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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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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
-4-
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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.
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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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50.000
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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
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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.
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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.
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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).
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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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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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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).
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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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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.
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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
4

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 2
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Figure 3. Cumulative Graph of Fixed Object Collisions in The Study Area
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199.5

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.
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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.

-67-

8

12. REFERENCES

1.

Rivara F., Grossman D., Cummings P:
Injury prevention: First of two parts.
N. Eng. J. Med. 1997; 337: 613-618

2.

Taket A.
Accident mortality in children, adolescents and young adults.
World Health Stat Quarterly, 1986: 232-256

3.

Mohan D., and Romer Manciaux M.J. (Ed.)
Accidents in childhood and adolescence. The role of research
Geneva: World Health Organization, 1991, Page 31-38

4.

Atinga J.E.O.
Spinal injuries in road traffic accidents, and thoughts on prevention.
Medicus 1990; 9(7):11-18

5.

Macharia W.M., Musiime F., Nantulya V., Njeru E., Omurwa T., Nduati R.
A survey on Road Traffic Accidents in Kenya.
Clinical Epidemiology Unit, University of Nairobi and African Medical Research
Foundation (1998)

6.

Macharia W.M., Nantulya V., Musiime F., Omurwa T., Njeru E.K., and Nduati R. Road
Traffic Accidents in Kenya. Casualty Evacuation and Quality of Hospital Care .
Proceedings of annual Africa Clinical Epidemiology Network (AFRICLEN) meeting,
Harare
Central African Medical Journal1998 44;9

7.

Odero W.
Road traffic accidents in Kenya: An epidemiological appraisal.
East Afr. Med. J. 1995; 72: 299-305

8.

Mwasi, D.M.
Road accidents as a Kenyan problem and the role of the National Road Safety Council.
In: Economic Commission for Africa. First African Road safety Conference.
Compendium of papers. Nairobi Economic Commission for Africa, 1984

9.

Makau B.F. and Githaka S.M.
An assessment of the economic costs of road traffic accidents in Kenya.
Medicus 1990:9(6);17-21

10.

Kobusingye O.C., Guwatudde D., Ebyarimpa E., Nassanga R., Turyabahika J. and Shaban
A.
Citywide hospital trauma registries- experience from five hospitals in Kampala. 6th
AFRICLEN meeting, Mombasa, Kenya, 1999.

11.

Van der Spuy J.

South African road traffic trauma: where are we heading?
Trauma Review 1998; 6 (3):1
12.

Murray C., Lopez A:
The Global Burden of Disease: A Comprehensive Assessment of Mortality and Disability
from Diseases, Injuries and Risk factors in 1990 and Projected to 2020. Cambridge,
Mass: Harvard University Press; 1996

13.

Murray C., Lopez A.
Global mortality, disability, and the contribution of risk factors: global burden of disease
study.
Lancet. 1997; 349: 1436-1442

14.

Odero W.
Alcohol-Related Road Traffic Injuries: Eldoret, Kenya
East. Afr. Med. J. 1998 75(10); 708-711

15.

Peden M.
Injured adult pedestrians and the substances they abuse .
Trauma Review 1998: 6:3;4

16.

Patel N.S. and Bhagwat P.P.
Road traffic accidents in Lusaka and blood alcohol.
Med. J. Zambia,1977: 11;46-69

17.

Sinha S.N. and Sengupta S.K.
Road traffic accident fatalities in Port Morseby: A ten-year survey.
Acc. Annal Prev. 1989:21; 297-301

18.

Saidi H.S., Ating'a J.E.O., Macharia W.
Injury Characteristics and clinical profile Of Road Traffic Accidents (RTA) In An Urban
Hospital In Kenya- Implications for formalized Trauma Care
Ready for submission J Trauma

19.

Monda M.M.
Results of Conservative Management of Femoral fractures at the KNH
M.Med Thesis, University of Nairobi,1994.

20.

Economic Survey 2001. Central Bureau of Statistics, Ministry of Finance and
Planning, Republic of Kenya

21.

Economic Survey 2000. Central Bureau of Statistics, Ministry of Finance and
Planning, republic of Kenya

22.

Rogers, F.B., Shackford, S.R., Vane D.W., Kaups K.L. and Harris F: Prompt Fixation of
isolated Femoral Fractures in a Rural Tauma Centre. A study Examining the Timing of
Fixation and Resource Utilization. J Trauma, 1994; 36: 774-777

23.

Bone L.B., Johnson K.D., Weigelt J. and Scheinbeng R: Early Versus Delayed
Stabilization of Fracture: A Prospective Randomized Study. J. Bone Joint Surg; 1989
71A: 336-340

24.

Kreis, D., Plasencia G., Augenstein D. et al: Preventable trauma Deaths: Dade County,
Florida. J. Trauma, 1986 26; 649-654

25.

Van der Sluis C.K., tenDuis H.J. Geertzen J.H.D.
Multiple injuries: An overview of the outcome.
J. Trauma 1995:38;681-685

26.

