviation accident
4

SCB (2001) has 8 killed in 1998 (V95-V97); SOS Luftfart 2000 has 12 in 1999 (of which 8 in one single Piper
Navajo accident) and 4 in 2000.
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will, likewise, bring forward a list of the air accidents in section 1.3.2 and possibly also the
Karlstad accident in 1950. The difference in media interest between accidents on the roads
and incidents on rail and in the air has grown out of all proportions. Many people will be
given the totally erroneous impression that rail and air transport are dangerous compared to
the car. Unfortunately V0 did not improve this situation during its short life and neither the
Swedish Civil Aviation Administration nor the state railways SJ is doing anything about it. A
search on the CAA website for the word “säkerhet” (safety) returns 200 hits but only one
refers to the superior safety of aviation and unfortunately it is exaggerated as aviation is
claimed to be the safest mode of travel. Trains are equally safe and high-speed trains actually
superior. In addition the statement is in bad company with severely flawed environmental
“information”. A search on the state railways website returns no hits at all! In contrast, both
administrations have spent large sums on advertising campaigns centered on very far-fetched
features.
Number two is the blunting effect. The risk of being killed in a road accident is administered
to almost all of us almost every day, but in miniscule proportions which we tend to get used
to. Assume 600 annual fatalities affecting 90 % of the 8.9 million population. Now imagine
that some superior force beyond human grasp distributed the accidents, and did this on an
annual basis in advance. On the first of January each year, a list of names of the coming
deaths and severe injuries is published. Under these circumstances, the risk that your name is
on the death list would be about one in 13,350 on the average (much higher for motorcyclists
and a bit lower for back-seat belted car passengers). The risk of being on the severely injured
list would be about seven times higher, i.e. at least one in 2000. Now assume that the only
way to make really sure that your name is not on the lists is to abstain from all road travel
except bus for the whole year. This would probably have a profound effect on the road traffic
volume in spite of the actual (in contrast to the perceived) risk level being unchanged. If the
media could give this picture instead of repeating irrelevant historical air and rail accidents,
much would change.

1.3.4 The emergence of lobbycracy
Lobby groups are present in all modes of transport but nothing compares to those of the road
sector, sometimes labeled the automotive-political complex. The Swedish Road Union
(Svenska Vägföreningen, SVF) outstrips all others combined in terms of resources,
impudence, flexible approach to truths and facts and contempt for those holding another view.
The union staged an unprecedented slander campaign towards the hard-working
Kommunikationskommitten, which in 1994-1997 prepared a new transport policy. A part of
this depressing campaign is still found on the SVF website, where it is also claimed that the
environmental problems of road traffic are solved.viii Using one of the most inferior
consultancy reports seen in the transport sector (where competition in this respect is fierce),
SVF even claims that the electrified railway Uddevalla-Strömstad should be abandoned in
favor of buses and cars. Its more covert actions behind the 1998 transport policy decision
have recently been analyzed in a dissertation (Melin, 2000). Kommunikationskommittén was
in action for about three years, had 10 members and was assisted by more than a dozen
experts. A sigh from its chairman Rolf Annerberg, quoted in Melin (2000, p 177), summarizes
lobbycracy in a nutshell: “…even if it was a big and costly committee, its cost was a fraction
of what SVF spent on calumniating its results.”
As regards lobbycracy, V0 aggravated the situation by providing yet another argument to cast
concrete and spread asphalt. Normally road construction cost/benefit analyses include the
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safety effect at a value of SEK 14,300 (about US$ 1,400) per mill of death risk reduction.5 As
V0 turned a blind eye and a deaf ear towards economics, V0 proponents are forced to endorse
all road projects having any risk reduction effect whatsoever. This suited the automotivepolitical complex perfectly.

1.4 Accident statistics
The front-page diagram depicts the development of fatalities the last 41 years. In the early
1990’s a substantial reduction was seen but no improvement whatsoever has been recorded
for the past seven years. Vision Zero has left no trace at all and the latest development
indicates increasing numbers. Note that rolling 12-months averages are permanently on
display at www.vti.se. These have shown no improvement since 1994.
Comparing the development to the V0 subgoals offers no consolation. Figure 1-1 depicts the
grotesque difference between vision and reality, between talk and (lack of) action. The latest
bar shows the death toll from August 2000 to July 2001 which was the worst for several
years, 613. Not only did the December 2000 (=year 2000) result of 591 exceed the V0 goal by
49 %; the actual development thereafter is increasing. The 270 figure to the right refers to the
December 2007 (=year 2007) objective of V0.

Figure 1-1 Actual development (bars) and V0 (area) as rolling 12-months averages
Source: www.vti.se. Faktiskt antal = actual; Etappmål = subgoal.
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All calculation values are found in SIKA (1999).
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2

ROAD TRAFFIC DEATHS IN A PERSPECTIVE

This section will apply two different angles on the traffic death problem. For statistical
reasons only fatalities are included, however it should never be forgotten that for each traffic
casualty there are seven cases of severe injury.

2.1 The epidemic view
Traffic death could be regarded as an ongoing epidemic of long standing. Its pattern of
infliction includes maybe 99% of the population, as almost all of us are travelers. Only
inmates, the very ill and the very old find themselves protected from the dangers of traffic as
they are rarely able to be travelers. Everyone else is in the risk zone. The “road traffic
epidemic” has, according to figures not yet double-checked, killed some 65,000 people from
(probably) 1911 when the statistics system was revised. Aids has, after its emergence in the
mid-1980’s, killed less than 1,000 people.6 The widespread “Asian flu” 1957-58 and the
“Hong Kong flu” 1968-70 were rarely mortal but killed a small number of people already
weakened by other diseases or old age. By far the biggest epidemic disease, the Spanish flu of
1918-20 killed about 38.000 Swedes out of a population of around 6 million in those days.ix
This amounts to the 1960-2000 road traffic toll of 38,400. Viewed from this perspective, the
road traffic epidemic surpassed the Spanish flu decades ago and will do so by 200% around
the year 2010. The figure may have a wide interval of uncertainty; nevertheless it is obvious
that road traffic is the by far most fatal epidemic of modern times in Sweden.

2.2 Road traffic vs other causes of death
While the previous section indicates that road traffic death does not get the attention it should
have, this is not a rationale for V0-type ideas. Road traffic is not exactly the only cause of
death. In 1998, 531 people died from road traffic accidents and 93,100 from other reasons. It
is not obvious why we have a V0 for 0.6 percent of the total death toll. In this context
however, “natural” deaths should be left aside. Fortunately SCB 2001 has a statistical
category much more suitable as a background for V0 (or rather as a shroud for its body).

2.2.1 Avoidable deaths
In the mid-1980’s the European Union introduced the concept of avoidable deaths. These are
17 ICD classes where medical or health care efforts can make a real difference. Efficient
health care can prevent a disease from ever breaking out; efficient medical care can cure it,
mitigate its symptoms or at least delay death. Using standardized data systems, the avoidable
deaths concept can be used to compare the situation in various EU states. Sweden uses a
modified 21-category list, however some categories like typhoid fever, whooping cough and
measles normally have no fatal outcomes.
As pointed out in KFB (2000) and other references, an ethic justification was provided for
V0: “It can never be ethically defensible that people are being killed or severely injured when
moving around in the road traffic system.”7 The first reaction to this claim is “of course”; at
second thought the question arises whether there are any activities in society where the
contrary applies. While it could be argued that the statement above may be a bit less valid for
6
7

29 cases in 1998 (ICD B20-24).
Unauthorised translation of the statement in KFB (2000), p 11.
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activities where people willingly take a great risk, like mountaineering or deep-sea diving,
these possible exceptions are insignificant in the number of accidents. Consequently, the
allegedly sublime ethic principle behind V0 becomes confusing: is it “ethically defensible”
that people die from any of the causes given in Table 2-1?
Avoidable deaths in 1 9 9 8

Deaths
to tal
M ed ica l ca re ind ica to rs
20 092
Stro ke
10 480
Diab etes
1 563
Hyp erto n ia
629
Cerv ix can cer
143
A s th ma
228
Cro n ical rh eu matic h eart d es eas e
164
Tub erco lo s is
102
Galls to n e etc
193
A b d o men h ern ia
77
Hod g in s d es eas e
39
A p p en d icitis
22
Preg n an cy co mp licatio n s etc
14
Os teo my elitis
20
Res p irato ry o rg an d es eas es *
6 418
Hea lth ca re ind ica to rs
4 315
Lun g can cer
2 909
Some au to mo tiv e accid en ts , ap p ro x.
(5 0 0 )
Liv er cirro s is
557
Gullet can cer
349
TOTAL
24 407

o f wh ich
Los t years
1-74 g ro up 1-74 g ro u p
2 863
27 915
1 924
16 617
528
6 285
108
870
93
1 671
67
874
47
283
28
121
24
300
12
149
11
385
9
69
7
256
4
31
1
3,5
2 875
41 591
1 752
18 944
494
14 126
430
6 514
199
2 007
5 738
69 506

Year per
death
9 ,8
8,6
11,9
8,1
18,0
13,0
6,0
4,3
12,5
12,4
35,0
7,7
36,6
7,8
3,5
14 ,5
10,8
28,6
15,1
10,1

ICD1 0 n u m b er
I6 0 -I6 9
E 1 0 -E 1 4
I1 0 -I1 5

C53
J4 5 -J4 6
I0 5 -I0 9
A 1 5 -A 1 9 , B9 0
K8 0 -K8 1 , K8 3 .0
K4 0 -K4 6
C8 1
K3 5 -K3 8
O0 0 -O9 9
M8 6 -M8 7
J0 0 -J9 9
C3 4
S ee S CB 2 00 1 a p p 3
K7 0 , K7 3 -K7 4
C1 5

* ) co n s id ered av o id ab le o n ly in th e 1-14 ag e b racket

Table 2-1Avoidable deaths and lost years in 1998
Source: Compiled from SCB (2001), tables K and 4A. Note that table K in this publication is erroneous, revised
and additional data have been provided by Annika Edberg at Socialstyrelsen.

The column “lost years” is a feature included in the avoidable deaths concept. It is assumed
that if not killed by the factors in Table 2-1 the victim would have lived until the age of 75.
The column gives the total number of lost years in the population aged 1-74 (92% of the
total), as determined by the number of deaths and the age of the victims in each category. As
can be seen, the automotive category does not hold a unique position, neither in terms of total
deaths nor in the number of lost years.
While neither the number of deaths nor the volume of lost years could justify a V0 for road
traffic alone, the number of lost years per death could do so. For the relevant road accidents it
is almost 29, i.e. the average age of the road victim is around 36. However, if we lean on this
criterion, we need to do away with the 18 cases of Hodgins disease and pregnancy
complications first. Unfortunately there are several other causes of death surpassing road
traffic.
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2.2.2 Other aspirants to V0 status
Some causes of death not included in the previous section may still be considered as clearly
avoidable. To begin with, 1,944 people died form non-transportation accidents. External
factors not constituting an accident accounted for another 1,839 deaths. These 3,783 deaths in
1998 are distributed as shown in Table 2-2. For this paper it is sufficient to look at the
suicides which, at 1,229, amounted to 230 % of the 531 road traffic deaths. The number of
lost years for the 1-74 age bracket, where 1,041 suicides occurred, was 49,000, i.e. 350 % of
the 14,126 recorded for road traffic. Average age in the 1-74 bracket was around 47 years so
the number of lost years per
ICD 10
External caus es of death 1998, non-transport Deaths
death equals that for road
Suicide
1 229
X60-X84
Non-s pecified
826
X58-X59
traffic, 28.8 Hence suicide is
Falling accidents
480
W00-W19
in every respect as qualified
Unclear injuries
312
Y10-Y34
a candidate for a V0 as road
Smoke, fire, heat
144
X00-X19
traffic. This is even truer if
Suffocation
137
W75-W84
we confine the discussion to
Pois oning
129
X40-X49
the 1-49 age bracket where
Drowning
111
W65-W74
the number of victims was
Late effects of accidents etc.
108
Y85-Y89
549, in parity with the road
A s s ault
98
X85-Y09
traffic toll of 531. Here the
Medical complications
90
Y40-Y84
average age was 35 and the
Non-living mechanical forces
54
W20-W49
number of lost years per
Cold, lightning, avalanche
47
X30-X39
victim consequently around
Electricity etc
11
W85-W99
40. So, if society can
Bites etc
4
W50-W64
Police actions
2
Y35-Y36
accommodate only one V0,
Hornets and bees
1
X20-X29
suicide should be its target.
TOTAL

3 783

Table 2-2 External causes of death, non-transport
Source: Compiled from SCB (2001), table 4A. Categories are somewhat ad hoc.
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BIRTH, LIFE AND PASSING OF VISION ZERO

3.1 Genealogy
Major traffic policy decisions have been passed by the parliament in 1963, 1979, 1988 and
1998. On the 3rd of September 1967 the nation switched to right-hand traffic and general
speed limits were introduced in June that same year.x The standard operating procedure is the
establishment of a parliamentary committee, producing reports and suggestions although no
committee precluded the 1979 decision. Suggestions are accepted, rejected or modified by the
government and summarized in a proposal to the parliament, where further modification may
occur before the final decision. All four decisions have favored road traffic in one way or
another while only the 1979 decision, later set aside by the consultants mentioned above,
entailed a real boost of rail traffic.
From a traffic safety point of view, in particular the 1963 policy decision was a disaster as it
brought about the uncontrollable growth of road traffic in general and lorry traffic in
particular. It also meant an unparalleled waste of transportation resources as a large part of the
8

Calculations are made from SCB (2001) table 4A under the assumption that the mean of each 5-year age
bracket can represent the entire bracket. A more refined calculation may alter results by a few percent
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railway net was abandoned and its traffic transferred to road. As a result road traffic deaths
exceeded 1,300 in 1964-66 and 1970. Had it not been for the drastic reduction of traffic pace
and volume brought about by the switch to right-hand traffic and the accompanying low speed
limits (40 km/h in urban areas and 70 elsewhere, now 50 and 70-110), the 1967 death toll
would probably have exceeded 1,350. In spite of this rather appalling situation, the vision zero
idea did not emerge until the mid-1990’s. Prior to this, the Parliament adopted a policy
decision in 1982 with, i.a., the following content:
•
•

The total number of fatalities and severe injuries shall decrease continuously
The accident risk shall decrease continuously for all traffic categories

These decisions were confirmed by the Parliament in 1988 and 1993 and was also, by and
large, underpinned by the long-term accident trend. As can be seen on www.vti.se, this
positive development ceased in 1994 and has not returned. Nevertheless, V0 was adopted by
the Parliament in October 1997. The essence of V0 is that
•

in the long run, the number of fatalities and severely injured by road traffic shall be
zero.

In addition, two subgoals were added. In the year 2000, a maximum of 400 dead and 3,700
severely injured should be allowed. From the 1997 point of departure, this implied a drastic
reduction of fatalities from its 1996 level of 537 but only a minor reduction of the 3,837
severely injured.

3.2 Life, decline and demise
These stages can be lumped together as there is not much evidence to indicate that V0 ever
had a life. This is all the more surprising as the development from 1997 on clearly indicated
that V0 was not on its way. Still, nothing was done to turn the development, which should be
borne in mind when assessing claims that V0 will be able to reach the year 2007 subgoal of
270.
Even more alarming is the latest development, indicating increasing accident rates. Standard
prevarications include “traffic volume has grown” and “we have entered a business boom”.
These explanations are pathetic and embarrassing. Traffic growth has been the normal state
since 1945 and a boom so far has followed every business recession. V0 was launched
unconditionally, not with a set of reservations like “provided zero growth” or “if the country
never again enters a boom”. However, something should be learnt from these prevarications.
If traffic growth and business booms are major drivers behind increasing death tolls, then we
should strive to place road traffic in a state of zero growth and a permanent recession.
After a protracted period of malnourishment and crippling illness, V0 passed away by the end
of 2000 when its explicit subgoal of 400 casualties was blatantly exceeded by 49 %. As with
any other celebrity, some fans will claim that their object of worship is not really dead but
only temporary disabled or hidden and that a resurrection can be expected soon. However, V0
should not have been born in the first case and is now best left to rest in peace, allowing
resources and actions to be shifted to areas where a difference can be made. Ten years from
now, V0 will probably be regarded as a most bewildering but temporary deviation from
normal scientific standards and methods. V0 was not petrified into an illusion - it was born
one.
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4

SCENARIOS FOR THE FUTURE

4.1 Make-believe scenario
This scenario is simply more of the same sort - a lot of talk and little action. A large number
of extremely qualified people have invested a lot of prestige into the late V0. It was born or at
least baptized by an impressive and competent committee, Kommunikationskommittén, so
possibly a congregation of equal splendors is necessary to establish its demise. The powerful
automotive-political complex, most notably the deplorable lobby organization SVF, has a
vested interest in picturing road traffic accidents as a disappearing, solvable problem. As a
result, there is a substantial risk that many people will not recognize the V0 demise but
continue to claim that it is alive, a success and on the road to fulfillment. At worst, this could
go on to the year 2007 when the next subgoal, 270 casualties, is due. A reduction with 56%
from the 613 casualties recorded August 2000 – July 2001, only a miracle will materialize this
goal. Hence the years until then will see all kinds of prevarications, trumped-up excuses,
subterfuges, claims that only a delay has occurred, re-definitions of “zero” and any other
embarrassing rhetoric necessary to cover up the fact that V0 died years ago.xi
This scenario is gloomy, not only because a lot of people will be killed in accidents that could
have been avoided with a more powerful scenario but also because it’s other effects on
society. The concept of V0 will attract more and more ridicule and scorn as accident
development makes its futility more and more conspicuous. V0 proponents will find their
credibility and professional authority increasingly called in question. This is very bad as
traffic accidents really constitute a major problem and we really need our experts to be fit,
willing and able to cope with it; not browbeaten by a futile defense of a cause already lost.

4.2 Resurrection scenario
Is V0 really dead or only apparently dead? At age four, it has not indicated any signs of life,
but in theory resurrection could be possible. This would require the year 2007 subgoal, 270
casualties, to be fulfilled or at least only near-missed. As 2001 will be a lost year with around
610 casualties, such a development would require an annual reduction of 12.7 %. While such
a development is possible, it would require a determination which V0 has already proven
totally incapable to muster. A vision that for five years has proven unable to bring about any
reduction whatsoever will not produce such an improvement for six consecutive years. Only
1967, due to the right-hand traffic reform, 1990 and 1993 have seen reductions of that
magnitude. Hence the resurrection path is not feasible. V0 is stone dead, not apparently dead.

4.3 Extension scenario
Now assume that V0 was alive and had proven to be an effective policy tool. Then the
obvious question arises why this marvelous approach should not be applied to all areas where
it could make a difference. Let’s have a V0 for all avoidable deaths in section 2.2! While this
idea has an inherent appeal, it suffers from the same flaws as the late V0 for road traffic: It is
hardly possible to come to zero or even close for most of the categories, save where the
number of deaths is very low like Hodgins disease or cervix cancer. For most other categories,
more drastic reductions of their toll involve increasing and soon astronomical costs per saved
life.9 As resources are limited, this will mean less resource available to the non-avoidable
9

See Ramsberg and Sjöberg (1996) for examples.
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deaths (accounting for 4/5 of the total). Hence the death toll in these categories will actually
increase (they are not that unavoidable) and we are back in the insoluble dilemma shadowing
all vision zeros: Economics cannot be defined away as the resources of society are limited.
This fact is, in passing, established in SCB (2001, p 10) where the declining trend in
avoidable deaths between 1987 and 1998 now is broken, in all probability due to the senseless
budget cuts in the 1990’s.

4.4 Constant reduction scenario10
As the closing down of V0 is inevitable, it should be done now while the credibility of the
involved experts is only scratched, not years from now when it may be beyond repair.
Inverting the previous scenario, the constant reduction alternative implies less talk and more
action. The first thing to do in this scenario is to abandon V0, leave it to the political scientist
to find out how this idea could ever gain a footing and take the steps necessary to prevent any
recurrence. Possibly this retreat will require some verbal smokescreens. The goal should be
redefined as the annual reduction of traffic deaths with at least X every year, where X should
be at least 10 %. Increasing traffic volume should not be accepted as an excuse for failure. If
traffic growth is not compatible with the goal, then the growth should not be allowed to
happen. Following this redefinition of the objectives, the following steps should be taken:
•

Implement all policy measures intended for V0 (there is nothing wrong with these,
save a few exceptions, but they will not bring about a zero accident rate).

