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PREFACE

The Swedish Road and Traffic Research Institute (VTI) and the Forum of

European Road Safety Research Institutes (FERSI) were jointly organising this

international conference. The objective was to review and examine some specific

road safety issues and the increasing environment problems in road traffic in

different countries.

The following areas, within the field ofRoad Safety,were presented.

- European perspectives

- roadside safety features

- safety in some European countries

- safety and traffic management

- elderly road users

- vulnerable road users

- markings, signs and signals

- vehicles

Linkoping, November 1992

Kenneth Asp
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- October 2, 1992
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WEDNESDAY SEPTEMBER 30

OPENING

11.00 - 12.00 (11 AM - 12 AM)

Welcome to Berlin

Prof Dr Herwig Haase, Senator fur Verkehr und Betrieb, Germany

Opening Remarks

Mrs Gunnel Fiirm, Director General, Swedish Road and Traffic Research Institute (VTI),

Sweden

FERSI - Forum of the European Road Safety Research Institutes

Drs Matthijs J Koornstra, SWOV, The Netherlands, Vice President of FERSI

SESSION I (COMMON) EUROPEAN PERSPECTIVE

14.00 - 16.00 (2 PM - 4 PM)

Chairman: Gunnar Carlsson, Swedish Road and Traffic Research Institute (VTI), Sweden

International Road Traffic and Accident Database (IRTAD)

Sven Krarup Nielsen, Road Directorate, Denmark

Traffic Safety in Eastern and Western Europe at the Beginning of the

Nineties

Ekkehard Briihning and Susanne Berns, BASt, Germany

Predictions of Road Safety in Industrialized Countries and Eastern

Europe

Matthijs J Koornstra and Siem Oppe, SWOV, The Netherlands

Social Attitudes to Road Traffic Risk in Europe: Goals, Methodology and

First Results from France

Pierre-Emmanuel Barjonet and Jean-Pierre Cauzard, INRETS, France

Safety of City-Cars, Conflict between Ecology, Economy, Road Traffic

Benefits and Safety

Hermann Appel, Berlin Technical University, Germany
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II

WEDNESDAY SEPTEMBER 30

WORKSHOP

ROADSIDE SAFETY FEATURES

18.00 - 21.00 (6 PM - 9 PM)

Chairman: Thomas Turbell, Swedish Road and Traffic Research Institute (VTI), Sweden

Use of Safety Audits in the United Kingdom

Stephen Proctor, TMS Consultancy, USA

A Methodology for the Determination and Evaluation of Safety

Improvement Alternatives for Roadside Hazards

Abdelkrim Ramache, University of Batna, Algeria

Justifying a Forgiving Highway

Michael G Dreznes, Energy Absorption Systems, USA

Development of a New Concept in Emergency Truck Escape Ramp Design

Robert A Mileti, Roadway Safety Service Inc, USA

Development and On-Road Use of a 4--Strand Wire Rope Safety Fence

Ivor B Laker, Road Accident and Road Safety Consultants, United Kingdom

Crash Cushions and Terminals

Charles F McDevitt, FHWA Turner-Fairbanks, USA

Cost Benefit of the Dutch Impact Attenuator RIMOB

Rien van der Drift, Ministerie van Verkeer en Waterstaat, The Netherlands

Harmonization of European Standards for Road Safety Systems

Bernd Wolfgang Wink, Volkmann & Rossbach GmbH, Germany

Update on the CEN-activities on Roadside Safety Features

Thomas Turbell, VTI, Sweden '

Panel Discussion
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THURSDAY OCTOBER 1

SESSION II A - SAFETYIN SOME EUROPEAN COUNTRIES

9.00 - 12.00 (9 AM - 12 AM)

Chairman: Kar/-Olov Hedman, Swedish Road and Traffic Research Institute (VTI),

Sweden

Coverage and Validity of Police Reported Traffic Accidents

Poul Henning Larsen, Danmarks Statistik, Denmark

Road Safety in Latvia

Juris Smirnovs, Riga Technical University, Latvia

Road Traffic Accidents Studies

Igor Korshakov, Moscow Automobile Highway Engineering Institute, Russia

(no oral presentation)

Traffic Safety Trends and Research in a Changing Road Transport System

- The Case of Portugal

Joao Lourenco Cardoso and Antonio Lemonde de Macedo, Laboratorio Nacional de

Engenharia Civil, Portugal

The Swedish Traffic Safety Experience - of interest for anybody but the

Swedes?