Mackenzie E.J., Siegel J.H., Shapiro S., Moody M. and Smith R.T.
Functional recovery and medical costs of trauma: an analysis by type and severity of
injury.
J. trauma 1988:28;281-297

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)

13

ECONOMIC EFFECTIVENESS OF ROAD SAFETY MEASURES:
PROBLEMS OF EVALUATION
Elena Oleshchenko
Automobile and Road Institute of the St. Petersburg State University
of Architecture and Civil Engineering, Russia
Phone: +7 812 251 74 52, +7 812 251 51 49
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.
References
1. Livshic V.N. Problems of operation and developments of infrastructure of Russia during
transitional period. Moscow, Folium, 1996.
2. Reference book on road safety: review of traffic safety measures. Oslo, Institute of economy of
transport, 1996.
3. Aksenov V.A., Popova E.P., Divochkin О.А. Cost-effectiveness of rational road safety
management. Moscow, Transport, 1987.
4. Instructions for accounting of loss for the national economy from traffic accidents to be used
when designing motor roads. The Ministry of Motor Roads № VCH-81. Moscow, Transport
Publishing House, 1981.
5. Methods of estimation and calculation standards of social and economic loss from traffic
accidents, Ministry of Transport of the Russian Federation. Moscow, 2000.
6. Matanceva O.U., Urov A.P. Development of standard strategy of cost efficiency evaluation of
road safety measures. Journal «Cargo and passenger fleet» №9/2000. – pp16-19.”
7. Chepurnih N.V., Novoselov A.L., Dunaevskiy L.V. Economy of natural usage: efficiency,
damages, risks. (In Russian). Мoscow, Science, 1998.
8. Instructions on the determination of cost-effectiveness of capital investment in the construction
and reconstruction of motor roads. VSN 21-83. Moscow, Transport, 1985.

7

SWEDEN’S VISION ZERO:
THE LEAST MOURNED TRAFFIC CASUALTY

DEATHS IN SWEDISH ROAD TRAFFIC 1960-2001
1 400
1 200
1 000
800

Reality 2000 = 591

600
Vision 2000 = 400

400
200
1999

1996

1993

1990

1987

1984

1981

1978

1975

1972

1969

1966

1963

1960

0

Discussion paper for the conference Traffic Safety on Three Continents
Moscow, 19-21 September 2001
First draft
August 2001
Arne Karyd
Department of Science and Technology
Campus Norrköping
SE-601 79 NORRKÖPING
Sweden
Phone +46 708 192234
Fax +46 11 363270
e-mail arne.karyd@swipnet.se

CONTENTS
1

BACKGROUND ________________________________________________________ 1
1.1

Scope, limitations and biases _________________________________________ 1

1.2

The concept of a vision ______________________________________________ 2

1.3
Peculiarities of the Swedish traffic environment _________________________ 2
1.3.1
Road traffic characteristics ________________________________
________
3
1.3.2
Rail and air travel ________________________________
_______________
4
1.3.3
A note on perceived and real risks _______________________________
__5
1.3.4
The emergence of lobbycracy ________________________________
______
6
1.4
2

Accident statistics __________________________________________________ 7

ROAD TRAFFIC DEATHS IN A PERSPECTIVE ____________________________ 8
2.1

The epidemic view __________________________________________________ 8

2.2
Road traffic vs other causes of death___________________________________ 8
2.2.1
Avoidable deaths ________________________________
________________
8
2.2.2
Other aspirants to V0 status________________________________
_______
10
3

4

5

6

BIRTH, LIFE AND PASSING OF VISION ZERO ___________________________ 10
3.1

Genealogy________________________________________________________ 10

3.2

Life, decline and demise ____________________________________________ 11

SCENARIOS FOR THE FUTURE________________________________________ 12
4.1

Make-believe scenario ______________________________________________ 12

4.2

Resurrection scenario ______________________________________________ 12

4.3

Extension scenario _________________________________________________ 12

4.4

Constant reduction scenario _________________________________________ 13

REFERENCES________________________________________________________ 14
5.1

Print ____________________________________________________________ 14

5.2

Websites _________________________________________________________ 14

NOTES ______________________________________________________________ 14

2

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
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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.
11
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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.
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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.

Safe design for children - page 3

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.
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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
and economical speed
David Shinar, Ben Gurion University, Israel
Field test on equipments and devices for the management of vehicular speed and
transversal position
Antonio D’Andrea, Giuseppe Cantisani, Department of Hydraulic, Transportation and Roads,
University of Rome “La Sapienza”, Italy
Effect of headlights luminance and width between headlight on night driving distance
estimation
Candida Castro, University of Granada, Spain

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.
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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
just after
½ year after
2 years after
fractal dropped approx.
0
15 – 30 %. Also the
location 1 location 2 location 3 location 4 location 5 location 6 average
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.

D o not know
Ot h e r
l e ss t h a n 4 0
4 0 k m /h
5 0 k m /h
0

20

40
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80
p e r ce n t

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%
M or e saf e
The sam e
Less saf e

Ped est ri an s

Cycl i st s
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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

VTT – Building and transport
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.
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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.
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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.

4

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
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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.
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DRIVING SPEED RELATIVE TO THE SPEED LIMIT AND RELATIVE TO
THE PERCEPTION OF SAFE, ENJOYABLE, AND ECONOMICAL SPEED
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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
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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.

7

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).
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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.
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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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6

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)
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variance

V85 (km/h)

average (km/h)

small cars
variance

V85 (km/h)
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-0.86
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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.
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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.
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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

9

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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