•

Reduce the demand for road traffic. There is an array of fiscal and administrative tools
at hand for this purpose. One suitable policy tool is to redirect investment from
demand-increasing, like highways, to safety-increasing like improvements of existing
infrastructure, railings etc.

•

Introduce zero tolerance towards the now widespread over-loading and over-speeding
of lorries and buses. All required equipment is there but the political will is not.

•

Reduce the allowed length, weight and speed of lorries. As a first step 18 meters, 45
tons and 70 km/h should be applied.xii

•

Improve the competitive positions of safer traffic modes:
o Reduce rail passenger fares for all distances by 50% to start with. A more
sophisticated fare system should be developed thereafter.
o Reduce rail cargo fares by the same proportion and give the rail combi
alternative (lorries on trains) a real chance.
o Reduce long-distance air fares with a suitable proportion. This is a more
complicated task than for the railways, but far from impossible.

•

Make safety the prime marketing feature of air and rail:
o Provide, and distribute, correct statistics.
o Establish a public website where you can compare risk levels, not only fares,
for all domestic travel citypairs.

10

The author would welcome anyone’s cooperation in elaborating this sketchy section.

13

5

REFERENCES

5.1 Print
Kommunikationsforskningsberedningen (KFB 2000): Leder nollvisionen till det trafiksäkra
samhället? 1/2000. ISBN 91-88371-64-6.
Melin, Carl (2000): Makten over trafikpolitiken. University of Uppsala, Dissertation,
Statsvetenskapliga föreningen, 2000. ISBN 91-554-4768-6.
Ramsberg, Joakim and Lennart Sjöberg (1996): The cost-effectiveness of life-saving
interventions in Sweden. University of Stockholm, 1996. ISRN: HHS-CFR-B-24-SE.
SOS Luftfart 2000. Published by SIKA, Stockholm, 2001. Bilingual Swedish/English.
ISSN0348-2251. Available at www.lfv.se.
SIKA (1999): Översyn av samhällsekonomiska principer och kalkylvärden
transportområdet. Swedish Institute for Transport and Communications Analysis, 1999:6

på

Statistiska Centralbyrån (SCB 2001): Dödsorsaker 1998. Hälsa och sjukdomar 2001:1. ISBN
91-7201-502-0. Available at www.scb.se. Note: Table K p. 37 erroneous.

5.2 Websites
Swedish Civil Aviation Administration:
Swedish State Raiways:
Vision Zero (non-official site):
Swedish Road Union:
Swedish Institute for Transport and
Communications Analysis:

6

www.lfv.se
www.sj.se
www.nollvisionen.com
www.vti.se
www.vagforeningen.se
recommended)
www.sika-institute.se

(skepticism

NOTES

i

As a sidetrack comment, it should be pointed out that “zero vision” makes taking off with an aircraft impossible
regardless of aircraft and airport equipment. Landing is possible at the very few airports – a handful in Europe
but none in Sweden - equipped with the category IIIc instrument landing system, provided that the aircraft
carries the corresponding equipment and the crew is properly trained. Only the biggest airlines find the cost
justified.

ii

The closest star is Alpha Centauri some four light-years away but it has no solar system. Man-made space
vessels require at least 20.000 years to cover one light-year.

iii

“Mismanagement” refers to the remarkable feat of reducing the passenger kilometer volume from 6.7 billion in
1947 to 6.4 in 1996. A modest annual growth of 3% would have been quite possible and would have resulted in
29 billion pkm in 1996.
iv

The consultants managed to reduce the passenger kilometer volume from 6.69 billion in 1984 to 6.35 in 1990.
These years were a business boom.
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v

The accident investigation report clearly reveals that this accident could have been a major one, killing all
aboard. However, even if that had happened, the accident load per person kilometer for the period 1989-2000
would still be vastly superior to that of road traffic!
vi

A complication frequently overlooked is that airports are located remotely compared to railway stations.
Consequently, air travel contributes to road travel to a much higher extent than does rail travel, possibly to such
an extent that it should be charged with 0.5 – 1% of the annual road traffic accidents. This possibility is left aside
in this paper.
As a literal sidetrack comment, the rail connection between Stockholm city and Arlanda Airport, 41 km away,
provides an interesting example of impressing railway technology and most of the transport policy mistakes
found in the economist’s textbook. The railway opened in 1999 but is a separate business entity and profit center,
not a part of the state railways. Consequently the fare level is very high (US$ 14, one way), the trains are not
compatible with the rest of the railways, passengers on SJ trains to Arlanda are discouraged by a surcharge and
there is no cooperation whatsoever between the Arlanda trains and the extensive suburban rail traffic of
Stockholm. While the trains are far from empty, the infrastructure capacity use is probably below 30%.
vii

A Swedish mega-sized lorry loading 40 tons will, at best, use 5 liters of diesel fuel per 10 km. To carry the
same load by air, an Airbus 300 is required, using an average of 138 liters of jet fuel per 10 km (calculated for a
1500 NM trip from it’s operating handbook). Both fuels hold 9.6 kWh per liter, Consequently the specific use
will be 5*9.6/40 = 1,2 kWh per 10 tonkm and 138*9.6/40 = 33 kWh per 10 tonkm, respectively. A train hauled
by an RC electric engine will use, roughly, 70% of its installed effect of 3800 kW hauling a 1200 ton load at 90
km/h. Specific use will be 3800*0.7/(1200*9) = 0,23 kWh per ton and 10 km. These calculations are a bit rough
but refinement will not change the basic picture.
viii

According to SVF the environmental problem has been solved a long time ago as this part of the website has
not been updated since September 1996.

ix

The Spanish decease had a strange pattern of infliction as it posed the greatest relative danger to, roughly, the
20-40 year age bracket. Many of the victims had barely survived World War 1, which made the decease all the
more tragic. Medical research seems to lack a clear explanation to this property of the decease and no research
can be performed as the virus is extinct, save the possibility (brought forward now and then) that it may have
survived in victims buried in permafrost regions like Spitzbergen. Other parts of Europe were devastated by the
war and its population more susceptible to the decease. All in all about 20 million people were killed in Europe,
more than the total toll of WW1, hence the Swedish relationship between Spanish decease and traffic victim is
not valid outside Sweden.

x

While few people would dispute the wisdom in turning right, the 1963 decision to do so nevertheless left an
eternal bad taint. The 1955 referendum on the issue, overridden by the 1963 decision, resulted in 83 % voting for
retained left hand traffic and 16 % in favor of a change.

xi

Regrettably this dismal process seems already on its way. According to newspaper reports from the recent
Tylösand conference, the subgoal appears to have been redefined to around 350 in the year 2013 including the
40-50 dying from disease or natural causes while driving. As regards these fatalities, some would argue that V0
pertains only to accidents and hence could be regarded as fulfilled when the death toll is down to these 40-50.
This however is not the case. Drivers dying from natural causes will frequently cause accidents to other travelers
and as some of these will be killed or severely injured, V0 must include also the natural casualties.

xii

The spinal reaction to suggestions like these is that reduced length, weight and speed of lorries would increase
the number of lorries. This is true only under the strange assumption that the volume of freight is exogenous or
God-given and not determined by relative transport costs which, in turn, are heavily influenced by lorry capacity.
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1. Introduction
Policy decisions in the area of traffic safety are based on, for example, socio-economic
evaluations of traffic accidents. Thereby, monetary values are fixed on prospective
safety improvements and casualties are commonly given an average cost or value.
These estimations should reflect the social utility of decreasing the number of fatal road
traffic accidents. Further, improved safety implies a reduction in the risk and savings in
the costs of casualties.
In the early 90’s, the Commission of the European Communities requested a review
(COST 313, 1994) of socio-economic costs of road traffic accidents in 14 countries.
That study showed disparities in a) the cost levels between the countries, with a range
from 0.1 to 2.2 million ECU, b) the level of the cost-elements included in the cost per
fatality, c) methods adopted to estimate the costs.
Since a methodological discussion of estimations of risk reductions can be seen in the
literature, (for example, Schwab Christe and Sougel 1995, Viscusi 1993, Beattie et al.
1998, Carthy et al 1999) we found it interesting to investigate the approaches adopted in
different countries for estimating socio-economic costs of road traffic accidents and if
the levels of the costs are revised. The purpose of this study is thereby, to assemble
information of costs per fatal casualty in traffic accidents in different countries. We
analyse and compare the values adopted by authorities in different countries, as well as
the methods used for estimating these values, both between countries and over time,
1990-1999. The basis for this time comparison is information from the COST 313
(1994) study.
At the end of 1999, we sent a questionnaire to individuals involved in the COST 313
survey and to other contact persons outside Europe. We received completed
questionnaires from 14 countries: Argentina (AR), Australia (AU), Austria (AT), Chile
(CL), Finland (FI), Germany (GE), Great Britain (GB), the Netherlands (NL), New
Zealand (NZ), Norway (NO), Poland (PL), Sweden (SE), Switzerland (CH) and the US.
Canada is excluded from the study, since their answers consisted of costs of the total
number of traffic accidents and were not given per fatality. Belgium and Italy answered
that no official values exist for road safety policy purposes, but some research projects
are ongoing.

2. Cost per Fatality
When estimating the costs of a fatal injury a number of cost-elements have to be
considered. The costs per fatality are commonly defined as direct and indirect costs,
plus a value of safety per se. The direct costs contains the cost-elements medical costs
(health care due to the accident, such as first aid, ambulance transport etc) and other
costs (for example property damage on vehicles and buildings, administration for
insurance companies, police and court due to the traffic accident). The indirect costs
comprise lost productive capacity that represents the value of lost production due to the
accident. Gross lost production is often determined by social security contribution and
income loss for the dead person. Net lost production refers to the value of gross lost
production minus the value of the individuals’ consumption lost.
The value of safety per se means human cost and a value of statistical life. Human cost
often refers to the pain, grief and suffering components that follow from a fatal injury
and reflects a value of risk aversion in general. The value of a statistical life (VOSL) is
for example estimated in hypothetical studies, where individuals give their willingness
to pay for a marginal risk reduction of a fatal injury. The VOSL is estimated by dividing
the respondents’ average willingness to pay by the individual risk reduction. For
example, if the respondents on average are willing to pay US$15 for a 1/100,000
reduction in the probability of death, the VOSL is US$1.5 million and would reflect the
populations’ value of a safety improvement involving the avoidance of one statistical
traffic death. The VOSL is often taken to include lost consumption. Therefore, when
considering total cost it is important to distinguish between human cost and VOSL and
how to add them to the lost productive capacity to avoid double counting.
In Figure 1, the cost per fatality in 1990 and 1999, divided into cost-elements, is shown
for the 14 countries from which we received completed questionnaires. The costs are
compared by converting the national cost figures by purchase power parities (PPP) into
US$ 1999 (OECD, United Nations 2000). In some cases, country-specific consumer
price indices were used to attain 1999 price level, since the cost figures were only
available for some earlier year (OECD, IMF 2000).

Figure 1. Cost per Fatality in 1990 and 1999, Converted by PPP, US$ 1999
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Between 1990 and 1999, the cost per fatality increased in almost every country, see
Figure 1. The mean cost was for the countries included in 1990 US$ 0.9 million and for
the countries included in 1999 US$ 1.2 million (fixed prices). The US, Norway and the
Netherlands showed the highest increase in cost per fatality while Switzerland and
Finland reduced the cost per fatality during the period. Unfortunately, we did not
receive 1990-values for Argentina, Chile, Poland and New Zealand.
For persons dying in traffic accidents, the health care is naturally limited and medical
costs are fairly small compared to the other cost-elements. However, all countries
included medical costs in the cost per fatality in both 1990 and 1999. From the answers
of our questionnaires we found that medical costs were calculated by administrative unit
prices or market prices in all countries.
The cost-elements lost productive capacity and human cost / VOSL represented the
largest parts of the costs per fatality in most countries.

2.1. Lost Productive Capacity
The lost productive capacity is often estimated by the human capital approach, which is
based on future productive potential of the victim and measures the loss to society due
to a fatal accident. The estimates of lost productive capacity is decided by a) if the
estimates include only the workforce and exclude children, unemployed and
housewives, b) if the costs include lost consumption or not, c) if future loss of earnings
are discounted and the level of the discount rate, d) if an assumed growth rate for
income or output is made explicit and the level of this growth rate.
In 1990 and 1999, all countries included a value of lost productive capacity, with the
Netherlands as an exception in 1990. In Figure 1, the lost productive capacity refers
to gross cost in all countries with Chile and Norway as exceptions in 1999. The lost
productive capacity presented for Chile and Norway in 1999 are therefore, not
comparable with the other countries.
The lost productive capacity in 1999 was in all countries estimated by average gross
earnings, gross income or gross national product. New Zealand however, has not
explicitly estimated lost productive capacity but lost consumption is taken to be
included in the VOSL. All estimates included future loss of earnings of those not
currently in the workforce (children, unemployed, housewives etc). The future loss of
earnings was discounted by a rate that varied from 0% in Poland, Austria, Switzerland
and Germany to 12% in Chile. Also the growth rates for income or output varied,
though not that strongly, from 0% to 2,4%, see Table 1. Consequently, these disparities
in growth rates and discount rates accounted for the variation in lost productive capacity
in 1999.

Table 1. Discount Rates and Growth Rates in 1999

AR
CL
PL
AT
CH
NL
AU
DE
FI
SE
GB
NZ
NO
US

Discount rate %
10
12
0
0
0
3
4
0
4
5
6
7
4

Growth rate %
0
0
0
0
1
0
2
0
2.4
1
2
2
1.5 wage work
0 household work

2.2. Value of Statistical Life / Human Cost
A value of statistical life may for example be estimated by the willingness to pay (WTP)
approach, which is based on preferences stated or implicitly revealed by individuals or
society. In the contingent valuation method, the individual willingness to pay is
estimated with questionnaires, where the respondents give their maximum willingness
to pay for a risk reduction. The revealed preference method investigates behaviour in
situations where reduced risk must be traded off against other commodities. The social
willingness to pay is obtained from implicit valuations in public decision making.
Human cost can for example be estimated by the use of insurance payments or court
compensation payments for pain and disfigurement for injured persons or for loss of life
of fatalities.
In 1990, Switzerland, Finland, Sweden, Great Britain and Australia included a value of
statistical life / human cost in the cost per fatality. Great Britain and Sweden conducted
contingent valuation studies, where a representative part of the population stated their
willingness to pay for risk reduction in road traffic. The human cost in Finland corresponded
to the cost of a 100% institutionalised disabled person and in Switzerland the human cost was
based on the evaluation of the loss of leisure time (COST 313, 1994). In Australia, the human
cost was settled by court compensation payments and political standards.
In 1999, all countries except Poland, Chile and Argentina estimated VOSL / human cost, see
Figure 1. Great Britain conducted a multi-stage approach which involves ”chaining together”
responses to contingent valuation and standard gamble answers. Sweden conducted a
contingent valuation study, where a representative part of the population stated their
willingness to pay for risk reduction in road traffic. New Zealand based the VOSL on both a
contingent valuation study and a stated preference study, which was a survey of speed choice
behaviour where a value of statistical life was stated as a function of the value of travel time.

Norway, the Netherlands and the US based the value on reviews of previous studies, metaanalysis. The meta-analysis in Norway was based on 80 willingness to pay studies conducted
in other countries, of seven types: wage-risk, the market, traffic users behaviour,
compensations, authorities implicit assessments, interviews, authorities explicit assessments.
The meta-analysis in the US was based on 47 willingness to pay studies, conducted in the US
and other countries, of four types: wage-risk, market, behavioural and contingent valuation
surveys. In the Netherlands the estimation was based on a review by European Transport
Safety Council (1997), where the VOSL for various countries were calculated by multiplying
the gross lost productivity in each country by 1.54. This ratio is a mean value based on the
relationship between the willingness to pay value and gross lost production in Finland, Great
Britain and Sweden.
The human cost in Finland was in 1999 based on the same approach as in 1990 and
corresponded to the cost of a 100% institutionalised disabled person. Switzerland however,
changed the estimation method and human cost was in 1999 based on court compensation
payments. Austria and Germany included human cost in the cost per fatality and estimated it
by insurance payments and court compensation payments respectively. Australia based the
human cost on court compensation payments and political standards as in 1990, see Table 2.
Table 2. Methods for Estimating VOSL / Human Cost
Method
Contingent valuation
Meta-analysis
Leisure time based
Expenditures of a disabled person
Court / insurance payments
Revealed preferences

1990
SE, UK
CH
FI
AU
-

1999
NZ, SE, GB1)
NL, NO, US
FI
AT, AU, CH, DE
NZ

Note: 1) ”chaining together” responses to contingent valuation and standard gamble answers.

4. Conclusions
In most countries the total cost per fatality, adopted by official authorities, increased
between 1990 and 1999. The mean cost was for the countries included in 1990 US$ 0.9
million and for the countries included in 1999 US$ 1.2 million (fixed prices). This
increase is larger than the mean increase in GDP in these countries. One explanation for
this increase is that more countries, in 1999, included the cost-element VOSL / human
cost in the cost per fatality, which was one of the recommendations in COST 313
(1994). Moreover, the methods of evaluation have changed in some countries and
thereby influenced the values. In average, revealed preference and meta-analysis yielded
the highest values followed by estimations based on leisure time and contingent
valuation. This relationship between cost per fatality and choice of valuation method
was also pointed out by Elvik (1995), comparing official economic costs of a traffic
accident fatality in 20 countries.
The more frequently estimation of VOSL / human cost has entailed a differentiation in
the methods adopted. An increased use of contingent valuation and court compensation
/ insurance payments were seen in 1999. Also, methods not used in 1990 such as metaanalysis and standard gamble were adopted, sometimes to complement or validate the
contingent valuation approach. Reviews of previous studies, meta-analysis, was for
example conducted in the Netherlands, Norway and the US and a type of revealed
preference was conducted in New Zealand.
More profound information about the studies conducted in the countries and new
studies not yet accepted by the countries’ authorities can be found in Trawén et al.
(2001).
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1. Traffic arrangements that takes account of children deserves attention
Accidents involving children on foot or on bicycles occur for almost 90% within built-up
areas. Some 33% of fatal traffic accidents involving children occur on journeys to and from
school and 67% at times during which children generally speaking would not be on the way
to or from school. Crossing the road unexpectedly from behind an obstacle is reported as
being the main cause of accidents for young pedestrians.
Parents or carers, due to their concern for traffic, fetch and bring children, even older
children. Each year there are for this reason 167 million movements per automobile made
within a radius of 0-2.5 km.
Despite this parental transportation and guidance service however some 50 children up to 14
years of age die in The Netherlands each year in traffic accidents.
Deficiencies in road safety, expansions of scale etcetera have resulted in children being:
• less independently mobile;
• in many instances able to pass their time only on safe children islands between which
parents commute;
• subject to retarded social, emotional and locomotion development.
This results in towns and cities being confronted with among other problems:
• departure of families from the town or city (reduction of economic stability, less varied
population structure);
• deterioration of the social network in neighbourhood and city and weakening of the social
safety.