Birger Nygaard, VTI, Sweden

Safety and Traffic Management in CSFR

VM Medelska, STU Bratislava, Czechoslovakia

Comparison of the Problems of Austrian and Hungarian Road Users

Werner Klemenjak, Austrian Road Safety Board, Austria
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IV

THURSDAY OCTOBER 1

SESSION III A - ELDERLY ROAD USERS

9.00 - 12.00 (9 AM - 12 AM)

Chairman: Matthijs J Koornstra, Institute for Road Safety Research (SWOV), The

Netherlands

Driving-Related Tasks of Elderly Drivers

Christhard Gelau, Thomas Metker and Ulrich Trankle, Psychologisches Institut II der

Universitat Minster, Germany

Elderly People, Mobility and Safety

Héléne Fontaine and Yves Gourlet, INRETS-DERA, France

Road and Traffic Sign Design: The Needs of Older Drivers

Herbert T Morris, The Automobile Association, United Kingdom

Effects of Aging and the Development of Automatic and Controlled

Processes in Car Driving

J E (Hans) Korteling, TNO Institute for Perception, The Netherlands

(no oral presentation)

Personal Factors of Drivers' Self-Criticism

Tadeusz Rotter, Jagiellonian University, Poland
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THURSDAY OCTOBER 1

SESSION II B - SAFETY & TRAFFIC MANAGEMENT

13.00 - 17.00 (1 PM - 5 PM)

Chairman: Sven Krarup Nielsen, Road Directorate, Denmark

Accident Reduction through Area-Wide Traffic Schemes

Stephen Proctor, TMS Consultancy, United Kingdom

Urban Safety Management

Chris J Lines, Transport Research Laboratory, United Kingdom

Traffic Safety on the Regional Roads Network

Bystrik Bezak and Ludovit Rondos, STU Faculty of Civil Eng., Czechoslovakia

(no oral presentation)

Capacity and Safety Considerations for Left Turn Phasing Control at the

Signalized Intersections

Mohammad A $ Mustafa, M Pitslava-Latinopoulou and P Papaioannou, Aristotle's

University of Thessaloniki, Greece

Towards an Intense Co-Operation on Accident Investigations and

Surveillance

JefF Mortelmans, University of Leuven, Belgium

Drivers' Behaviour and Accidents at Traffic Controlled Junction

Dominique Fleury and Farida Saad, INRETS, France

Influence of Geometric Design Variables on Accident Rates on Two-Lane

Rural Highways

Koti Reddy Kalakota, M Nazrul Islam and Prianka N Seneviratne, Utah State University,

USA

Increased Speed Limit for Heavy Vehicles

Arne Carlsson and G&Gran Nilsson, VTI, Sweden

Monitoring Traffic Enforcement Effectiveness on a National Scale

David M Zaidel, Irit Hocherman and Alfred Shalom Hakkert, Technion-Israel Institute of

Technology, Israel
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THURSDAY OCTOBER 1

SESSION III B - VULNERABLE ROAD USERS

13.00 - 17.00 (1 PM - 5 PM)

Chairman: David Lynam, Transport Research Laboratory (TRL), United Kingdom

The Prevention of Child Pedestrian Accidents and Road Safety Education

for Children: A Comparison of Various European Approaches in the

Perspective of Developmental Psychology

Jean-Pascal Assailly, INRETS-LPC, France

Comparison of Accident Risk for School Children as Bicyclists in

Linkoping, Sweden and Odense, Denmark

Erik L Nordentoft, Johnny Ludvigsson, Anders Svensson, Lars Vejde, Ole Helboe Nielsen