2. Special features of children
Children are not small adults. They are undergoing a process of development. They have to
learn things literally step by step and their bodies have to develop centimetre by centimetre.
Growing up is a matter of trial and error. Nor is a child able to apply immediately what it has
learned without making mistakes – just as little as adults are able to.
Parked vehicles impede the view of young children just as they impede seeing these children
in good time from moving vehicles. See following table.
Age

Average height

2 year
4 year
6 year
8 year
10 year
12 year

90 cm
105 cm
120 cm
135 cm
145 cm
157 cm

Children between 4 and 8 years of age are able to cross the road correctly but only after being
instructed explicitly to do so. Children up to about 10 years of age are highly motivated in
exploring their environment and do unexpected things spontaneously. The ability to ride a
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bicycle progresses rapidly up to the age of 10 year. Children from the age of 13/14 year are
able to respond in traffic more or less satisfactorily. See following table.
Indication of age at which children are able or unable to undertake independently particular
tasks in traffic (depending on the children’s development process)
Age indication

crossing the road

cycling

4 – 8 year

in residential streets, and then
only with explicit instructions
up to 10/11 years of age long
reaction time and possibility
of spontaneous behaviour
no problem

only in very safe areas for
practice and play
technique itself requires a lot
of concentration and complex
situations are dangerous
complex situations form a
problem

9 – 12 year

13 year and older

In other words: traffic represents for children in many instances an insurmountable obstacle!
Despite the inability of children to behave in traffic according to the rules they want from an
early age to get out and explore their surroundings.
In the early stages they will do this close to home. With advancing age they go on to explore
their environment further. In this a distinction must be drawn between the action radius and
the reach of play of children. They often play in the area close to home. That always remains
the base of operations and the main play area. The action radius (by that meaning the distance
in which friends, school and the like are visited) is often greater.
Roughly speaking the action radius for children can be defined as follows:
• children up to 3 years of age play close to home;
• children up to 6 years of age play at a distance of less than 100 metre from home;
• children from 6 – 12 years of age have a reach of play of 300 - 600 m (neighbourhood);
• children from 10 year use the whole district as play area (800 - 1000m);
• children older than 12 years of age move throughout the entire municipality and beyond.
As children move further from home or as traffic pressures increase so does the risk to which
they are exposed. Many access roads are for young teenagers also an often-insurmountable
barrier. The action radius of children is today often many times smaller than it should be for
optimum development.
Children play for one–quarter to one–third of their time in formal play areas. Plots of grass,
streets and pavements are used equally often.
Formal play areas have an important role as meeting place for children (totem pole). This is
particularly important bearing the reduced number of children in society.

3. Traffic education
Traffic education at primary school level is devoted mainly to learning the traffic regulations.
Awareness has been growing in recent years that not only the theoretical treatment of the
regulations is important but also their application in practice.
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For this reason the new traffic methods are based on a more practical approach. The emphasis
of traffic education is on group 7 (children between 10 and 11 years of age). Exercises in
bicycling skills in the playground and as climax the award of the diploma have already
become routine at many schools.
Practising at school is however not enough. Research has demonstrated that daily practice on
the road from home to school, to friends and to the playground is important in developing and
honing children’s insight into road hazards. Also of great importance besides practice is the
example that adults provide. This has always been a primary task for parents and teaching
staff.
Traffic education for children may be summarised as follows:
• Learning the regulations and putting them into practice.
• Practising the use of the bicycle as a mode of transport (the more a child has practiced
cycling, the less attention it will need for cycling as such and the better it will be better to
devote its attention to the remaining traffic factors).
• Providing children with strategies to enable them to deal more effectively with potentially
dangerous situations and teaching them the technique of seeking a safe place to cross
roads and good timing for doing so. However: successfully applying these strategies will
depend on the children’s capacity to recognise potential danger in the most varied
circumstances.
• This means that the traffic lessons at school should devote attention – not only to
regulations and strategy – but to the physical environment of the school too. How safe is
that environment and how can it be made safer.
It is not enough that children learn the regulations by heart. They must be able to recognise or
detect the hazard before they can deal with it. And that continues even for children of about
10 years of age to remain difficult.
Traffic education for adults needs to concentrate in particular on the following points:
• Adults such as parents/carers or as professional working with children must learn the best
way of guiding children in traffic. Providing a good example and walking or cycling with
children and being attentive to what is happening on the street is a first impulse to traffic
education.
• Adults specifically are exposed to traffic education during driving lessons for their driving
license. This should involve in addition to the regulations the anticipated behaviour of
those participating in the traffic – specifically that of children. Adults tend to regularly err
in overestimating the proficiency of children in traffic. Drivers of vehicles for instance
generally assume that, if a child is looking in the direction of the vehicle, this means that it
has seen the vehicle and will give precedence to its driver. Both assumptions are
frequently erroneous.
Taking account of children’s limitations is a precondition for that group’s safety.
• It is important that drivers of vehicles anticipate not only what is happening on the road,
but also on either side of it. This means not only what is happening further along the road
but also what is taking place right and left on the pavement.
Traffic education for children needs therefore not only to devote attention to the learning of
regulations or putting them into practice, but also to teach strategies for hazardous situations.
Traffic education for adults must be directed to expanding knowledge of the anticipated
behaviour of children. Adults often overestimate children’s capacities.
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4. Recommendations for design
How can the special features, needs and requirements of children be translated into concrete
design recommendations? In this we must take into consideration two lines of approach:
Safe and agreeable movement
Children must be able to move about safely, to school to friends, to the neighbourhood store,
to meeting places and simply while playing in the neighbourhood.
Safe and agreeable places to stay
Children must be able to stay, play, hang out and enact their fantasies on pavement, street,
square and play area.
There is of course in the lives of children an overlap between moving and staying. Children
seldom travel solely purposefully to a destination. Along the way time is also occupied by
playing, activities, running, climbing. And conversely playing is not just sitting still or
playing in a playground, but hide-and-seek and tag or cycling through the neighbourhood
because the fancy takes them. The dividing line between staying and moving is extremely
theoretical and both aspects are important for children’s safe development to adulthood.
A) Balance between urban development and traffic organisation
The extent to which children (and other vulnerable participants in traffic) can move safely and
stay agreeably is determined by the urban environment. The urban and traffic structure and
arrangements determine that environment.
Within the urban structure there is more attention for:
• design and experience of space;
• location of activities (origin and destination);
• judicial/ urban planning establishment of ownership and use.
Within the traffic structure rather for:
• the introduction of hierarchic structure to roads;
• making the road ‘easy to read’;
• introducing profile (longitudinal and transverse).
The interaction of urban environment, the functions of buildings and environment and of the
design and function of the road network influence the attractiveness for the users of that
environment.
The input of both urban developers and traffic experts is important for the design and
modification of the existing built-up area. Roads solely designed for traffic processing are not
suitable for a residential area or ribbon development. Conversely an undifferentiated, boring
facade spoils the feeling of security of a street of houses.
B) Conflict-free solutions
The safety of walking and cycling children is best served and at its safest with the category
‘conflict-free roads’. Conflict-free in the sense that no motor vehicles (preferably no motor
scooters either) cross the footpath or cycle path. In all design stages it is important first to
examine conflict-free solutions for pedestrians and cyclists. That is for young children up to
about 6 years of age the only safe solution. But for older children too a conflict-free road is
and remains the safest solution. It is of course true that it will not in all situations be possible
to find a conflict-free solution. It is nevertheless the case that it will often be possible in
consultation with residents, housing corporations and other parties involved to actually
devise traffic-free roads.
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C) Maximum speed 30 km/h
Accident analysis has demonstrated that children are three times as likely to have an accident
on 50 km/h-roads as on roads where a maximum speed of 30 km/h applies. A 30 km/h-road
may not only have little traffic, a residential section where traffic travels at walking speed or
a peaceful residential street, but also a residential street with a relatively high traffic intensity.
When compared to neighbourhood access roads 30 km/h-roads have for children a number of
favourable features.
1. Braking distances are reduced from 33 m for 50 km/h to 15 m for 30 km/h.
2. The field of vision of the driver is wider and more closely oriented at low
speeds. The higher the speed the more the vision is directed further along
the carriageway (tunnel effect). See following illustration.

3. The injuries caused to pedestrians or cyclists by a collision with a motor
vehicle decline quadratically in severity with reduced speed of the vehicle.
D) Relocate children’s destinations within the area in which they are staying
Research into the size of areas in which children are staying shows that surfaces of 65 to 100
hectares can be realised and function satisfactorily. Experience shows that when smaller areas
– with as a result more access roads – are created, pedestrians and cyclists have to cross these
roads more often. On the other hand for larger areas the traffic intensity on the remaining
access roads increases with an attendant increase to their barrier effect. Pedestrians and
cyclists however have to cross access roads less frequently when the area in which they are
staying is larger.
The size of an area may also be influenced by its design and by the functions present in that
area. The following illustration provides a useful sequence of design:

E) Ensuring ‘transparent road layouts’
A very common cause of accidents involving children is their unexpected crossing of roads
from behind obstacles. Irrespective as to whether the child ran across the street while playing
or was seriously crossing but unfortunately took the wrong decision at the wrong time, it
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remains a fact that the driver failed to spot the child. An unimpeded view from road to
pavement is an important factor in determining whether or not children are at play. A long
row of parked vehicles obscures completely the possibility of seeing young children.
A ‘transparent layout’ will by definition be at the expense of parking facility. This will require
in the final analysis a political decision to be made between living conditions in the
neighbourhood and the provision of sufficient parking space for everybody.
Some features of transparent layout are:
• avoiding long rows of parked vehicles and the placing of (tall) flower pots, waste
containers, billboards and the like;
• establishment of collective parking areas at the perimeter of the neighbourhood/district
and a drastic reduction of parking spaces along the edges of roads;
• grouped or diagonal parking instead of lengthways parking provides somewhat more
parking area; the reduction to the number of parking spaces will in this way be less
draconian than when the lengthways parking spaces were eliminated completely;
• where there are concentrations of groups of children (school, playground and the like)
there must be an uninterrupted line of sight of 30 to 40 m to the right and left of these
facilities (assuming that they are situated on a private access road);
• for private access roads ensure for sight apertures at intervals of 50 m (regularly widen the
pavement so that crossing is possible, not from behind, but from the line of the parked
vehicles);
• good visibility often encourages speeding. This dilemma can be solved by physical
measures that render speeding more or less impossible.
Not like this:

This is better:
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F) Socially safe and differentiated environment
The following environmental aspects contribute among others to social safety:
• Good visibility – ensure that places where children could be in danger (dark woods, water
edges, concealed paths) are readily visible to people living in the vicinity and that there
are many slow traffic routes along them.
• Attractive residential environment – provide for an agreeably fitted residential
environment that is attractive to live in and well maintained. Litter, graffiti and damaged
street furniture create an uncomfortable impression and lead to a deterioration of
standards.
• An attractive residential environment is also one with lots of greenery, good, pedestrianfriendly (meaning low level) illumination and physical features on road and pavement that
fit in with the environment in terms of material, design and ambience.
• Careful choice of location – locating a children’s playground beside a district access road
will result in that children’s playground not being used. Neither will locating a snack bar
at a toddlers’ playground contribute to their playing outside but more probably invite the
children to enjoy the attractions in front of the snack bar.
G) Design safe school routes
We know from research that on average 80% of all primary school children lives within one
kilometre of the school. There are substantial differences for individual schools. The closer
the school, the greater the concentration of children in particular streets. Often at the
beginning and end of the school day the situation directly in front of the school is one of
immense chaos. Dealing with this chaos has both procedural aspects and physical,
infrastructural possibilities.
The closer the school, the greater the concentration of younger children and the greater the
need for a safe physical infrastructure. We can divide the school environment, adjacent to the
school entrance into three layers:
• school entrance (within 100 m of school);
• 100 to 500 m from school;
• 500 to 1000 m from school;
• 1000 to 2000 m from school.
Distances that children travel on average to school:
• less than 250 metre
18%;
• between 250 and 500 metre
31%;
• between 500 metre and 1 km
32%;
• more than 1 km
19%.
The layers suggest at the same time a sequence of approach. For organisational and financial
reasons it is often not possible to establish the whole service area of the school all at the same
time.
Start by establishing a safe immediate environment (within the 100 m). Then examine the
environment out to 500 m, where 50% of the children live. And deal as third and fourth stage
the wider environment.
Recommendations / potential measures for the school entrance and immediate environment:
• make the area around school traffic-free;
• organise the street in front of the school as school grounds;
• organise the street in front of the school as access road to the grounds;
• arrange on an access road to the area for a 30 km/h-road section;
• ensure that there is on the access road a safe crossing point;
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•
•
•
•
•
•
•
•
•
•
•

relocate the school entrance;
make provision for temporary access;
organise traffic wardens;
improve the facilities for pedestrians and cyclists;
make parking impossible;
kiss & ride;
restrict the width of carriageways;
waiting area;
storage for bicycles;
broad bicycle paths;
school bus.

Recommendations / potential measures for the 100-500 m layer:
• inventory the school routes used;
• look for conflict-free routes;
• provide – where necessary – for physical modifications;
• arrange for pedestrian-friendly lighting;
• ensure that the school route is recognisable and attractive.
Recommendations / potential measures for the 500-1000 m layer:
The measures to be adopted for this third layer are the same as for the 100-500 m layer
described above. The access roads to the area are in fact the greatest bottleneck here.
• ‘downgrade’ as far as possible the road to private access road when the school route
intersects an area access road;
• when not possible, ensure that the crossing point is safely laid out;
• ensure that the school route is recognisable and attractive;
• provide for at least one socially safe, well-illuminated ‘alternative’ assembly route.
Recommendations / potential measures for the 1000-2000 m layer:
For the layer from 1000 to 2000 m from school the same suggestions as above apply, with the
emphasis on good bicycle facilities and a safe cycling route. Measures to divert motor
scooters to the carriageway are important.
H) Design safely the other children’s routes too
Apart from attending school children also have a number of other destinations that they visit
regularly in larger groups. Play areas, squares, parks, the community centre, the local
groceries or baker with the sweets are destinations to be found in almost every
neighbourhood. Library, swimming pool, sports club are often a bit further away.
All these separate spots when taken together gain more coherence when connected together
by a logical and safe pedestrian network.
Just as for school routes these other children’s routes should also be recognisable and
attractive. Give consideration in this to their utility for children with a functional handicap and
to points of conflict with other road users. While height differences for example are attractive
to children, they are less suitable for the visibly handicapped.
Application of colours, tiles and play moments form an important factor in making those
routes visible and usable. The more children who use a particular route the more important its
layout becomes.
Moreover, what is good and safe for children is also good and safe for adults.

Safe design for children - page 9

I) Design of safe crossing facilities
Recommendations for crossing facilities for 30 km/h-roads:
traffic intensity

facility

up to 2000 mvt
(rush hour intensity = 200 mvts/h)
2000 to 4000 mvt
(rush hour intensity = 200 to 400 mvts/
hour)
more than 4000 mvt

the street is (moderately) easy to cross, even for
young children
harder for young children to cross, ensure for good
visibility from and to the pavement and for logical
crossing points on children’s routes
on school routes and other children’s routes that are
intensively used:
• zebra crossing/ pedestrian crossing on an island;
• narrowing of the carriageway;
• clear view of child crossing;
• central island (optional).

Recommendations for crossing facilities on area access roads (50 km/h-roads):
• road narrowing;
• central island;
• traffic crossing point / elevated zebra crossing;
• pedestrian traffic light;
• roundabouts;
• clear design for children on bicycles;
• traffic wardens.
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J) Create a network of qualitatively good and attractive residential environments
Translated in terms of design suggestions for safe and attractive residential environments this
means:
• Creating room for layout and circulation measures (the grounds, the pavement,
accessibility to interior areas, greenery, pedestrian streets, quiet streets).
• Creating space for parking arrangements.
• Space in time (parking after 18.00 hour, providing access to school ground after school
times, making waste ground child-friendly, the play street during the holidays).
• Other tips: demolish old buildings without rebuilding on their sites, variation of design
layout, variety of play areas and possibilities, creation of well-defined meeting places.

Summing up of recommendations for a safe design:
•
•
•
•
•
•
•
•
•

Collaborate from an early stage and constantly with the urban and traffic planner.
Always look first for conflict-free solutions.
30 km/h is the absolute maximum in areas where children circulate in or stay.
Ensure that the children’s destinations are within the residential area.
Provide for a ‘transparent road layout’, good visibility between pavement and road is of
crucial importance.
Provide for a socially safe and differentiated system in which the measures adopted for
material applied, design and ambience fit the environment.
Design safe school routes and other children’s routes.
Design safe crossings on 30 km/h-roads and district access roads.
Create a network of qualitatively good and attractive residential areas.

5. About the design process
The design process too invites explicit attention for a child-friendly design. For example:
• Inventory of information (questionnaires, observation, key figures in the municipality).
• Collaboration on the planning or project level (project-level collaboration at district and
neighbourhood level, collaborating in each phase of the plan with relevant people,
departments and organisations, collaborating at structural level, collaborating at policy
level).
• Collaborating with residents.
• Participation by children (questionnaire, interviews, observation of neighbourhood).

Literature
‘Handboek Ontwerpen voor kinderen’, CROW, publication 153, november 2000.
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Session 12. SPEED AND SPEED MANAGEMENT
Danish experiences with speed zones/variable speed limits
Lárus Ágústsson, Danish Road Directorate, Denmark
Intelligent speed adaptation – effects on driving behaviour
Mari Päätalo, VTT, Finland
The effect of weather controlled speed limits on driver behaviour on a two-lane road
Pirkko Rämä, VTT, Finland
Driving speed relative to the speed limit and relative to the perception of safe, enjoyable
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Antonio D’Andrea, Giuseppe Cantisani, Department of Hydraulic, Transportation and Roads,
University of Rome “La Sapienza”, Italy
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DANISH EXPERIENCES WITH SPEED ZONES/
VARIABLE SPEED LIMITS
Lárus Ágústsson, M.Sc. Civ. Eng. Project Manager, Road Sector Division,
Danish Road Directorate, Danish Ministry of Transport,
Niels Juels Gade 13, DK-1059 Copenhagen K, Denmark,
Tel. +45 33 93 33 38
Traffic and Accidents in Denmark
Inhabitants

5.1 million

Area

44,000 square km

Km of roads

70,000 km

No. of vehicles

1.9 million

Mileage

44 billion vehicle km

In Denmark 5.2 million inhabitants
live on 44.000 square km (table 1).
The road network is 70.000 km long
and 2 million vehicles drive
approximately 44 billion kilometres a
year.

Table Fel! Okänt växelargument..Key figures
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As in the majority of the
western European countries we
have seen a great reduction of
accidents in Denmark the past
30 years (figure 1). In 1971 the
number of road fatalities was
almost three times as high as in
2000. During the same period
the traffic grew from 22 to 44
billion vehicle km. A great
reduction in the frequency of
accidents has taken place – road
traffic is now approximately
five times safer than it was 25
years ago /1/!

Figure 1. Accidents in Denmark 1971 – 2000, /1/

The overall goal of the first Danish Road Safety Action plan from 1989 was to reduce the
number of fatalities and casualties by 40% from the average of the period 1986 - 1987 to the
year 2000, /2/. The plan did not entirely reach that goal, however a 30% reduction in
casualties is considered very satisfying.
The goal of the new Danish Road Safety Action Plan from last year is to reduce the number of
fatalities and serious casualties by 40% from 1998 to the year 2012, /3/. This plan is

ambitiously entitled "Each Accident is One too Many". The idea is that fatalities and
casualties should not be accepted neither by the road authorities nor by roadusers. The
Swedish zero vision inspires this idea. The main areas of action are accidents caused by
speeding, accidents caused by intoxicated drivers, accidents with bicyclists and accidents at
intersections. Of course overlapping between these areas will occur. For each area a number
of 62 actions are suggested. One example of suggested actions is the use of speed
management and speed zones.

Why is Speed Management an Important Urban Safety Measure?
Speed is one of the greatest problems related to traffic safety. When driver steps on the gas
pedal thus increasing speed he does not feel that he is increasing his risk to get involved in an
accident. The relationship between speed and accidents is well known – the higher the speed
the greater the risk for an accident and the greater are the consequences of the accident.
Drivers usually think they are able to handle high speed. However, traffic-safety experts argue
that there is a strict connection between speed and traffic accidents. It has been clearly shown
by several studies that speeding has a significant effect on road safety. Examples show that
even minor changes in speed can lead to quite large reductions in the number of road
accidents and injuries.
Most People have an innate instinct of
the danger heights involve. Having
“fear of heights” is common, whereas
the expression “fear of speed” is seldom
heard of. Most people quiver if they
imagine falling down from the balcony
of the third floor. Very few pedestrians
or cyclist have this sensation when they
move along in ordinary traffic.
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Figure 2. A Pedestrians Probability Of Beeing Killed When
Hit By A Car, /4/

However, should an accident occur, the
injury would be the same. The speed at
which one would hit the pavement upon
falling down from the third floor would
be app. 50 km/h, which is the speed at
which a car might hit someone in the
city. Only 6 out of 10 survive such an
accident (figure 2). If a pedestrian is hit
at a speed of 30 km/h the chance of his
or her survival is app. 95%. If on the
other hand the speed is 70 km/h the
chance of survival is less than 10%, /4/.

Researchers in the Swedish Road and
Transport Research Institute “Vägoch Transportforskningsintitut”
(VTI) have shown that a reduction of
speed from f.eks. 55 km/h to 50 km/h
reduces the risk of injuries by 20 –
25%. The same speed reduction
reduces the risk of serious injuries by
25 – 30% and the risk of fatalities by
35 – 40% according to VTI (figure 3)
/4/.
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Studies based on observation of
urban roads indicates that there is a
3-6% reduction in the number of
accidents for each 1.6 km/h (1 mph)
reduction in vehicle speed, /5/, /6/.
Not only the number of accidents but
especially the severity of the injuries
is highly correlated with speed,
particularly for vulnerable road users
i.e. pedestrians and people on bikes.

reduction in average speed [%]

The introduction of speed limits in
Denmark in general and later the
Figure 3. Reduction In Killed And Indjured With Given
reduction of the urban speed limit
Reduction In Average Speed, /4/
from 60 km/h to 50 km/h has reduced
the number of accidents greatly. But
a large number of Danish speed measurements have indicated that drivers still have
difficulties respecting speed limits on all types of roads. The average speed of the cars is
considerably higher than allowed. Estimates show that 100 fatal injuries and 1,500 injured
could be avoided in Denmark each year if only the average speed was lower than the speed
limits. This corresponds to 1/5th of the killed and 1/6th of the injured in Denmark each year.
Experiences gained throughout Europe points to the fact, that different kinds of speed
management have good safety effects. By use of traffic calming solutions, the observed safety
effect ranges from 15-80%, /7/. Action plans for speed management in residential areas have
resulted in improved safety but also action plans implemented on distributor roads or through
roads have shown safety effects in the area of 45-65%, /8/. Even on rural roads some projects
have resulted in a sizeable reduction in speed and number of accidents.
It has been estimated that a reduction of the average speed by 5 km/h on the entire EU road
network would decrease the annual number of fatalities in the EU by more than 11,000 and
the number of injury accidents by approximately 180,000. The savings are estimated at 30-40
billion ECU annually, /7/.

Travel time is obviously closely related to speed, and it
has been claimed that the benefits of speed management
programs could not compensate for private and social
time losses due to lowered speed levels. However, it has
been proven that the extra travel time needed on speed
management treated through roads is minimal. Also, the
average travel time is not necessarily higher than
elsewhere. Figure 4 shows the correlation between
speed and savings in travel time and the correlation
between speed and increases in accident risk; Driving 75
km/h in stead of 50 km/h saves you 20% of the travel
time, but the risk is twice as high!
Changes in speed do not only affect safety but also other
parameters as perceived risk, barrier effects, traffic
noise, energy consumption and pollution. Speed is also
an important factor when talking about quality of life in
cities, aesthetics, preservation of historical sites and other environmental aspects.
Figure 4. Travel Time Lost Compared
with Risk at Different Speeds, /9/.

In other words, when talking about Urban Safety Management, one cannot ignore that a key
issue is speed management. Managing the speed on urban roads is of crucial importance in
order to create a safe and secure road network, and to ensure a pleasant environment for road
users and people in general.

What is Speed Management?
Speed management is basically about regulating the car speed by use of various methods, i.e.
legislation, road layout measures/road design, visual effects, regulation, signing and marking,
enforcement, campaigns or advanced technology. Speed management is not necessarily about
reducing speed, but also to a considerable extent about planning and designing the road layout
and the road network in such a way that an appropriate speed is obtained. One of the key
elements in speed management planning is the road and speed classification (the preparation
of a road hierarchy). Roads in the road network are classified or designated to an appropriate
desired speed level, e.g. 30 km/h in residential areas or 60 km/h on major arterial roads. Speed
management techniques can therefore be applied to all kinds of urban roads, e.g. residential
roads (where the techniques are widely used today), arterial roads, distributor roads or
through roads, /10/. Speed management can also be applied on rural roads e.g. in scarp curves
and at intersections.
Traffic calming is a concept summarised as a number of initiatives to reduce the negative
impact of car traffic. The corresponding Danish word (trafiksandering) implies that traffic
conditions are made sound - and over the time the word has been used to label many different
kinds of measures. The definition of the concept, which has become generally accepted, is:

Conversion with the aim to reduce the volume of car traffic and/or to
reduce the car speeds - on a particular spot, in one or several streets, or in
a complete area.
Traffic calming has mainly been used in local areas in order to reduce the speed or the traffic
flow. This is made possible by using various speed management techniques.

A framework for Speed Management Programs
A general framework for a speed management program is illustrated in figure 5. The figure
outlines the main activities in the framework: The State of the transport system, Targets,
Strategy, Activities, Implementation and Evaluation.
The activity process is indicated in figure 5. However, the framework should not necessarily
be followed blindly, but rather be used as a guideline. Depending on the actual method of
speed management some of the activities might be left out.

State of the Transport System
Setting Targets
Strategy
Activities
•

Road and Speed classification

•

Speed Management Techniques

•

Draft Design

•

Involving the public

•

Priority

•

Detailed Design

Implementation
Evaluation
Figure 5. The Speed Management Process,
/10/

As it appears in figure 5, the activity ‘Involving
the Public’ is indicated in the middle of the
process. However, this does not imply that the
activity should be considered only at this stage.
As a starting point in the process, a statement on
safety problems, traffic data and the transport
system as a whole must be done. At this step, it
will be determined what the problems are, what
causes them - including underlying contributing
factors.
The identification of targets will clarify the
objectives and help point out responsibilities for
all parties involved. Furthermore, setting the
targets will make the established policy
measurable. Thus the targets can serve as a
starting point for the evaluation process.
In the stage of formulating a speed management
strategy, questions on economy, time plans,
policies, cost/benefit and the use of different
speed management techniques are to be taken
into account.
Subsequent to the strategy formulation,
activities concerning road and speed
classification (road hierarchy), public
involvement, design of speed management
techniques should be described.

The first step towards speed management is to establish a road hierarchy. Different roads have
different functions, and therefore speed management in urban areas must be based upon a
road function and speed classification system. In a number of European countries, here among
Denmark, such a classification system is a fundamental part of road planning and road safety.
The Danish road standards for Urban Areas distinguishes between three main kinds of traffic,
i.e. motor vehicles, vulnerable road users (pedestrians and cyclists) and public transport
(buses), /11/. So in planning the main municipal traffic structure, three types of traffic
networks are determined:
• The main road network (traffic roads)
• The main traffic network for vulnerable road users
• The network for public transport (buses)
Furthermore, ‘local residential areas’, which are areas in between traffic roads are defined.
*The road classification is the basis for all kinds of safety or traffic management programs.
The road classification contributes to the "centralising" of the environmental inconveniences
of traffic and reducing the number of roads where measures against traffic accidents are
necessary, improving capacity, etc. This being a condition which limits the use of resources
necessary to remedy the problems.
The roads are divided into two categories: Traffic roads and local roads, with four categories
of speed: high, medium, low and very low (figure 6). The geometry of the road will depend
on the speed references.

Figure 6. The Classified Road Network, /11/

As a first step in the road planning process, the road network is classified according to the
function of the road. Two types of roads are used in the classification: Traffic roads and local
roads, with each type divided into three speed classes. Traffic roads are mainly the major
roads, which serve the through traffic and traffic between urban areas, residential areas, etc.
Local roads serve only local or residential areas, workplaces, or shops.

A suitable grid of traffic roads is specified in the network. When determining whether or not a
road is classified as a traffic road, the following criteria are considered:
•
•
•
•
•
•
•
•

The road already functions as a traffic road.
Together with other traffic roads, the road defines local traffic areas of an appropriate size.
No buildings on the road have road frontage.
No shops or other traffic generating functions are directly facing the road.
There are only few vulnerable road users on the road.
There are few residential properties along the road.
The road has sufficient capacity.
The road is wide enough to establish bicycle facilities if needed.

It is rarely possible for the local authorities to fulfil all the criteria mentioned, and therefore
weighing of the criteria can be necessary.
Roads that are not defined as traffic roads will acquire the function of a local road. A local
road is a road that serve relatively few local and slowly driving cars. It is imperative that the
local roads are planned and shaped in such a manner that the speed will fall naturally to the
desired speed level i.e. 15 km/h in areas with playing children (Danish: opholdsområder) and
to 30 km/h in residential areas.
A final essential step in the speed management process is to carry out an evaluation of the
measures taken. At this stage, it must be determined whether or not the set target has been
reached, and if not, why? The evaluation should as a minimum include evaluations on safety,
speed, traffic flow, etc.
The framework is based on experiences from several speed management projects in urban
areas. Many of those projects have been partly funded by the Danish Traffic Fund
administrated by the Road Directorate.

Experiences with Speed management in Denmark – ‘The Mørkhøj Project’
The Danish Traffic Fund has backed the elaboration of speed management projects in several
municipalities. The Fund has the goal to “encourage regional and local authorities to work on
local road safety work including road safety action plans and speed management plans”.
Around 50 municipalities (out of 275) have prepared – or are preparing – a speed
management plan.
In 1995 the Municipality of Gladsaxe in the Copenhagen area received financial contribution
from the Danish Traffic Fund to carry out a pilot project regarding low speed limits on local
roads (speed zones), /12/, /13/, /14/. The Municipality of Gladsaxe is a residential suburb
located about 10 km from the centre of Copenhagen. Gladsaxe has a total area of 25 km2, and
around 61.500 inhabitants. It is one of the ten largest municipalities in Denmark.
The project was divided into two parts: Producing a Speed Management Plan for the
Municipality of Gladsaxe and establishing speed-zones in the Mørkhøj area with speed limits
of 40 km/h and 30 km/h.
The Speed Management Plan was made according to the framework in figure 5. In fact the
framework in figure 5 is to a great extent developed out of the experiences from Gladsaxe.

The plan divides the road network in 4 different classes:
•
•
•
•

Motorways administrated by the Road Directorate with a speed limit of 110 km/h,
Major traffic roads administrated by the County with a speed limit of 50, 60 or 70
km/h,
Traffic roads administrated by the municipality with a speed limit of 50 km/h,
Local, residential roads administrated by the municipality with a speed zone with speed
limit of 30 or 40 km/h.

The aim of the project in Mørkhøj was to improve traffic conditions by:
•
•
•
•

Lowering car speeds,
Increase safety,
Increase the amount of light road users and
Increase the inhabitants’ sense of responsibility towards road safety by involving them
and giving them influence.

The objective was to obtain a:
•
30% decrease in traffic injuries
•
20% decrease in the average speed
•
5% increase of cyclists
The Mørkhøj area is a clearly demarcated residential area with mixed buildings: both singlefamily houses with gardens and flats. The road network consists of long, straight roads
totaling 15.5 km in length. There is mainly local traffic in the area because there are no “short
cuts” through it, nor are there any jobs generating traffic volumes. There are four roads
leading into the main area. Furthermore two roads with dead ends are a part of the project.
The area had been suffering from high accident rate, as already demonstrated in a survey of
black spots conducted by the municipality in 1991. Because the roads are long and straight,
motorists drove relatively fast in the area, and sections with frequent crossings, contribute to
many of the accidents.
The residents where invited to take part in a team of local and national authorities and other
interested parties. The team completed the problem description, the road and speed
classification and the plan for the changes in road design. These changes were discussed after
an introduction presented by the municipality. The involvement of the residents has been very
important, because the residents have personal experience with the traffic in the area.
Combined with the traditional analyses, such as speed measurements and accident analyses,
the residents could help clarify the problems created by traffic in the area. Taking part in the
effort to improve traffic safety in their residential area also made them more understanding of
need for changes.
The idea was to carry out experiments in the Mørkhøj area by establishing a zone with a
speed limit of 40 km/h and with use of a minimum number of speed reducing measures.
Those should be designed according to recommendations in the Danish road guidelines but
fewer in number, meaning the distance between the actual measures e.g. humps are greater.

Ports

Raised areas

Hump

The actual changes in
road design (figure 7)
consisted of the
construction of 6 prewarnings with bedding
plants and humps, 7
raised crossings and 15
humps in the area. In
order to resolve problems
such as speeding,
accidents or residents
who do not feel safe, the
municipality decided to
make use of the
comparatively cheap
circular shaped asphalt
hump. In Denmark
humps are frequently
made use of to reduce the
speed in city areas.

Figure 7. The Plan For Physical Changes, /12/.

The number of speed reducing measures where reduced form the recommended 55 to only 28,
in order to save money and to assess the effect of a this kind of solution. The distances
between the measures were between 200 and 250 m. The speed humps and raised areas were
made of red asphalt with red granit. The total cost was of approx. 175.000 US dollars.
The new speed limit was introduced on 1st October 1996 and a campaign was launched. The
residents were informed of the new speed limit in different ways. A folder was sent to all
households, and a competition was held at the two schools in the area in which the children
could win gift vouchers for the local cycle shop. The local newspapers wrote about the
project, and the project was also mentioned in regional radio and TV. There were also
roadside posters showing the logo in the area. The police were out in the area checking speeds
in November 1996. Their assessment was that motorists in general respected the new speed
limit.
In April 1999 automatic speed control was introduced in the municipality of Gladsaxe.
The evaluation consisted of:
•
•
•
•

Effect on speed levels
Effect on number of bicycles
Public opinion and
Effect on accidents.

Traffic speeds were measured before the project started, six months after changes were
completed and again after two years had passed.

The statistics show that
the largest speed
reductions were observed
50
just after the beginning of
the project. The average
40
speed has increased
slightly since then. There
was a decrease in average
30
speeds of up to 32 %,
corresponding to a
20
decrease in average speed
from 53 to 36 km/h
10
(figure 8). The 85%
before
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fractal dropped approx.
0
15 – 30 %. Also the
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proportion of cars going
Figure 8. Effects On Speed, /13/
over 40 km/h has
dropped.
The average speed dropped dramatically on the busiest roads in the area and roads with speed
reducing measures had the largest speed reductions.
Effects on speed

average speed (km /h)

60

It was not possible to se any changes in the number of bicycles because of too few statistics in
the before period.
A survey carried out in the spring of
1997 proved that the local inhabitants
were satisfied with the project. 75 %
of the residents were of the opinion
that 40 km/h or less is a suitable speed
limit in the area, and 22 % of the
residents were of the opinion that 50
km/h is suitable.
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Figure 9. Question: ”Which speed limit do you think is
most appropriate for the Mørkhøj area?” /13/
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About 40% of the pedestrians and
cyclists feel safer in the area after the
changes than before. The percentage of
drivers who feel safer is 25%
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Figure 10. Question: “Do You Feel Safer Now In Your Area
Than Before Traffic Management Was Carried Out” /13/

Accident analyses were divided into periods of three years before and three years after the
changes were made. The analyses show that the number of accidents were reduced from 16
accidents in the before period (1993-1995 incl.) to a total of 1 in the three year after period
(1997-1999) as shown in table 2.
Number of
accidents before
[1993-95]

Area
Denmark
Gladsaxe Municipality

Number of
accidents after
[1997-99]

Difference

Percent

58568

51514

7054

12 %

310

158

52

49 %

16

1

15

94 %

Mørkhøj

Table 2. Accidents In Mørkhøj Compared With The Rest Of The Municipality And Denmark As a Hole,
/15/.

In the accident analyses the reduction in accidents in Mørkhøj is compared with the reduction
in accidents in the Gladsaxe municipality and in Denmark. The table shows that accidents in
Denmark had decreased by 12% in the after period than the before period. In the Gladsaxe
municipality the reduction in accidents was 49% and in the Mørkhøj area the reduction was
94%! It is safe to say that the speed zone in the Mørkhøj area has meant a significant
reduction in the number of accidents.
Table 3 shows the severity of accident in the period before and after the changes were made in
Mørkhøj .

Period

Number of
accidents

Killed

Seriously
injured

Slightly
injured

Not
injured

Total
number of
persons
involved

1993-1995

16

1

7

2

14

24

1997-1999

1

0

0

1

1

2

Table 3. Number Of Persons Involved In The Accidents Divided Into How Serious The Injuries Where,
/15/.

The table shows that there was only one person slightly injured in the after period. In the
before period there was one fatal accident, seven people seriously injured and two people
slightly injured. One can conclude that the speed zone in the Mørkhøj area has significantly
reduced the number of injuries.
In view of the results the town council decided in 2000 that the remainder of the speed
management plan for the entire Gladsaxe Municipality should be implemented. The Road
Directorate has given a financial contribution from the Road Fund to the establishment of
similar zones in the entire municipality. The plan was implemented autumn 2000 and covers a
total road length of approx. 100-km. The new project consists of approx. 55 circular speed
humps and 200 zone signs. The project will contribute to achieving the overall objective – a
reduction in the number of people killed and injured in road accidents. The first results are
expected to be published next year.
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INTELLIGENT SPEED ADAPTATION – EFFECTS ON DRIVING
BEHAVIOUR
Mari Päätalo, Harri Peltola and Mikko Kallio
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P.O. Box 1800, FIN-02044 VTT, Finland
Tel. +358 9 456 6205, fax. +358 9 464 850, e-mail. Mari.Paatalo@vtt.fi
The objective was to answer the following questions:
• How do the drivers experience the different types of ISA: Informative, compulsory
and recording?
• How does the ISAffect driving behaviour?
• What are the differences between the different types of ISA systems?
In a field study 24 subjects drove the instrumented car with route guidance and Intelligent
Speed Adaptation (ISA). Every subject drove the same route four times. The route included
different types of traffic environment with different speed limits. The speed limits were 40,
60, 70 and 80 kilometres per hour and the environment varied from motorway to residential
area.

Figure 1. The instrumented car. The driver’s view of the system.

The Instrumented car
The instrumented vehicle is a normal passenger car with concealed measuring equipment that
is based on the Global Positioning System (GPS). The car ‘knows’ the current speed limit by
the location.
The subjects were 30 to 50 years old. They were owners of a Toyota Corolla, with manual
gears, which was the same type of vehicle used as the instrumented car. The subjects were
selected randomly from the owners of cars similar to the instrumented car.
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Testing method
The subjects drove the route four times, getting different information each time: One of the
times the route was driven only with route guidance, which was used as a base level. The
other three times driver used different types of ISA. Each driver used the systems in a
different order to minimize the influence of learning. The ISA systems were an informing
system, a compulsory system and a recording system.
The route guidance was shown with arrows before an intersection. If the route straightened
over the intersection and there was no possibility of misunderstanding, the arrow was not
shown. If there was a possibility of misunderstanding, the name of the place or the street was
displayed at the monitor, which was the same name as seen on traffic signs.
When a new message was displayed on the monitor, a beep sound attracted the driver’s
attention to the monitor. This way the driver could concentrate on driving without looking at
the monitor all the time.
In order to obtain as reliable results as possible, the drivers were not told that their traffic
behaviour was being recorded, but only that the research objective wasto test the usability of
the systems.
The subjects drove the route alone, i.e. without the presence of the experimenter. The route
was shown to the driver from the map before the first drive. The map was given to the driver
in case there were any problems following the route. The drivers were also provided with cell
phones and the experimenter’s cell phone number in case of any problems. Each driver was
encouraged to rely on the route guidance, and only to use the aid in a problem situation. The
difficulties in finding the right route were checked from the GPS data.
The system modes in the test comprised.
1. Only the route guidance. The driver was only given the direction arrows at the
intersections. No information about the current speed limit.

Figure 2. The route guidance system. Above the arrow was the name of the road or the place if
there was a possibility of misunderstanding.

2

2. Informative system. In addition to the route guidance, the driver was given the
information on current speed limit on the monitor. If he drove faster, the system voice
signal said – SPEED OFFENCE and the same text was displayed on the monitor. The
voice signal was repeated every ten seconds until the speed dropped to within the limit.
Despite the feedback, the driver was free to drive at the speed he wanted.

Figure 3. The informative system. The yellow text means ‘SPEED OFFENCE’ and was shown if
the driver was speeding.

3. Compulsory system. In addition to the route guidance, the current speed limit was shown
on the monitor. When the vehicle reached the current speed limit, a yellow spot was
displayed to inform the driver of the situation. At the same time, the block on the gas
pedal was activated, so the car could not exceed the speed limit.