and Ove Ramsussen, Odense University Hospital, Denmark

An Analysis of Bicycle Accidents in Western Europe and The United

States: 1975-1989

Elias M Choueiri, North Country Community College, USA and Ruediger Lamm,

University of Karlsruhe, Germany

Current State of Motorcycle Engineering and Research on the Active

Safety Sector

Cristoph Albus, BASt, Germany

Fatality Development of Vulnerable Road User Groups in Europe (1980-

1989) - Pedestrians, Cyclists, The Twens and The Elderly

Riidiger Lamm, University of Karlsruhe, Theodor Mailaender, Mailaender Ingenieur

Consult GmbH, Germany and Elias M Chouein, SUNY, USA

The Impact of UTC on Road Safety, with Particular Reference to

Pedestrians

John Hunt, University of Wales College of Cardiff, United Kingdom

Characteristics and Circumstances of Child Pedestrian Accidents

Miles Tight, University of Leeds, United Kingdom

VRU-TOO: An ATT Project for Vulnerable Road User Safety
Oliver Carsten, The University of Leeds, United Kingdom
(presented by David Sherborne)
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D A Lynam and Gordon Harland, Transport Research Laboratory, United Kingdom
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Wheeled Vehicles Accidents
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VIII

FRIDAY OCTOBER 2

SESSION IV - MARKINGS, SIGNS AND SIGNALS

9.00 - 12.00 (9 AM - 12 AM)

Chairman: Prof Dr Karl-Heinz Lenz, Bundesanstalt fur Strassenwesen (BASt), Germany

The M1 Chevron Trial

Robin Helliar-Symons, Transport and Road Research Laboratory, United Kingdom

Visual Guidance in Road-Work Zones

Johannes Aulbach, Technische Hochschule Darmstadt, Germany

Restructuring of Town Entrances on Roads Classified as Major

Jiuirgen Steinbrecher, Planquadrat, Germany

Right Turns on Red by a Constant "Green-Arrow-Sign"

Klaus Krause, BASt, Germany

Markings, an Important Visual Control System in Europe

Hans Dieter Schonborn, Road Management Rhineland Palatinate, Germany

Traffic Safety Related to Types of Road and Traffic Signals

Kazimierz Jamroz and Lech Michalski, Technical University of Gdansk, Poland

Route Choice Behavioural Models Analysis for the Realization of a Route

Guidance System for a Congested Urban Area

Stefano Carrese, Gaetano Fusco and Srefano Gori, University of Rome "La Sapienza", Italy

Development of Checking System of Guiding Road Signs Using Digital

Road Map Data Base

Masaharu Kawashima, Youichi Sakai and Setsuo Hirai, Ministry of Construction, Japan
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IX

FRIDAY OCTOBER 2

SESSION V - VEHICLES

9.00 - 12.00 (9 AM - 12 AM)

Chairman: Prof Dr Bernd Friedel, Bundesanstalt fur Strassenwesen (BASt), Germany

Car Characteristics and Safety

Heéléne Fontaine, INRETS-DERA, France

Vehicle Inspection - Its Importance for Road Safety

Stein Fosser, Institute of Transport Economics, Norway

On Stability of Four-Wheel Drive Motor Vehicles of Categories M1 and N1

A D Davidov, E N Nikulnikov and V I Salnikov, Research Centre for Testing and Refining

Automotive Vehicles, Russia

(no oral presentation)

Vehicle Design for Secondary Safety

Pete Thomas, Mo Bradford and Edmund Ward, Loughborough University of Technology,

United Kingdom

Vehicle Design for Primary Safety

Margaret Galer, Loughborough University of Technology, United Kingdom

On the Effectiveness of an Acitve Steering Wheel in Critical Driving

Situations

Josef Schumann, University of Armed Forces Munich and Karl Naab, BMW, Germany

The Role of Car Size and Aggressivity in Relative Collision Safety

Denis P Wood and S Mooney, Wood & Ass, Ireland

Transport of Dangerous Goods, a Risk Management Model

Niels O Jorgensen, Technical University of Denmark, Denmark

CLOSING REMARKS

Mr Georges Dobias, Director General, INRETS, France, President of FERSI
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Driving-related tasks of elderly drivers