.
Figure 4. The compulsory system. The yellow spot on the monitor indicates that the vehicle’s
speed has reached the current speed limit.

3

4. Recording system. The driver was aware that his speed behaviour was being recorded.
The diagram on the monitor shows the driver how muchhe has been speeding. The system
gives information on the length of time the driver has been speeding from the beginning
of the drive. The speeding offences are categoried in three different groups.
• Speed offence less than 5 km/h
• Speed offence from 5 to 10 km/h
• Speed offence over 10 km/h
To avoid too much information on the monitor, the diagram was not shown at the same time
as the route guidance arrow. The drivers were told that the speed limit offence diagram would
only be used by the driver himself and by the experimenter.

Figure 5. The recording system. The diagram shows the length of time from the beginning of the
route that the driver has been speeding.
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Results
The route was about 17.6 kilometres long. The average number of times per minute the
drivers used the driving the route is shown in Figure 6. It can be seen that there was no
significant difference in the driving times.
Time
28.0
27.0

27.1
26.2

minutes

25.0

0.0
Only route
guidance

Informing
system

Compulsory
system

Recording
system

Figure 6. The average driving time with different systems.
Mean
System
Overall driving speed Driving speed
Only the route guidance
42.6
46.5
Informing system
39.4
43.7
Compulsory system
39.2
43.1
Recording system
40.6
44.5

Table 1. The overall driving speed and driving speed without stops.

The driving speeds are shown in Table XX. The overall driving speed with only the route
guidance was 42.6 km/h and when the stops were taken away from the travel time, the
average driving speed was 46.5 km/h. The stops were defined as situations where the
vehicle’s speed was 1 km/h or lower.
Speeding with different ISAs
The time the drivers speeded with different system modes is shown in Figure 6. Every ISA
system was recorded to reduce the time speeding from the base level. The time speeding at
the base level was 9 minutes With the compulsory system the time speeding was only 2.3
minutes, which is 6.7 minutes less than the base level. The informing system was also an
effective speed reducer with 3.5 minutes reduction. With the recorded system the time
reduction was 3,3minutes.
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The time speeding with the different systems

over
10
km/h

10.0
minutes

1.5
0.4

5-10
km/h

0.4
4.6
2.6

0.1
1.8

4.0

Informing
System

Compulsory
System

Recording
System

0.0
Only the
route
guidance

0-5
km/h

Figure 7. Time speeding with the different systems.

The different speed limit areas
One interesting point was to study whether speed adaptation would be especially effective for
some type of traffic information. Figure 7 a shows that the length of time speeding was
greatest in the 40 and 80 km/h speed limit area. The biggest reduction due to the ISA systems
was recorded in the same speed limits.
Informing system - length of time speeding

Only the route guidance - length of time
speeding

over 10
km/h

70%
60%
50%
40%
30%
20%
10%
0%

over 10
km/h

70%
60%
50%

5-10
km/h

40%

5-10
km/h

30%
20%

40

50

60

70

80

0-5
km/h

10%
0%
40

50

Speed limit

60

70

80

0-5
km/h

Speed limit

Recording system - length of time speeding

Compulsory system - length of time speeding

over 10
km/h

70%
60%

over 10
km/h

70%
60%
50%

50%

5-10
km/h

40%
30%

5-10
km/h

40%
30%
20%

20%
10%
0%
40

50

60

Speed limit

70

80

0-5
km/h

10%
0%
40

50

60

70

80

0-5
km/h

Speed limit

Figure 8 a, b, c and d. The influence of ISA on speeding in different speed limit areas.
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The speed limit
Route guidance
40
50
60
70
80

58,6 %
21,2 %
32,7 %
29,3 %
51,9 %

Change in time in speeding with ISA-system
(percentage units)
Informing
Compulsory
Recording
system
system
system
-37,3 %
-43,7 %
-22,9 %
-13,8 %
-16,6 %
-9,6 %
-17,0 %
15,5 %
-16,1 %
-19,1 %
-24,9 %
-14,2 %
-30,0 %
-45,1 %
-21,2 %

Table 2. The base level and change of speeded time with different ISAs.
Interviews
After every test drive the driver answered questions about the system. Most of the questions
were the same every time and they were based on WORKLOAD questions. The aim was to
find out how the driver felt about each system and what their attitude would be to the systems
in everyday use. In particular, the aim was to determine the possible differences between the
systems. The results of the interviews are shown in Figure 9.
WORKLOAD

2.58

Mental demand
Time pressure

2.00
2.08
2.13

3.29

Only the route
guidance
4.04
4.25

3.21
6.33
6.58
6.21
6.92

Control
1.67

Effort

2.58
2.33

2.08

Insecurity

3.92

3.21
2.79

Frustration

3.92

1.58
1.54
2.25
1.67

Compulsory
system

7.08
7.04
6.75
7.33

Safety
3.29

The influence of the
system

6.21
6.63

4.83

Acceptability

6.13
6.58

4.54

Traffic safety
improvement
1.00

Informative

3.00

4.00

1=low

5.00

Redording
system

6.00
6.13
6.25

4.92
2.00

7.63

6.00

7.00

8.00

9.00

9=high

Figure 9. The results of the interviews

The drivers seemed to find the mental demand of driving highest in the compulsory and
recording system. 25 % of the subjects found ‘required attention and concentration’ to be
high (answers from 7 to 9) with these systems.
It is interesting to note that drivers felt high time pressure with the compulsory system; 20 %
of the drivers felt that they had to hurry (from 7 to 9) with the compulsory system, while for
the other systems the same percentage was near 4.
In addition, the effort needed, the frustration and the insecurity were highest with the
compulsory system.
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Was your driving different from usual because of the
system?
1=no, 9=yes

How safe do you think your driving was?
1=not so safe, 9=very safe
7-9

100 %

4-6

80 %

7-9

100 %
4-6

80 %
1-3

60 %

60 %
1-3

Recording
system

Recording
system

Compulsory
system

Compulsory
system

0%
Only the
route
guidance

0%
Informing
system

20 %

Only the
route
guidance

20 %

Informing
system

40 %

40 %

Figure 10. Influence of the systems on driving and safety.
Do you think that this type of system would improve traffic
safety ?

1=no, 9=yes

1=no, 9=yes

7-9

40%

1-3

100%
60%

Recording System

20%
Compulsory
Systemnopeudensäätel
y

40%

0%

Informing System

20%
Only the route
guidance

7-9

80%

4-6

0%

1-3
Recording
System

4-6

60%

Compulsory
Systemnopeude
nsäätely

80%

Only the route
guidance

100%

Informing
System

If this type of system would be on market, could you
take it to your car?

Figure 11. Acceptability and traffic safety improvement.

Free comments
In the interview forms the subjects completed after every test drive, the opportunity for free
comments was also given. The comments of the drivers were documented as much as
possible.
The drivers were very satisfied with the route guidance. Some mentioned some faults in the
messages; either the messages were given too early or too late. Every driver thought that the
system would be very useful especially in unfamiliar places.
In every ISA system, the information of the speed limit was found to be very advantageous.
Some drivers, who used the mode with only the route guidance after ISA system(s), even
mentioned that they missed the speed limit information.
The informative system with the voice signal was found to be annoying. The drivers thought
that every 10 seconds was far too often. A message ‘sometimes’ was said to be welcome. A
good situation for a message would be when the speed limit changes, for example, when
leaving the motorway and entering a built up area. The drivers also thought that the
informative system was too rigid, the caution was given immediately when the speed was
over the speed limit. Some flexibility was agreeable.
The compulsory system was considered very irritating and even dangerous. The drivers were
worried about situations when there would be a need to get out of the way. The drivers also
thought that the compulsory system makes other car drivers drive very close thus likely to
cause more rear-end collisions.
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Despite the irritation, the compulsory system was mentioned to be effective in speed
management. The drivers asked if the system could be switched off, and admitted that if they
could switch off the system, they would probably not use it.
The recording system was considered desirable. The drivers were interested in their own
speed behaviour. Some drivers suggested that the speed information could be seen
‘sometimes’, or example, you could look at the amount of your speeding at the end of the
day.

Willingness to pay
The subjects were asked how much they would pay for the system if it were voluntary and
chargeable. There were no optional answers given, so the answers were all based on what
were the subjects’ ideas of the price for the system. No hint was given from the experimenter.
The answers varied from 15 euros to 2 500 euros. Therefore, strong conclusions from this
cannot be drawn, but again we can study the differences between the groups. 19 subjects
(79%) were ready to pay some amount of money. For the recording system 16 subjects (67%)
named a price. The informing system got 13 (54%) subjects to name a price, and for the
compulsory system the number of subjects was 11 (45 %). The willingness to pay follows the
results of other interview results, which indicate the recording system is the most acceptable
ISA-system.
Price, Euros

Only the route
guidance

Informing
system

Compulsory
system

Recording
system

no price named
1 to 170
170 to 830
830 to 1700
over 1700
All

5
6
11
0
2
24

11
4
8
1

13
3
8

8
8
8

24

24

24

Table 3. Willingness to pay. The price the drivers named they would pay for the system.
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Conclusions
The driving time differences from the base level to the different ISA systems were not
significant. However, ISA systems seemed to be effective in reducing speeding, especially
excessive speeding.
The most effective speed reducer seemed to be the compulsory system. The informing system
was also effective and some reduction was also seen with the recording system.
The problem is that the acceptability of ISA systems was just the opposite. The compulsory
system was rejected, and the informing system was not found very enjoyable. Nevertheless,
the drivers approved this one more, because they felt that they still had control of their car,
even though the voice signal was considered to be annoying. In the WORKLOAD interviews
and in the free comments the drivers were very pleased with the extra information. The
recording system was the most popular. One interesting point is how effective the recording
system would be in the future, in everyday use. The recording system was tested without any
mentioned consequences – the speed offence result was only indicated to the driver himself
and the experimenter.
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EFFECTS OF WEATHER CONTROLLED SPEED LIMITS
ON DRIVER BEHAVIOUR ON A TWO-LANE ROAD
Pirkko Rämä, Juha Raitio, Virpi Anttila and Anna Schirokoff
VTT Communities and Infrastructure
Pl 1902, FIN-02044 VTT
Phone +358 9 4561
E-mail: pirkko.rama@vtt.fi
BACKGROUND
The development of ITS (Intelligent Transport Systems) has caused road authorities to pay
more attention to the provision of traffic information. New technology has produced smart
sensors and automated data collection, modification and processing systems such as Road
Weather Stations (RWSs). Traffic Management Centres (TMC) have been established to collect many types of data from roads, manage and process it, and deliver information not only to
maintenance personnel but also to drivers. Consequently, the road authorities have at their
disposal a large quantity of updated information useful for many purposes, including traffic
management and information. One way to provide information to drivers is variable message
signs (VMS).
The Finnish Road Administration has adopted a policy to develop ITS applications gradually,
using experimentation on a problem-driven as opposed to technology-driven basis (Finnra
1998). A significant problem in northern countries is the relatively high accident risk during
slippery road conditions in winter. The risk of injury accidents in Finland has been estimated
to be over nine times higher on snowy roads and 20 times higher on icy road surfaces than on
dry bare roads (Polvinen 1985; Malmivuo & Peltola 1997). Lowered speed limits during the
winter season have proved an effective measure in improving traffic safety (Peltola 2000), but
more dynamic speed control systems have also been developed to complement the seasonal
speed limits. In many cases these systems may also include warnings based on changing circumstances. Another motivation for developing the speed limit system is to increase the fluency of traffic flow by increasing the seasonal speed limit in winter during periods when road
conditions are good.
On the weather-controlled E18 road in Southeast Finland speed limits are controlled by data
from unmanned RWSs. The speed limits are lowered automatically during adverse road conditions and in some cases signs for slippery road conditions are displayed as well. The total
length of the weather-controlled road is currently 25 km. Six RWSs along this section collect
standard meteorological data, which is fed automatically every 5 minutes to the central station
for storage and analysis. The central unit of the road weather information system also analyses
road conditions and recommends speed limits accordingly, transmitting them to the traffic
signs' control logistics equipment. All signs have both data and electric wiring and are connected to the technical building by a standard industrial bus. The signs can also be controlled
manually (Pilli-Sihvola 1994, Toivonen 1996).
All speed limit signs on the section are variable fibre-optic signs. In addition, there are 13 information displays consisting of two sign modules: a fibre-optic warning sign and a text information LED sign.
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The system was implemented and studied in two phases: the motorway section was implemented first and the two-lane road section was set up next. On the motorway section the system was used only to improve traffic safety. The speed limits were lowered during adverse
road conditions from 100 km/h to 80 km/h in winter and in summer from 120 km/h to 100
km/h or 80 km/h. The studies showed that the lowered speed limits improved safety by decreasing mean speed and standard deviation of speed (Rämä 1999). The effect on mean speed
was 3.4 km/h for cars travelling in free flow traffic. The system was also well accepted by
drivers (Rämä and Luoma 1997).
On the two-lane road section the speed limits used were 60 km/h, 80 km/h, 100 km/h. The
difference compared to the motorway study was that the system was also used to increase the
speed limit in winter from the seasonal limit when road conditions were as good as in summer. During adverse road conditions, both in winter and in summer, lower speed limits were
used. In addition, the warning for slippery road conditions was shown on the information display when needed.
This study of the two-lane road section investigated the effects of dynamic speed limits and
slippery warnings on driving speeds and headways. Driver acceptance of the weathercontrolled road was also studied. A reliability analysis was performed in addition.
METHOD
Speed and headway data were obtained from loop detectors. There were two automatic traffic
collection stations on the experimental road section: one on the semi-motorway section and
the other on the single-carriageway section. The design was a before-after study with a control
road section. Because of the speed limits in the before data (Table 1), the single carriageway
was used to estimate the effects of the system in winter and the semi-motorway to estimate
the effects in summer. The before data was collected during 1997 and the after data during the
next 2 years.
Table 1: Speed Limits in the Before Data.

Measurement point
Single-carriageway road, experimental
Semi-motorway, experimental
Control road section

Wintertime speed limit
(km/h)
80
100
80

Summertime speed limit
(km/h)
80
100
100

Analysis of variance was used to estimate the significance of mean speed effects. The main
statistical analyses focused on cars travelling in free flow traffic. Cars were defined to be in
free flow when the distance to the vehicle ahead was more than 5 seconds.
A log linear model was used to estimate the effects on the proportion of headways less than 1
second in queues. The vehicle was defined to be in a queue if the distance to the vehicle ahead
was 5 seconds or less. The effects on headways were computed for traffic of 200-400 vehicles
per hour.
For the analyses the weather and road conditions were categorised in three classes: poor,
moderate and good. The data was analysed and the estimates computed separately for each
weather and road class. In the models the explanatory variables were the message (speed limit
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and other information on the displays), measurement point (experimental or control), year
(before or after implementation of the system), day of the week, quantity of traffic, weather
and road condition and interaction of messages and weather condition. The speeds and number of short headways were assumed to follow a normal distribution. The p-value is given for
all statistical testing.
For the interviews, drivers were randomly picked from the traffic flow and directed to a rest
area. The final data consisted of 327 drivers.
Manual observations of weather and road conditions were made to assess the reliability of operation of the weather-controlled system. The data, which included friction measurements,
was obtained mainly during adverse road conditions.
RESULTS
Mean Speed Effects
The 100 km/h speed limit was displayed at the measurement point on the single-carriageway
road 9% of the total time and the 60 km/h limit 1% of the time. The rest of the time, the
posted limit was 80 km/h. The slippery road condition sign was displayed 2% of the time.
The results showed that raising the speed limit from 80 km/h to 100 km/h increased the mean
speed by 3.9 km/h (p < 0.05) for cars travelling in free flow traffic in good road surface conditions (Table 2). If the speed limit was kept at 80 km/h but displayed with fibre-optic signs
(instead of fixed signs), the mean speed decreased in good road conditions by 3.2 km/h (p <
0.05) but increased by 1 km/h (p < 0.05) in bad and moderate road surface conditions. If the
slippery road sign was displayed the mean speed decreased by 2.5 km/h (p < 0.05) in poor
road conditions.
Table 2: Effects of VMS on Mean Speed for Cars Travelling in Free Flow Traffic (> 5 Sec) in
Winter. In the Reference Situation the Speed Limit Was 80 km/h.

VMS

80 km/h + slippery
road condition sign
80 km/h

100 km/h

Weather and
Road Condition
Poor
Normal
Good
Poor
Normal
Good
Poor
Normal
Good

% of the
Time
2.5
2.6
0.6
12.5
58.6
14.4
0.1
3.3
5.3

Effect,
Km/h
-2.5*
-1.0*
-8.3*
+ 1.1*
+1.3*
-3.2*
+7.3*
+5.4*
+3.9*

* p < 0.05
The highest speed limit was infrequently displayed contrary to the control policy during poor
weather and road conditions (0.1-3.3% of data). The increase of mean speed was greater in
normal than in good conditions and was very substantial (7.3 km/h) in poor conditions.
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In summer, the speed limit was normally 100 km/h. After implementation of the system during the first summer period the 80 km/h speed limit was posted approximately 3% of the time.
The reason for lowering the speed limit was usually rain and danger of aquaplaning,
Lowering the speed limit from 100 km/h to 80 km/h decreased the mean speed of cars travelling in free flow traffic by 3 km/h (p < 0.05) during poor weather conditions in summer. The
variable 100 km/h speed limit shown by a fibre-optic sign increased the mean speed slightly
more than a fixed sign.
Table 3: Effects of VMS on Mean Speed for Cars Travelling in Free Flow Traffic (> 5 Sec) in
Summer. In the Reference Situation the Speed Limit Was 100 km/h.

VMS
80 km/h
100 km/h

Weather and
Road Condition
Poor
Normal
Good

% of the
Time
0.4
21.4
74.2

Effect,
Km/h
-3.0*
+1.0*
+0.4*

* p < 0.05
The effects on traffic as a whole were somewhat smaller than on cars in free flow traffic.
Effects on Headways
The slippery road sign reduced the proportion of drivers in queues with headways less than 1
second by 25-27% (p < 0.05, Table 4). The decrease of speed limit from 100 km/h to 80 km/h
decreased the proportion of short headways in normal and good conditions by 10-15% (p <
0.05). If the 100 km/h speed limit was shown during normal conditions (against the control
policy), the proportion of short headways was substantially increased. The effect was 31% (p
< 0.05).
Table 4: Effect of VMS on the Proportion of Headways Less than 1 Second in Winter. In the
Reference Situation the Speed Limit Was 80 km/h.

VMS
80 km/h + slippery
road condition sign
80 km/h

100 km/h

Weather and
Road Condition
Poor
Normal
Good
Poor
Normal
Good
Poor
Normal
Good

Effect
- 27 %*
- 25 %*
-5%
- 10 %*
- 15 %*
+ 31 %*
-4%

* p < 0.05
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Driver Acceptance
During the roadside interviews 95% (n=327) of the drivers recalled the speed limit shown by
the variable sign. Recall of the variable 'Other danger' sign was 73%; of these, 77% recalled
the 'Gusty wind' message below it as well. The text message 'Mind the safety margin' was recalled by 47% of drivers. Of those who passed the 'Gusty wind' message, 57% considered the
message to have influenced their behaviour. Of those who passed the 'Mind the safety margin'
45% considered the message to have changed their behaviour.
Seventy percent of the drivers knew that weather and road conditions affect the speed limits
shown. Also, 56% of the drivers knew the speed limits to be based on real-time weather and
road condition data; most drivers (96%) considered variable signs operated this way to be
worthwhile. The system was believed to improve traffic safety and the fluency of traffic flow,
and to improve compliance with speed limits. Forty-four percent thought that the speed limits
were not always appropriate to the situation. Sixty-seven percent deemed the control system
to be reliable always or most of the time.
Reliability
Based on observations and friction measurements the speed limit and use of the sign for slippery road were estimated to be in agreement with the control strategy and circumstances in
76% of cases. The inappropriate speed limits were usually lower than the reference. However,
the 60 km/h speed limit was very seldom used, as its implementation during automatic control
is based only on the detection of low visibility. Consequently, manual control is still necessary to aid the system in identifying slippery conditions.
DISCUSSION
The effects of the system on the two-lane section were as expected if the system is appropriately used. The increase of mean speed improved traffic fluency under good road conditions.
The results showed that raising the speed limit from 80 km/h to 100 km/h increases the mean
speed by 3.9 km/h for cars travelling in free flow traffic in good road surface conditions.
Under adverse road conditions the VMSs decreased the mean speed and increased the headways between vehicles, which is desirable for traffic safety. First, lowering the speed limit
from 100 km/h to 80 km/h decreased the mean speed of cars travelling in free flow traffic by
3 km/h during poor weather conditions. Second, if the slippery road warning was displayed
the mean speed decreased by 2.5 km/h in poor road conditions. Third, the slippery road sign
improved traffic safety by reducing the proportion of headways less than 1 second in queues
by 25%, to 27%. Earlier speed measurements (Rämä and Kulmala 2000) have not shown a
similar effect of the slippery road sign on mean speed although drivers have reported that the
sign influence driving speed in general and in curves particular (Luoma, Rämä, Penttinen and
Anttila 2000). In this study, however, the traffic volume was higher than in the previous
study. In addition, the criterion for short headway was now 1 second compared with 1.5 seconds in the previous study. Furthermore, the decrease of speed limit from 100 km/h to 80
km/h also reduced the proportion of short headways.
If the speed limit was kept at 80 km/h but displayed with fibre-optic signs (instead of fixed
signs), the mean speed decreased in good road conditions by 3.2 km/h but increased in poor
and moderate road surface conditions by 1 km/h. The result indicates the effectiveness of fi-
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bre-optic variable speed limit signs. They are experienced by drivers not only as the highest
allowed speeds, but also apparently as recommendations.
The same phenomenon is obvious in the inappropriate use of the variable speed limit system
when the highest speed limit was shown contrary to the control policy. The increase of mean
speed seemed to be dependent on the weather and road conditions and was very substantial
(7.3 km/h) in poor conditions. If the 100 km/h speed limit was shown during normal conditions against the control policy, the proportion of short headways increased substantially. It
would seem that the overly high speed limit prevented drivers from taking into account the
adverse road conditions.
Drivers are accepting VMSs on the E18 road. Most of the drivers (96%) considered variable
signs based on real-time weather and road condition data to be worthwhile. VMSs were also
recalled well compared to fixed signs. It was expected that the effects would be more
pronounced if drivers were aware of the control strategies of VMS. Interviews have shown
that drivers are largely aware that weather conditions determine the posted speed limits (Räma
and Luoma 1997), but when drivers were asked in greater detail about this only 56% of them
thought that control was based on sensors (collecting real-time data). This lack of
understanding of control strategies implies that there might be some potential for increasing
the effects of the system. The drivers assessed the system to improve traffic safety, fluency of
traffic flow and to compliance with speed limits.
Based on observations and friction measurements, the speed limit and use of the sign for slippery road were estimated to be in agreement with the control strategy and circumstances in
76% of cases. There is a need for further development of an error-free system. Meanwhile,
manual control is still necessary to aid the system in identifying slippery conditions.
The findings suggest that the use of variable speed limits calls for a sophisticated control system. Inadequate speed limits increase the mean speed excessively and decrease headways
substantially, compromising traffic safety. Drivers both accept variable speed limits and rely
on the system.

6

REFERENCES
Finnra. 1998. Finnra’s strategy for traffic management. Helsinki: Finnish National Road Administration, Traffic Services.
Luoma, J., Rämä, P., Penttinen, M. and Anttila, V. 2000. Effects of variable message signs for
slippery road conditions on reported driver behaviour. Transportation Research Part F Vol. 3,
pp. 75 - 84.
Malmivuo, M. & Peltola, H. 1997. Talviajan liikenneturvallisuus – tilastollinen tarkastelu
(Traffic safety at wintertime – a statistical investigation). Helsinki: Tielaitos. (Tielaitoksen
selvityksiä 6/1997).
Peltola, H. 2000. Seasonally changing speed limits: Effects on speeds and accidents. Transportation Research Record, 1734, pp. 46–51.
Pilli-Sihvola, Y. 1994. Weather-controlled traffic signs. In, Proceedings of the IXth PIARC
International Winter Road Congress, Vol. 1. Vienna: Bundesministerium für wirtschaftliche
Angelegenheiten. pp. 55–60.
Polvinen, P. 1985. Talvikelien onnettomuusriskit (Accident risks in winter road conditions).
Helsinki: Tie- ja vesirakennushallitus, Ins.tsto Pentti Polvinen Ky. (TVH 741822).
Rämä, P. 1999. Effects of weather-controlled variable speed limits and warning signs on
driver behavior. Transportation Research Record, 1689, pp. 53 - 59.
Rämä, P. and Kulmala, R. 2000. Effects of variable message signs for slippery road conditions on driving speed and headways. Transportation Research Part F Vol. 3, pp. 85 - 94.
Rämä, P. and Luoma, J. 1997. Driver acceptance of weather-controlled road signs and displays. Transportation Research Record, 1573, pp. 72 - 75.
Toivonen, K. 1996. Technical description of the weather controlled road in the south-eastern
Finland. In, Proceedings of the 8th International Road Weather Conference SIRWEC. Birmingham: Standing International Road Weather Conference. pp. 179–185.

7
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ABSTRACT
Two hundred and twenty five drivers, who stopped at gas stations on the highway
were interviewed about their perceptions of safe, enjoyable, economical, and actual
driving speeds, as well as on their knowledge of the speed limit on the road they were
driving. These evaluations were then compared to each other as well as to the posted
speed limit. Each driver also rated himself/herself on three scales relative to being a
safe, a considerate, and an aggressive driver.
Regardless of the actual speed limit, drivers rated economical speed as being the
lowest (92 km/hr), and enjoyable speed as being the highest (105 km/hr). The speed
they drove with family in the car was similar to the perceived safe speed and
economic speed. In contrast, the average reported actual speed (when driving alone)
was significantly above the speed limit and close to the enjoyable speed. Thus it
appears that drivers adjust their speed to be a little below the level that they desire (as
being enjoyable). However, the level of adjustment is relatively small, indicating that
neither safety nor savings are major determinants of speed choice.
Other factors which correlated significantly with the perceptions of safe, economical,
and enjoyable speeds were the posted legal speed limit (road service level), driver
gender, and past record of moving traffic citations. All perceived/estimated speeds
were higher on the roads with higher speed limits; men estimated higher speeds than
women, and drivers with repeated citations estimated higher speeds than drivers with
zero or one citation only in the past two years.
This survey has implications for means of affecting speed choice by relying on factors
to which drivers are already sensitive such as safety, savings, and concern for others.
INTRODUCTION
Speeding is arguably one of the single most important contributor to accident causes,
and definitely a primary determinant of crash injuries (Shinar, 1998). It is therefore
not surprising that enforcement agencies expand much of their traffic safety efforts in
speed enforcement. However, driving speed is dictated by multiple considerations,
only one of which is the posted legal speed limit. At least three approaches to
understanding drivers’ choice of speed: can be identified: the motivational approach
that includes risk perception, the cognitive or information processing approach, and
the traffic flow or conflict approach. The motivational risk perception approach
assumes that drivers accept a certain risk level, and adjust their driving to maintain the
same perceived risk level. Wilde’s (Wilde, Clasxton-Oldfield, and Platenius, 1985)
risk homeostasis theory is one example of that approach and it predicts that
improvements in the roadway should lead to higher speeds and not necessarily
reduction in crashes. The information processing approach treats the driver as a

limited capacity processor, and according to this approach drivers adjust their speed so
as not to exceed the maximal rate of information inputs that they must process. The
traffic conflict approach assumes a macro perspective, and suggests that drivers seek
to reduce variance between their speed and the speed of others, thereby adopting the
‘prevailing’ speed as their own.
Empirical evidence to at least partially support each of these approaches has been
around for a long time (for example Wilde, et al. 1985; Shinar, 1978, Naatanan and
Summala, 1976, and Solomon, 1964). Therefore, a driver’s choice of speed, is most
likely to be dictated by a mixture of factors relating to all three approaches. It is also
known, that the legal speed limit per se is not a compelling factor in drivers’ choice of
speeds, especially in the absence of enforcement (Noguchi, 1990).
As long as we don’t know how drivers’ actual speeds relate to other relevant factors,
attempts to coerce drivers to observe the speed limits through public information
campaigns, signs, and enforcement will not be very cost-effective. In this study I
looked at the relationship between drivers’ choice of speed and other ‘speeds’ such as
their perceived ‘safe speed’ perceived ‘economic speed’ and perceived ‘enjoyable/fun
speed’ on different roads.
Previous studies have shown that actual speeds vary from the desired, safe, or
economic speed. Thus Elliot (1981) found that drivers adjust their speed more in
accordance with their perception of the safe speed than with the posted speed limits.
Noguchi (1990) found that drivers actual and estimated ‘optimal’ speeds are greater
than the posted speed limits, and greater than their perceived ‘safe’ speeds.
In the present study I tried to relate drivers’ actual reported speed to three different
types of variables. The first was drivers’ perceptions of what constituted safe,
economical, pleasurable (fun), and legal speeds on the specific roads where they were
interviewed. The second was biographical information that could be related to the
drivers’ approach to speed (even if it does not directly affect it), including age, gender,
marital status, and accident and violation record. The third was drivers’ self
perceptions of their driving style in terms of aggressiveness, consideration of other
drivers, and safety.
METHOD
Subjects. A random sample of 225 drivers (66% males and 34% females) who stopped
to fill their tanks at gas stations located along intercity highways.
Procedure. All information was collected on sunny weekdays between 12 PM and 4
PM, to minimize the influence of weather and rush hour traffic on the speed estimates.
The interviews were conducted at six gas stations, two stations at each road type,
distinguished from each other by their speed limits: 80, 90, and 100 km/hr. In Israel,
100 km/hr roads are limited-access divided highways, 90 km/hr roads are typically
divided highways but with intersections, and 80 km/hr roads are typically two-lane
rural highways. Seventy five drivers were interviewed at each of the road types. The
interviews were anonymous and lasted 3-4 minutes (less than the time the drivers
were occupied in having their gas tanks filled). Consequently, almost all drivers
agreed to be interviewed.

Survey questions. The survey questions covered three areas:
1. Speed Categories: in their opinion, for the road on which they were now
traveling, drivers were asked to estimate the ‘safe’, ‘economic’, and ‘fun’
speeds. What are their usual driving speeds when traveling alone, and when
traveling with their family. What, as far as they know, is the posted speed
limit.
2. Biographical background: Age, gender, marital status, number of children,
number of accidents in the past 3 years, number of citations for moving traffic
violations in the past two years.
3. Self perception on three scales related to driving style: aggressiveness behind
the wheel, consideration for other road users, and being a careful driver.
RESULTS AND DISCUSSION
Perceptions of the Different Speed Categories
There was a relatively high relationship between the different speed estimates. The
correlations among the economic, fun, actual, safe speeds ranged from 0.51 to 0.73.
Furthermore, these speed estimates were much less related to the drivers’ estimates of
the legal speed limits on the roads they were driving. The correlations were the lowest
with the speed when driving with the family (r=0.29) and the fun speed (r=0.32). They
were higher with the usual speed (0.38), the perceived safe speed (0.41), and the
perceived economic speed (0.42). When analyzed separately for each road type, the
correlations among the economic, fun, actual, and safe speeds remained
approximately the same, while the correlations of these estimates with the estimated
speed limit dropped significantly (to an average of 0.27 for the 80n km/hr roads, 0.00
for the 90 km/hr roads, and 0.15 for the 100 km/hr roads). The estimated levels for
each of these speeds are presented below in the context of other variables.
Perceptions of Speed and Speed Limits
The results of the repeated measures analysis of variance (ANOVA) showed highly
significant main effects of Speed limit [F(2,219)=42.03, p<.0001], and Speed category
[f(5,1095)=71.23, p<.0001], and a significant interaction between them as well
[F(10,1110)= 2.22, p=.015]. The effects of the Speed category and actual speed limit
on the estimated speeds are presented in Figure 1. As can be seen from that figure,
there is a high degree of similarity among the three road types (supported by a nonsignificant interaction between these variables). Regardless of the legal speed limit,
drivers’ enjoyable/fun speed is higher than all other speeds (based on a Scheffe test at
p<.0001 for all other speeds except the usual speed, and at p=.04 relative to the actual
speed). The drivers’ usual speed is generally closest to the fun speed, and the
difference between the two average speeds is only 2-4 km/hr on the different
roadways. Finally, the speed with family in the car, the perceived safe speed, and the
perceived economic speed are the lowest of all speeds and they are generally not
significantly different from each other. However, on the roads with the lower speed
limits (80 and 90 km/hr), they are still significantly higher than the perceived legal
speed limit.

Figure 1.
Mean Selected Speed as a Function of
Speed Category and Actual Speed Limit
F(10,1110)=2.22; p<.0146
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Gender and Perception of Speeds
The effects of gender on the estimated speed was also highly significant,
[F(1,219)=25.97, p<.0001], as was the interaction between Gender and Speed
Category [F(5, 1095)=7.02, p<.0001]. These effects are displayed in Figure 2. As can
be seen from that figure, the significant interaction is due to the nearly constant
difference between men and women on all speed measures except the estimated speed
limit. The average true speed limit was 90 km/hr and both men and women were very
accurate, both groups yielding an average estimated speed limit of 90.5 km/hr. The
accuracy in estimating the correct speed limit is also noticeable in Figure 1 where the
average for each of the three road types was very close to the actual speed limit on that
road. In general men and women modify their speed perception in a similar fashion,
but relative to women, men enjoy driving faster, believe that their safety is maintained
at higher speeds, believe that the most economical speeds are higher, and -with or
without family in the car - generally drive at higher speeds.

Figure 2
Selected Speed as a Function of
Gender and Speed Category
F(5,1095)=7.02; p<.0000
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Actual vs Perceived Speed Limit
The relationship between the estimated speed limit and posted speed limit was also
quite high, r = 0.79, and reflected a specific bias as shown in Figure 3. As can be seen
from that figure, at the lowest posted speed limit – 80 km/hr – people tended to
overestimate the legal speed, while at the highest speed limit (100 km/hr), people
tended to underestimate it.
Figure 3
ESTIMATED SPEED LIMIT AS A FUNCTION OF POSTED SPEED LIMIT
80
60
40
20

Frequency

0
80

90

100

110

Posted Speed Limit 80

80

90

100

110

Posted Speed Limit 90

80
60
40
20
0
80

90

100

110

Posted Speed Limit 100

Speed Estimates and Past violations
To test the relationship between past moving traffic violations and the different speed
estimates all drivers were grouped into one of two groups: low violators with 0 or one

citations in the past two years and high violators with 2 or more violators in the past
two years. An ANOVA on Speed Category (6) by Violations (2) yielded highly
significant main effects and interaction [F(1,223)=13.85, p=.0003; F(5,1115)=93.97,
p<.0001; F(5,1115)=6.38, p<.0001]. As can be seen from Figure 4, the high violators
provided significantly higher speed estimates for all speeds except the estimated legal
speed limit. Thus, their chosen speed correlated with the other estimated speeds but
not with their estimated speed limit. Furthermore the greatest differences between the
two groups were in what they considered the fun speed and in their reported actual
speeds.
Figure 4.
Estimated Speed as a Function of Speed Category
and Moving Traffic Violations
F(5,1115)=6.38; p<.0000
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To test the relationship between the number of accidents in the past three years and
the different speed estimates all drivers were grouped into one of three groups: no
accidents (225 drivers), 1 accident (40 drivers), and 2-3 accidents (15 drivers). An
ANOVA on Speed Category (6) by Accidents (3) yielded only a significant effect of
Speeds (as above). Nonetheless, the trend is quite similar to that observed for
violations, and is therefore presented in Figure 5. It appears that the high accident
drivers generally report greater speeds, especially with respect to their fun speeds and
actual speeds.

Figure 5
Estimated Speed as a Function of Accident Involvement
2-way interaction
F(10,1110)=.82; p<.6083
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Self Perceptions of Driving Style and Involvement in Violations and Crashes
The three measures of self-perception of driving style suggested that the perception of
being a safe driver is independent of the self perception of aggression or consideration
towards other drivers (r=-0.14 and r=0.19 respectively), but the latter two are related
to each other (r=-.54). ANOVA’s conducted to test the relationship between crashes
and violations as independent variables, and the three measures of driving style,
yielded only one significant effect: Drivers with 2+ violations had a significantly
higher aggression score than drivers with 0-1 violations [with average scores of 3.5
and 2.7 on a scale of 1-5. F(1,223)=6.20, p=.0135]. Thus the evidence from this study
on the relationship between perceived driving style and driving record is not strong.
CONCLUSIONS AND RECOMMENDATIONS
1. Speed with family on all roads is lower than speed alone, and not different
than perceived safe speed.
2. It is not surprising that actual speed increases with increasing posted speed
limits. However, the other speeds, the fun, the economic, and the safe also
increase. Thus as the roadway service level increases, people need greater
speeds to feel the ‘fun’, and feel that they can drive at higher speeds to remain
safe, and even to remain economical.
3. The fact that women report lower speed levels on all speed measures is
consistent with the recurrent findings that women are lower risk-takers and
safer drivers (Evans, 1991). Interestingly, even women report that their usual
driving speed is greater than their perceived safe speed or the speed they drive
when there is family in the car.
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Abstract
While driving road vehicles, the perception of external environment may be determining
for the drivers’ behaviour. In particular, users determine and control the main parameters of
the motion (transversal position and speed of the vehicle) on the basis of their estimation of
road geometry, distance from lateral obstacles and from other vehicles, width of lanes, and so
on.
Drivers constantly compare the "desired" motion (as being adequate to the local
conditions) with the actual motion state. A better evaluation of the motion state of the vehicle
occurs through sensorial perceptions, rather than the use of board instrumentation.
The observation of the user’s behaviour, in various local conditions (environment,
signalling and road section), is a most important target when studying the degree of influence
of human factor on road safety. It is fundamental to focus the research on the appropriate use
of all those elements which influence the user at the unconscious level (road facilities,
horizontal and vertical signals, and so on). This, in fact, may be determining as to a positive
modification of the drivers’ options, in particular when it comes to the choice of the speed.
In this paper, we present an experimental study carried out in various road sections by
means of an original methodology: we have acquired video-camera recordings and processed
data by means of a semi-automatic procedure in order to obtain the speed and the position of
every vehicle.
The research was preceded by a first phase where measurements have been taken and
evaluated for a better knowledge of the conditioning effects on the users. Afterwards, various
devices and special arrangements of signalling have been experimented in a given road
section. By doing so, it has been calculated, at each installation, the modifications induced on
the vehicles motion, in terms of speed and transversal position, under various environmental
an temporal conditions (day and night lighting).
We have studied a straight road section, during three different traffic flows, under four
lighting and four weather conditions. We have worked on a total of six thousand vehicles,
comprising four different typologies. Results show the effectiveness of different tested
configurations, and indicate, under each environmental an temporal condition, the most
appropriate equipment for a better management of the vehicular speed and transversal
position.
1

Introduction
Interactions between drivers of road vehicles and the environment are mostly of two kinds:
the first one has to do with the data transfer from the environment to man, while the second
one concerns the psychomotorial activity of man. Such activity consists of actions and
processes involving different functional human activities.
As far as the action of driving vehicles is concerned, the first kind of interaction, that is to
say the perception of information coming from the outside, has a high influence on the users’
driving behaviour. A more extensive knowledge of this aspect is, therefore, a most important
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target of all studies concerned with the relation between man’s psycho-physical performances
and road safety.
Infact, in more recent years, there has been a high development of “passive safety”
devices, that is to say protection measures aiming at the drivers’ and passengers physical
safety in case of accident (which are useful in order to minimize injury). Adequate knowledge
of “active” devices is still missing: that is structural, geometrical and optical arrangements
and systems, being able to reduce the probability of road accidents. We hope to obtain such
development of this second type of contribution to road safety.
2

Human perception during vehicular driving
While driving road vehicles, all sensorial systems are involved in the perceptive processes.
The possibility of intervening during this phase of acquisition of informations from the
external environment, would allow to affect certain aspects of the user behaviour that are
often motive of accidents. Informations acquired by the drivers come mostly from sight and
hearing. The present study intends to find out more about the relationships between sight
sensations and driving behaviour. The user does not receive, instant by instant, numerical
data. He compares on a quality level, speed and its own vehicle path, the position (and
motion state, if any) of the other existing physical elements (fixed or in motion).
It is also known that certain determining informations may go lost through several
selective processes characterising the personal “attention process”. Assessment of the level of
importance of each single information is, infact, subjective and subconscious and occurs by
means of mechanisms being missed by a critical process.
Unconscious (Unwitting) perceptive activities, therefore, exerted by the driver while in
motion, have a determining role in the act of driving. It is undoubtedly right to channel
research on the proper use of all elements (road arrangements, horizontal and vertical
signalling, and so on), that may influence human behaviour at the unconscious level. It is also
determining to become more aware of the impact that these elements may have on the driving
behaviour both on the quality and the quantity levels.
The most valuable motion parameters, for the research purposes, have been driving speed
and the transversal position of the vehicles, as being referred to a given point of the road
section (normally, the right margin). For the sake of brevity, this second parameter - revealing
the vehicle trajectory - will be named “dislocation” or “transversal dislocation” of the vehicle
on the road section under test.
3

Method of experimentation

3.1 Research tools
Common video-cameras have been used and fixed next to the road lane, hidden behind the
trees or parked vehicles, away from the drivers’ sight. Several recordings have been made in
this way which have revealed speed and transversal dislocation of the vehicles in motion.
These parameters have been estimated indirectly according to the lows of perspective from
bidimensional images, by the method described in [4]. It is the same procedure adopted in the
case of the photogrammetric surveys. This system has been duly equipped and mastered in
the course of the research. This has been done replacing the TV screen with the PC screen by
means of a process of graphic digitisation. A process which has been made possible by a
video-input card that transforms a magnetic tape into a video file (*.avi) compatible with any
modern personal computer.
A graphic tri-dimensional software helped to simplify and accelerate in a considerable way
the calculation of the motion parameters, because the real coordinates of the digitalized image
could be simply obtained (Figure 1).
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Figure 1: graphic digitalisation: real image, virtual image, and software overlapping.

In order to guarantee the accuracy of the surveys, such procedure needs to be calibrate
before any filming is carried out (Figure 2). This allows an error range not higher then 1%
during daytime surveys, and not higher than 5% during night surveys.

Figure 2: calibration with a specimen.

3.1.1 Survey sample for the estimation of speed and dislocation
The calibration of the survey system which is done by using metric
some instants along given points of the filming range allows to detect a
projecting on the road pavement a rectangle within which measures
because it is less affected by optical aberration.
In this particular zone, speed and vehicles dislocations are analysed
following way (Figure 3):

stakes arranged for
zone of the screen
accuracy is higher
by working in the
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1. stopping the video image when the vehicle shows its right back wheel in the sensing
zone. At this stage, one marks point A (Xa ; Ya ): contact point between tyre and road
pavement in the display frame “i”;
2. moving forward the screen by two display frames, the position of the wheel will
obviously change; the new contact point between tyre and road pavement has to be
marked, that is point B (Xb ; Yb ) in the display frame “i+2”;
3. give the speed and the dislocation by elementary analytical relations.
As for the calculation of the dislocation is concerned, it has to be pointed out that if the
vehicle moved in a perfect parallel direction with respect to the edge-line and in total absence
of any setting error, the Ya and Yb values would coincide. Generally speaking, this does not
occur. Thus, in order to find out one single dislocation value, it is preferable to work out the
mean of the two measured values.

Figure 3: Stopped image in the display frame “i” and “i+2”.

3.1.2 Accuracy of surveys
Accuracy of speed and dislocation has been estimated by verifying the linear measure of
sample objects. Releaved differences are of low importance and it is believed that errors in
working out dislocation and speed calculations be of the same value as the survey procedure
is the same.
One remarks a difference, anyway, between daylight and night shooting. Daylight shooting
allowed to set the closing of the video-camera shutter at a speed range of 1/4000 per second:
this value produces very clear images even in the case of objects in motion. During the night
shootings when lighting is low, the shutter closing speed must be set at 1/60 per second. This
type of setting produces extremely less sharp images reducing survey accuracy. This is why
daylight measure accuracy is 1%, while night surveys accuracy is 5%.
3.2 Storing and treatment of data
Speed and dislocation inquiries have been hold on each vehicle in transit on the roads
under test and have been worked out according to the example above. To speed up operations,
all information has been recorded in a database by the creation of a file containing all
information, speed and dislocation values related to each video shooting. In the electronic
spreadsheet named “surveys” the following data have been recorded: the vehicle progressive
number, category, cartesian coordinates of the main points, display frame number, speed and
dislocation, driving conditions. It has been even worked out the percentage of the different
types of vehicles, the time flow represented by the flow of similar vehicles and isolated
vehicles, queued-up vehicles, overtaking vehicles and those vehicles driving irregularly.
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Under the “queued-up vehicles” sheet is reported all data concerning those vehicles
keeping a temporal distance from the front car lower than two seconds. There are also other
columns telling the temporal and spatial outdistancing, dislocation difference with respect to
the first vehicle of the group, position (numeric order in the group).

Figure 4: Exemples of the electronic spreadsheets called “surveys” and “queued-up vehicles”.

3.3 Targets and phases of the research
The research targets have been set out by planning consequential stages.
In the first phase the following elements has been investigated:
§ Users’ behaviour enquiries in terms of trajectories (transversal dislocation), speed and
outdistancing as referred to several road sections having different characteristics.
§ Trying to find relations among different conditions that are believed to be potential
causes conditioning the user’s behaviour. In particular: width of lanes, weather
conditions, lighting conditions, traffic flow, other factors (a gallery entrance, inspection
systems, vehicles driving the opposite way, and so on)
§ Quality and quantity of the real incidence of the previous factors, for the different
categories of the vehicles (utility cars, sedan, trucks, heavy trucks).
The results of observations has made it possible to plan the second phase of the research.
The target was to test some devices able to affect the subjective perception of the motion
parameters in order to induce positive changes in the users’ behaviour.
The chosen sites to carry out the surveys and subsequent tests were found both according
to the eligibility of the layout to study the conditioning factors and according to the
availability showed by public administration and the possibility to set the equipment for the
surveys.
4

Development of the tests
The driving behaviour is both conditioned by the road geometry, the environmental
conditions and by the user’s characteristics. In order to limit the influence of the geometrical
factors, rectilinear road sections with no longitudinal gradient were chosen. By doing so, in
the process of data investigation, all the effects connected to driving in curves, could be
avoided.
Therefore, the kind of road being tested has been the following: two line roads with two
traffic directions, without intersections and in-coming roads, with lanes and shoulders
characterized by different widths and, in some cases, with sidewalks. Two examples are in
Figure 5.
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Figure 5: Two road sections under test.

New equipment testing has been carried out mostly on a local road out of town of Latina,
where it would be very important to increase safety level because of the high rate of accidents
occurrence.
Keeping this as a target and being it known and ascertained the relation between driving
speed and the risk of a road incident (meant as a product between probability and damage),
most attention has been intentionally given to the speed. Several low impact provisions have
thus been tested, consisting mostly of experimental signal equipment. The aim was to
condition speed choice, especially during low traffic flow hours when speed is high and often
out-of-control.
The impact of the equipments was evaluated through the classic method “before and
after”.
Even in this second phase, the values under study were road dislocation and speed.
5

Surveys analysis

5.1 First phase
Survey data have been analysed in order to find out relations between speed, calculated
dislocations and the other possible conditioning factors. As the various sites were rather
diverse the one from the other, the necessity to homogenize the informations has obliged
researchers to turn down not compatible surveys. Nevertheless, on the whole, a great number
of data has been utilized.
As expected, to the width reduction of the lanes corresponds a speed reduction and a minor
loss of trajectories. Similar results occur with the increase of the traffic flow.
Further analysis has been done in order to find any complex relation among more
concurrent factors. In particular, the following elements have been considered: outdistancing
of vehicles, weather conditions, proximity of a gallery entrance, presence of autovelox (the
Italian police speed detection system).
Variations in weather and environmental conditions cause changes in the parameters of
motion which are not very clear and homogeneous. In particular, in the case of wet road (just
like with dry cloudy weather), it has even been pointed out an increase in speed with respect
to the speed releaved during good weather and dry road conditions. It seems therefore that
the user be more sensitive to uniform lighting without deep contrasts between light and
shadow, rather than to the grip condition between tyres and road paving. Dislocations show
with good evidence that: the drivers approach the centre line of the roadway when the lighting
goes down.
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Figure 6: Influence of environmental conditions on the parameters of motion.

5.2

Second phase

Development of surveys without undertaking actions
To get any reference on the driving behaviour of the users in the chosen infrastructure
where testing of the signal devices takes place, the survey was there extended to all the
possible and usual operational conditions that occur during the lighting variations and the
different hours of the day, the traffic and the weather conditions.
About the relation between speed and traffic flows, in this case too, it has come out how
low is the users’ sensitivity to the wheel grip to pavement. Furthermore, the analysis of V85
has revealed that users do not, generally, respect the value of the speed limit of 60 km/h
enforced by the traffic signs. Infact, by referring V85 to all the surveys that have been carried
out, the result has been 93.13 km/h (+ 55.12% with respect to the enforced limit).
First installation: margin (lateral) road tape
The first measure consisted in laying out - on the road margin - a white tape made of
plastic material (polyethylene) for about 1600 meters which unfolded increasingly or
decreasingly (Figure 7).

Figure 7: lateral road tape: preliminary graphic simulation and accomplished installation.

The nearness of a row of pine trees on the road edge helped the arrangement of the tape.
The peculiar tape shape characterized by an alternation of extreme points, produces vertical
alternated optical impulses in the driver’s peripherical field of view. The frequency of such
optical impulses varies according to the driver’s speed. Therefore, the higher the speed is, the
higher the frequency of impulses in the time unit will be. In this way the user should be more
aware of his own driving speed which is often underestimated on long straight stretches. He
should consequently reduce speed when it is too high.
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Just like the devices that followed, it has been made a graphic animated simulation in order
to estimate the visual impact of this unusual element of road arrangement on a hundred fo
voluntaries.
Second installation: optical and rumble strips
This second measure consisted in fixing transversal strips for optical and sound effects. To
make a distinction between optical and sound effects, the rumble strips have been fixed with a
gap of 15 days after the optical ones. Rumble strips were made of a two-component
refractive paint, partial overlapped on the optical strips. The arrangement of the strips, as
shown in Figure 8, involved a road sections 306 metres long, divided in two segments where
strips keep a constant spacing (respectively 20 and 14 meters) and a central transition segment
with an exponentially variable spacing (exponent 1.33).

Figure 8: Layout of the arrangement and the devices under installation.

Even in this case, speed sensation derives from the temporal scanning of the strips. The
strips shares that are more important are those falling in the peripheral vision area of the
human eye [7, 8]. Keeping a steady driving speed, objects also follow on regularly within the
observer’s field of view. The sensation brought about by a spacing that is initially regular to
become then variable and, finally, regular again, even though more frequent, should give a
fictitious sensation of acceleration (along the transitional segment) and of increase in final
speed.
Third installation: enlarged median
The last device consists of the production of an enlarged median. It is composed of two
longitudinal white strips 1 m spaced. Between those, optical/rumble strips 6 m spaced,
oriented 45° clockwise as regards to the road direction were installed. 59 transversal strips
were built, for a total length of 350 m.
In this installation there were other strips, placed on the shoulder, with the same color and
the same 45 degrees orientation.
The median was obtained with a gradual widening of the space in the middle of the road
and a consequent reduction of the lane. The longitudinal inclination of the transitions (2%)
permits a gradual deviation of the vehicle trajectories.
The presence of this median creates a distance between the opposite lanes, thus limiting the
possibility of conflicts. The transversal strips in the median discourage the vehicles from
overtaking, that would be favoured with the availability of a bigger transversal space. The
rumble strip in the shoulder warns the end of the lane. At last, the cross section reduction (for
a single lane) from 3.5m to 3.0m should reduce the speed [9]. The cross section reduction is
visually emphasized by the converging strips, in the median and in the shoulder.
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Figure 9: photos of enlarged median.

5.3

Analysis of the effects on drivers

5.3.1 Dislocation
Analysing the average vehicle dislocation produced by the tested measures, it is
immediately evident the different choice of trajectory compared with the initial situation.
Besides, with the proposed operations, there is a substantial reduction of the difference of
dislocation between day and night.
In particular, with the first and the second operations, it was pointed out that either the
installation of a lateral tape, either the optical strips produced trajectories nearer to the center
of the lane, in the daytime, in every condition of light and traffic. In the nightime, the results
are less homogeneous.
With the transversal rumble strips, the choice of trajectory is less clear, probably because
of the noise, that is a “disturb” for the drivers (Figure 10).
Nightime
Daytime

Dislocation of vehicles (average of all categories)

Dislocation (cm)
n° vehicles
Previous Conditions
Lateral Tape
Optical Strips
Rumble Strips
Enlarged Median

883
549
482
516
549

Previous Conditions
Lateral Tape
Optical Strips
Rumble Strips
Enlarged Median

410
383
389
363
378

Previous
Conditions

136.8

average
daytime
102.1
110.8
105.4
103.4
98.3
nightime
136.8
124.1
120.3
127.6
109.7

102.1

variance

Lateral
Tape

124.1

35.4
37.2
34.0
33.3
32.6

110.8
120.3

Optical
Strips

105.4

33.3
34.6
34.6
33.0
31.2

Rumble
Strips

127.6
103.4
109.7

Enlarged
Median

98.3
160

140

120

100

80

60

dislocation (cm)

40

20

0 (right
margin strip)

Figure 10: short time effects on dislocation.

In the third experimentation (enlarged median) the tendency of the drivers to approach the
external border is evident and it happens mostly in the nightime. That was the expected result,
because the end of the lane in the median area was shifted toward the corresponding shoulder.
The average distance between the two opposite traffic flows is higher and there is a lower
dispersion of trajectories, too. There were no significant differences between large and small
cars.
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5.3.2 Speed
About the speed in the daytime, the rumble strips installation appears to be the most
effective, because reduces average speed by 5%. In the nightime, for large cars there is a good
benefit, but for small cars there is no relevant variation (minor than the effect of lateral tape
and optical strips). Probably the drivers of the small cars are younger and sometimes not
skilled: the testers saw that the repetitiveness of the noise induced some driver to reach, as a
dangerous game, higher frequencies. The problem is not present during the day, because of
the higher traffic flow.
The enlarged median provides the better results: a reduction of average speed by 6-7% in
daytime and almost 10% in nightime. The reduction for V85 was 5 and 11 km/h respectively.
Average speed and V85 of all categories of vehicles
daytime

Average speed and V85 of all categories of vehicles
nightime

Km/h

Km/h

100

average

100
average

V 85

95

95

95.90

95.45

94.37
90

91.22

90.39

80

90

90.85
85.69

87.45

85
78.88
77.37

85

88.74
82.08

74.16

79.10

78.66

80

77.45

75

V 85

99.44

78.16

75

74.87

72.44
70

70

Previous
Conditions

Lateral Tape

Optical Strips

Rumble Strips

Enlarged Median

Previous
Conditions

Lateral Tape

Optical Strips

Rumble Strips

Enlarged Median

Figure 11: short time effects on speed.

5.3.3 Queued vehicles
As for the queued vehicles, it has been observed that either the rumble strips, either the
enlarged median reduced the gap between the vehicles, compared with the initial situation. It
is essentially because of the low speed of the head vehicle, that influences the following
vehicles. The reduction of safety level due to the lower spacing is partially balanced by a
lower speed.
It is interesting to study the dislocations in the platoon of vehicles as an indicator for the
approach to the overtaking. When the enlarged median reduces the width of the lanes, the
platoon is in line with the head vehicle, with a minor relative dislocation (reductions up to
50%). This suggests that the drivers, in a situation optically modified (not physically), are less
easy to overtake. This interpretation is confirmed by the data, where in a sample group of
monitored vehicles it was observed a substantial reduction of overtaking. This is a significant
result, because this operation is very dangerous.
Median Island

Without intervention

37.75%

34.91%

62.55%

61.28%
0.97%

2.54%

isolated

queued

overtaking

isolated

queued

overtaking

Figure 12: distribution of the state of the vehicles, inside a casual group.
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Long time effects
The characteristics of the polyethylene lateral tape did not consent to maintain the
installation for a long time, because the tape was seriously damaged by wind and this could be
a disturb for the vehicles.
In the other cases it was possible to screen the behaviour of the drivers during the time.
In particular, with the rumble strips and the optical strips, there was (3 months later the
first observation) a substantial reduction in dislocation. That was observed during the day and
during the night, too. The good effects of the rumble strips on the velocity, observed in the
first phase, disappeared in the second time. The average daytime speed, initially lowered
about 5%, after 3 months was only 1-2% less of the initial value (without intervention).
It is an “acceptance” effect, because the traffic in the monitored road consists of “habitual”
drivers: that is a limit of the “traffic calming” operations, that seems to require frequent
changes with the introduction of innovative elements.
On the contrary, after 3 months the value of nightime speed of enlarged median is about
the same: there is only a little rise in the large cars speed (not observed for the small cars), but
is probably irrelevant as a statistical result (3%).
Vice versa, the effects of the enlarged median for dislocations after 3 months was reduced
by 50%, thus representing an intermediate condition between the initial situation and the first
phase effect.
average (km/h)

large cars
variance

V85 (km/h)

average (km/h)

small cars
variance

V85 (km/h)

75.5
77.7
2.89

14.2
13.8
-2.62

90.2
92.0
1.99

74.7
74.1
-0.86

12.7
13.2
3.97

87.9
87.8
-0.14

(nightime)

Enlarged Median
Enl. Median after 3 months
∆%

Figure 13: long time effects produced by enlarged median, in nightime.
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Conclusions
Analysing the data collected during this research, in which were experimented some
measures to modify positively the driver’s behaviour, it was evident that this is possible but,
sometimes, the observations are partially different from projections.
The driver’s behaviour, as for the transversal dislocation and the speed, was modified
consequently to the present or installed elements. In particular, the installation of lateral tape
produced some effect on the dislocation and velocity, but that is probably due to the
“surprise” effect of such an eye-catching and anomalous element. It was not possible, due to
the low durability of the tape, examine the long time effect.
The optical strip gave the best results during the night drive, expressly in the dislocation.
These elements, in fact, are an aid for a correct evaluation of the dimensions and the
position of the lane. The variation in speed produced by this operation are not clear.
The rumble strips modified the dislocation and, mostly, reduced speed, in the daytime too,
that was a condition in which the other operations failed. The intervention was really
effective, and is quite good in the long time. Given that these strips were installed in a straight
section, in which there is no reason to slow down, even a little speed reduction ( by means of
4-7%) could be a good result: the effect should be better in presence of dangerous curve,
crossing, etc. It has to be reported that, after some months of installation, some small cars
began, during the night, speed competitions in the examined section.
The installation of a enlarged median was the most efficient operation, either for
dislocations or for speed. The effectiveness was stable during the time and there was a good
reduction of illegal overtaking. That is an important indirect benefit, even with long straight
roads.
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The research reported here is part of a series of experiments that attempted to establish drivers’
distance estimation accuracy during nighttime driving. The host car’s lights are not only the host driver’s
main source of illumination, but also a source of distance information that other drivers use to estimate
the distance between themselves and the host car’s lights. To carry out this research, a photocell system
was used to identify the cars’ actual position. Sixty-four subjects were required to estimate a range of
possible car locations from 60 to 870 m. The effects of headlight luminance and width between
headlights were manipulated. More specifically, two levels of headlight luminance were used. Namely,
High: 12 volts 4.4 amp. 258 lm., and Low: 8 volts 4 amp. 120 lm. There were also two levels of width
-1 and 2 m.- between headlights. The results showed that subjects are really accurate at estimating the
distance of moving and approaching vehicles when subjects are located in a stationary position. Width
between headlights seems to play the most important role when estimating distance, while headlight
luminance does not seem to play such a major role.

Headlights are essential elements for our safety when we drive at night, as they allow us to see
and to be seen. They are the vehicle's source of illumination when the surrounding light is reduced.
Their main function is therefore to enable proper driving under such conditions. In other words, they
aim at ensuring that the vehicle's movements match its trajectory, avoiding the possible obstacles that
may appear on the road such as other vehicles or pedestrians. Headlights also serve the purpose of
detecting and interpreting the message of traffic signs. Vehicles that are approaching and headed towards
the same direction also benefit from the light provided. However, for a driver coming in the opposite
direction, the glare of the vehicle's headlights can be blinding. As a secondary function of headlights,
Sivak and Flannagan (1991) highlighted their ability to increase the conspicuity of the vehicle when the
surrounding light is low. Conspicuity is the property of objects that makes them easily noticeable or
locatable, according to Cole and Jenkins (1982). However, it must be underlined that headlights are not
only essential instruments of the vehicle which allow the driver to see and to be seen in nighttime driving.
They are also the means by which the distance and speed of other vehicles can be estimated under such
conditions of reduced visibility.
There are different kinds of headlights available on the market. There is an array of shapes aerodynamic designs for a better consumption-, technologies -simple or complex- and kinds of lamps incandescent, halogen or fluorescent. There are also differences in luminous flux, chromaticity -different
tones of white and yellow-, location and width between headlights, size, etc. Manufacturers carry out
tests and controls to assess their quality and resistance to vibrations and harsh weather conditions,
amongst other things. Nevertheless, when designing car headlights, manufacturers mainly focus on
obtaining the greatest possible levels of luminous flux without blinding other drivers. In fact, they have
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always concentrated on improving drivers' nighttime vision. Headlights must meet international standard
regulations. In accordance with European regulations, it is verified that luminous flux does not surpass a
certain threshold at certain points such as E75, which represents the eyes of the driver of an oncoming
car in the opposite direction. Luminous flux is required to exceed a minimum value at other specific
points such as A36 and A89, which stand for the left and right shoulders. However, there is no defined
criterion to estimate the appropriate amount of luminous flux for the remaining illuminated area. It is
considered that the greater the luminous flux of a headlight, the better it is. Yet, no studies have
analysed the effect this variable may have on a driver's accuracy at estimating the distance between his
car and another vehicle. The same holds for other variables such as headlight size, distance between
headlights, etc. Manufactures modify these variables according to aesthetic or aerodynamic reasons or
manufacturing costs, but they are totally unaware whether such variables may affect any estimation of
distance, speed, etc. made by drivers circulating in the same or the opposite direction. Nevertheless,
either overestimating or underestimating the distance at which another vehicle is located can cause
accidents when overtaking or approaching other vehicles in nighttime driving.
Sivak (1987) and Sivak and Flannagan (1991) compiled some interesting data on the main
research studies carried out on these devices which have existed for almost a century. The first studies
on the subject undertook to analyse the function of low beams, compare them to high beams, and
develop systems to switch from one to the other and vice versa. They also assessed to what extent the
light provided by high or low beams is sufficient to see and read traffic signs and detect other objects.
These pieces of research spelled out the conflict between visibility and glare, designed and validated
computer models to test the performance of such lamps, etc. More recently, research has targeted issues
such as standardisation and approval of the photometric values of low beams in Europe and the U.S.A.,
and the benefits of using high intensity discharge (H.I.D.) or halogen lamps, or lamps of a greater
duration, efficiency and a smaller size. These studies have also dealt with the reduction of glare by using
ultraviolet lamps. The rest of lighting devices in cars used for signalling purposes such as brake or
reverse lights and direction indicators has also been a recent object of study. There has been discussion
about what information they should represent, where there should be located or how they should be
arranged. It has also been assessed whether or not it would be useful to use headlights during the day to
increase the conspicuity of the user. However, the extent to which the variety of designs, technologies
or headlight arrangements may affect estimations of distance or speed is yet to be studied.
Even though only one fifth of traffic takes place at night, nighttime driving is two or three times
more dangerous than daytime driving. In fact, 50% of fatal accidents happen at night (Valeo Team,
1994). This figure in itself should be enough to encourage researchers to analyse this problem.
However, even though it is complicated to undertake research on driving in real situations, doing so at
night represents an added difficulty.
One of the first studies on nighttime driving analysed how the improvement of street lighting
reduced the number of accidents (Tanner, 1958). Most of the recent pieces of research on the matter
have analysed road lighting conditions (Baldrey, 1988) and their visibility as well as the conspicuity of
traffic devices (Colomb, 1988; Tenkink and Walraven, 1988; Bartmann and Reiffenrath, 1990; Kayser
and Pasderski, 1990). Other researchers have dealt with the problem of glare or sensitivity to contrast at
night and the most suitable arrangement of lights in cars (Meatyard and Fowkes, 1988). However, no
research has analysed how we estimate the distance at which other vehicles are located in nighttime
driving.
Other undertakings have compared the features of the most common headlights nowadays and
those of newer technologies which involve the use of ultraviolet or infrared lights in low or high beams.
They have underlined the benefits of using these new headlights to avoid glare, for example (S270J/VD,
1998). Yet, the shape, size and arrangement of both headlights and markers are never questioned and,
as we explained above, are mainly based upon aesthetic, aerodynamic or market considerations. The
lack of findings about the importance of the arrangement of headlights in the U.S. fleet in 1997 (Sivak,
Flannagan, Budnik, Flannagan and Kojima, 1997) is a good example of this. Such research aimed at
overcoming the information deficit and indicated that headlights are arranged with an average width of
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1.12 m. in cars and 1.3 m. in American trucks. No mention was made about the possible importance of
this variable in estimations of vehicle distance and/or speed.
It is very obvious that the human, social and economic problem of road accidents is
considerable. It has motivated research that aims at assessing how accurately drivers estimate the speed
they are driving at, the distance between vehicles, or the time it would take them to reach a specific
point, collide with it or touch it, for example. Yet, no research has dealt with the estimation of distance
in nighttime driving by studying the influence of variables that define headlight optics such as luminous
flux. Those variables such as relative width that are so relevant in distance estimations have not been
studied either.
Approach of the Research.
The aim of this work is to use two variables -luminous flux and width between headlights- that
are related to the design and arrangement of headlights, and find out their exact function in the
estimations of distance made by drivers at night.
As regards width between headlights, it seemed logical to think that it may be a variable used by
drivers to estimate distance. It is known that distant objects generate smaller retinal projections than
those which are closer. Therefore, it may be inferred that the driver estimates that the greater the width
between headlights, the shorter the distance between himself and the other vehicle and vice versa.
Nevertheless, this is probably not the only cue used, as it would be impossible to estimate distance when
dealing with other vehicles such as motorcycles that only have one headlight.
In the search for factors to complement the information conveyed by the width between
headlights, it seems reasonable to think of variations in the luminous flux generated by headlights as an
aid to estimate distance in nighttime driving. As the distance between observer and vehicle grows, we
must consider that the medium light travels across is not pure. Air contains a large amount of suspended
particles, so the luminous flux that reaches the observer is lower, and may therefore be used as an
indicator of the distance at which the oncoming vehicle in the opposite direction is located.
No research of the kind has been undertaken so far probably because of the difficulty to carry it
out in a natural setting and the need to work with distances up to almost one kilometre.
METHOD
Participants
A total of 64 participants underwent this study. They were all Psychology students at the
University of Granada, Spain. There were 42 females and 22 males. Their ages ranged from 19 to 34.
The average age of the sample was 23. Half of the participants had their driver's licence and at least one
year's experience in driving. They all had normal or corrected vision. Only the results of 49 participants
are collected in this study. Data from 15 of the participants was ruled out because of the lack of
observations in all experimental conditions, either because the participant did not make an estimation as
required, or because the estimation fell outside the range by being beyond three standard deviations from
the mean.

3

Design
A 2x2x3 within-subject design with three factors was carried out: Luminous flux (High: 12V,
4.4A and 258lm; Low: 8V, 4A and 120lm) X Width between headlights (1 and 2 m.) X Estimated
distances (Short: 60, 110, 170 and 240 m; Medium: 32, 410 y 510 m; and Long: 620, 740 y 870 m.).
Precision in the distance estimations of participants was measured as a dependent variable.
The distances estimated by the participants, 60, 110, 170, 240, 320, 410, 510, 620, 740 and 870
m., were selected according to the following second degree rational entire function:
y = 5 x 2 + 35 x + 30
. This function allowed for the separation between the
distance levels not to be equally distant so that it would not be an aid to estimation. Moreover, the
sample of distances increased as the distance decreased. We therefore explored a greater number of
short distances, which may be considered more critical in situations of overtaking or collision. These
distances were grouped into three levels depending on their operational value. Short distances, 60, 110,
170 and 240 m., are critical when the driver is overtaking, whereas the decision making stage about
whether to overtake or not takes place at medium, 320, 410 and 510 m., and long distances, 620, 740
and 870 m.
As a reference, it is worth mentioning that, according to Sivak, Flannagan, Budnik, Flannagan
and Kojima (1997), the average width between headlights is 1.12 m. in cars and 1.3 m. in trucks, and
the average luminous flux of vehicles is 12V, 4.4A and 258 lm.

Materials
Two vehicles were used. Each one had a front panel where two headlights had been attached.
They were mounted 1 m. apart in one vehicle and 2 m. apart in the other. Ten photocells capable of
detecting a vehicle were placed at the distances that had to be estimated by the participants (see Picture
1). A sequencer was used to control which photocell was active each time the vehicle drove by. The
participants would stand at the finish line, where a red pilot light and a buzzer were placed on a
supporting device to tell the participants when they should make their estimation. The red light and the
buzzer were designed to go off when activated by the appropriate detector or photocell at each trial.

Picture 1. Photograph of the circuit used and one of the vehicles being driven around it. One
of the photocells used to detect the vehicle's position can also be seen.

4

A stretch of road with no curves for more than 1 Km. was selected. It had many perpendicular
side streets, and was located in the industrial area of Albolote in the province of Granada, Spain. (See
Picture 2). The Town Council issued the appropriate permits and the Local Police assisted during the
tests.

Picture 2. Photograph of the circuit used, taken during the day.

The answers were collected manually by using a notebook with 60 numbered answer sheets.
The participants wrote the numerical value of their distance estimations on each of these sheets in the
different trials. Before starting the experiment, the participants were shown reference distances which
would help them for the following estimations. In other words, the maximum, 900m., medium, 450 m.
and minimum distances, 50 m., were explained by situating one of the vehicles at each of these
distances.
Two drivers were needed, as well as two electronic technicians and two researchers. Walkietalkies allowed communication between the 'Starting Line' and the 'Estimation Line'.

Procedure
As regards the vehicles used, the procedure was as follows. Each of the vehicles was fitted with
an additional couple of headlights mounted on a metallic frame (See Picture 3).
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Picture 3. Photograph of the vehicles used.
luminous flux can be seen.

The two manipulated levels of width and

One vehicle had its headlights mounted 1 m. apart, whereas the other one had them 2 m. apart.
Each vehicle had a luminous flux regulator with two positions, High (12V, 4.4A and 258lm) or Low (8V,
4A and 120lm). Since the experiment consisted of two sets of trials, each vehicle had a different
luminous flux in each set of trials. The participants were able to take a break between both sets. The
vehicles moved at a constant speed of 60 Km/h. At every trial, each vehicle started moving from
different positions, all of which were further than 870 m. Therefore, the 'Starting Position' of the vehicle
varied and the drivers started the cars and turned on their headlights at different points. The aim of this
procedure was to prevent the participants from taking the distance from the point where the vehicle
starts moving as a reference for making their estimation. Each vehicle started the circuit with its
headlights on and continued until the appropriate photocell for that specific trial was activated. Once this
happened, the car left the circuit as fast as possible by exiting through one of the perpendicular streets.
Only one vehicle moved around the circuit at each trial. The trial ended as soon as the vehicle was
detected by the relevant photocell. At each trial, only one photocell was activated. When the car
activated the photocell, the red pilot light would shine and the buzzer would go off at the 'Estimation
Line'. This warned the participants that they had to make their estimation immediately by turning
around 180 degrees and noting their estimation so as not to continue to see the vehicle once it had been
detected by the photocell.
As for the distances estimated, once the vehicle was started, it drove past the different
photocells. Only one of these detectors was activated each time the car drove by. Once the specific
detector for that given trial had detected the vehicle, the red light of the 'Estimation Line' was activated
for 5 seconds.
The distances the participants had to estimate, 60, 110, 170, 240, 320, 410, 510, 620, 740 and
870 m., remained constant throughout the experiment. There were 10 positions in a total range between
distances of 810 m. The photocells were located at each of these distances. The photocell that had to
be activated at each trial was decided following a random sequence.
The procedure required the participants to be situated at the 'Estimation Line', which was
painted on the tarmac, at a distance of zero metres. This line was the position where all the estimations
were made from. Each of the participants was given a notebook and a pen. On each of the sheets of
the notebook, the participants wrote one single estimation about the distance they thought the vehicle
was located at in that trial. Each sheet of the notebook had the number of the trial written on it to
identify the experimental condition. The participants had 5 seconds to make their estimation. If any
participant had not written an estimation after that time, that trial was considered null for that participant.
The experimental protocol required preparing the site. The photocells had to be installed, and
the headlights had to be mounted according to the predetermined width. The headlight adjustment also
had to be revised, and the luminous flux required for each set of trials required adjustment. The central
system of photocell control, the remote control and the red pilot light of the estimation line had to be
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verified as well. The participants had to be transported to the site, given the notebook and the pen, and
the instructions had to be explained to them.
RESULTS
In order to find out the influence of width between headlights and luminous flux on the accuracy
of distance estimations made by the participants, a 2x2x3 ANOVA -Width X Luminous flux X Distancewas used with repeated measures. The measures of the independent variables manipulated within
subject were the following: Width (1 and 2 m.), Luminous flux (High and Low) and Distance (Short:
Between 60-240 m., Medium: 320-510 m. and Long: 620 y 870 m) (See Table 1).
Table 1. Average error in distance estimation in m. for all the experimental conditions.
DISTANCES
Medium
320-510 m

Short
60-240 m.

Long
620-870 m

Flux

Flux

Flux

Flux

Flux

Flux

High

Low

High

Low

High

Low

1m

-.0147

-.0032

.119

.0915

-.0344

-.0001

.0263

2m

-.284

-.277

-.021

.0018

-.0481

-.0664

-.1157

-.1493

-.1401

.049

.0466

-.0412

-.0332

-.1144

.047

-.0372

The main effect of the variable Width was significant, F(1,48)=30.78; p<.0001. When the
participants estimated the distance between themselves and the vehicle whose headlights were mounted 1
m. apart, there was an error of .0263 due to distance overestimation. In the case of the vehicle whose
headlights were 2 m. apart, there was an error of -.1157 due to distance underestimation (See Figure 1).
WIDTH
F(1,48)=30.78; p<.0001

ED - RD / RD

0.3
0.25
0.2
0.15
0.1
0.05
0
-0.05
-0.1
-0.15
-0.2
-0.25
-0.3
1 metre

2 metres
WIDTH

Figure 1. Average error in distance estimation in metres (ED-RD/RD) for the two manipulated levels
of the variable Width.
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The main effect of the variable Distance was significant, F(1,48)=27.13; p<.0001. Both when
the participants estimated Short (60-240 m.) and Long distances (620-870 m.) there was an error of .1144 and -.0372 respectively due to distance underestimation. When they estimated Medium distances
(320-510 m.), there was an error of .047 due to distance overestimation. Trend analysis showed both a
linear component, F(1,48)=14.9; p<.0003, and a quadratic one to be significant, F(1,48)=42.97; p<.0001
(See Figure 2).

DISTANCES
F(2,96)=27.13; p<.0001
0.3
0.25
0.2
0.15
0.1
0.05
0
-0.05
-0.1
-0.15
-0.2
-0.25
-0.3
SHORT

MEDIUM

LONG

DISTANCES

Figure 2. Average error in distance estimation in metres (ED-RD/RD) for the three manipulated
levels of the variable Real Distance.
The interaction Width X Distance was significant F(2,96)=19.91; p<.0001 (See Figure 3).
DISTANCE X WIDTH
F(2,96)=19.92; p<.0001
0.3
0.25

WIDTH
1 metre
WIDTH
2 metres

0.2
0.15
0.1
0.05
0
-0.05
-0.1
-0.15
-0.2
-0.25
-0.3

SHORT

MEDIUM

LONG

DISTANCES

Figure 3.

Average error in distance estimation in metres (ED-RD/RD) for the two levels of the
variable Width X the three levels of the variable Real Distance.
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The following comparisons between the 1 m. and 2 m. width between headlights in short
F(1,48)=35.3; p<.0001 and medium distances were found to be significant, F(1,48)=13.1; p<.0007.
They were not significant in long distances.

DISCUSSION
The truly revealing results of this research are based upon the important function played by the
width between headlights when estimating the distance a vehicle is at. The estimations are more precise
when the width between headlights is 1m. There is a slight trend to overestimate the distance in those
cases, whereas there is an underestimation of the distance where the vehicle is at when the headlights are
2 m. apart. Observers use 'depth-relative size' as a cue. The greater the width between headlights, the
shorter the distance estimated by the participants. The observers also use the information provided by
the cue 'familiar size' for their estimations. Most vehicles have their headlights situated at a width of 1.1
or 1.3 m. (according to Sivak, 1997). Since there is a size that is previously known, if the observers are
faced with vehicles with a greater width between headlights, 2 m., they think the vehicles are closer.
Yet, the effect of distance and width cannot be analysed independently since there is a
significant interaction between both. More specifically, the most accurate estimations are made when the
width between headlights is 1 m. and the estimated distances are short or long, or when the width
between headlights is 2 m. and the estimated distances are medium. The greater error in distance
estimations due to underestimation occurs when the width between headlights is 2 m. and the estimated
distances are short. The distance is also overestimated when the width between headlights is 1 m. and
the estimated distances are medium.
The distance by width interaction seems to indicate that, when the distance is short, the
participant clearly observes width between headlights as a variable that indicates the distance the vehicle
is located at. This may explain why, at short distances, an increase in the width between headlights
produces a strong effect of distance underestimation. This effect is maintained, though reduced, when
the distances are medium. It seems that, in such cases, variations in width no longer produce such a
broad range of estimation variability. This may be due to the fact that, though the real range of variation
of the width between headlights is maintained at one metre, the range of variation of the retinal
projection of such width is lower. Finally, we found that, at long distances, the variation of width
between headlights produces no effect. This may be so because variation between 1 and 2 m. cannot be
appreciated by the participant at such great distances, since the visual angle formed by both headlights is
extremely similar.
Such an interaction supports the idea of the adoption of depth cues for the observer to construct
the perceived distance. We started from classical ideas which were later adopted by authors such as
Haber and Levin (1992), who gave a lot of importance to the familiarity of objects as the main
determining factor that intervenes in the perception of distance. Coeterier (1994) also stressed that
spatial perception is the incorporation of the perception of distance and size. The hypothesis of
invariance between size and distance explains why this pattern of results is obtained. Given that the
participants do not know that the width between headlights has been manipulated at 1 m. and 2 m., they
base their estimations upon the visual angle formed by the pairs of headlights at the same distance. In
the case of the 1 m. width, the participants tend to overestimate the distance. They think the vehicle is
further away because the visual angle formed by the 1m. width between headlights is lower than the
angle formed by the 2 m. width. The opposite happens when the 2 m. width of width is used to estimate
the distance.
The key 'familiar size' may also underpin this interpretation. In the case of the 1 m. width, the
participants tend to overestimate the distance. They think the vehicle is further away because the width
between headlights is lower than the preconceived size. In the 2 m. width, the participants underestimate
the distance to a greater extent. This is due to the fact that they believe the vehicle is closer because the
width between headlights is greater than what is familiar to them. These patterns are even more
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noticeable in the cases of medium distances and a 1 m. width between headlights, and especially in short
distances and a 2 m. width between headlights.
Finally, no significant effect was obtained from the variable 'luminous flux'. This is a surprising
result. The luminous flux of the headlights is the same whether close or afar, but the presence of
suspended dust particles in the air, or the perspective between the vehicle and the observer makes distant
lights appear to be dimmer whereas closer ones seem clearer and shinier. From the results obtained by
this research, it seems very obvious that the real distance where the vehicle is located at and the width
between headlights are more informative than luminous flux.
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