Christhard Gelau, Thomas Metker and Ulrich Trankle

Psychologisches Institut II der Universitat

Fliednerstrafe 21, D-4400 Munster

Because of demografic trends in the highly industrialized western countries one

can expect a large increase of the proportion of elderly people in the population

for the future. Equally the proportion of elderly licence holders can be expected

to increase. Numerous studies from the United States, Japan, Scandinavia and

Western European Countries have shown that elderly drivers are strongly

interested in keeping their possibility of traffic participation as car drivers

for many years after retirement and it seems to be necessary to support this need

for mobility. On the other hand these trends may cause problems with respect to

traffic safety. In recent years many research efforts concerning problems of

elderly drivers have been undertaken. Results of this research are very important

for a design of traffic systems that takes into account needs of elderly drivers.

With these considerations in mind we are concerned with research (sponsored by

the German Federal Government) on identifying and analyzing driving tasks of

elderly car drivers at different levels. In the first step we interviewed 200

elderly male and female drivers (60+). Questions addressed different aspects of

strategic driving tasks like choice of the transportation mode for different trip

purposes, planning of the route, times of departure and arrival etc. Results show

marked differences between drivers from rural and urban areas with respect to

the use of their private car and emphazise the importance of the pivate car for

the maintenance of elderly drivers mobility. In step two we asked 80 elderly

arivers to do their typical driving trips using an instrumented car. We

videotaped these trips and tried to find out typical driving and manoeuvring

tasks elderly drivers have to handle with when doing their typical trips. For

example we tried to find out the frequency of turning manoeuvres at intersections

when doing shopping trips. In the next step we will compare driving behaviour

and subjectively experienced Gifficulties of elderly drivers and middle-

aged drivers in doing tasks we found out to be typical for the elderly in step

two. Especially we will look for age-G@ifferences in the processing of traffic-

relevant informations, in decision-making and in vehicle-handling.

Findings from our recent studies will be presented and discussed with reference

to relevant results from the literature on elderly drivers. Moreover we will

report on the state-of-art of our current research.
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Driving-related tasks of elderly drivers

Christhard Gelau, Thomas Metker and Ulrich Traenkle

University of Muenster, Department of Psychology

FliednerstraBe 21, D-4400 Muenster

1. INTRODUCTION

Because of demografic trends in the highly industrialized western countries one can

expect a large increase of the proportion of elderly people in the population for the

future. In 1985 about 18% of the population in Europe and 15% of the population in

Northern America were 60 years or older. Until the year 2025 one can expect that these

percentages will increase to about 25% in Europe and 22% in Northern America

(OECD, 1985). But even more pronounced the proportion of elderly licence holders is

expected to increase and this is especially true for the Federal Republic of Germany.

According to Hartenstein, Schulz-Heising, Bergmann-Gries et al. (1990) there will be an

increase of 85% in licence holders aging 55 years and more. For males this increase

is about 49%, for female as much as 159% .

With respect to traffic safety these trends could become critical. Several age-related

declines in visual skills, cognitive capabilities and motor performance are well known

from literature, that may impose problems on elderly people in coming up with the

demands of driving a car (c.f. TRB/NRC, 1988). Though there is a decline of (absolute)

accident frequency with increasing age there are several studies showing an incline of

the mileage based accident rates in the higher age-groups (e.g. Ellinghaus, Schlag &

Steinbrecher, 1990; Evans, 1988; OECD, 1985; TRB/NRC, 1988; Williams & Carsten,

1989). Studies on age-specific accident types are consistently showing an over-

involvement of elderly drivers in accidents at junctions suggesting problems in coping

with complex traffic situations (e.g. Broughton, 1988; Cooper, 1990; Moore, Sedgley &

Sabey, 1982; Stamatiadis, Taylor & McKelvey, 1991).

On the other hand numerous studies have shown that elderly drivers are strongly

interested in keeping their possibility of traffic participation as car drivers for many years

after retirement and that traffic participation is a substantial part of elderly peoples

quality of life (e.g. Ellinghaus & Schlag, 1984; Rosenbloom, 1991; Waller, 1991).

Therefore it is necessary to support the mobility needs of elderly drivers by improving

vehicle design, driver support systems, road design, and traffic regulations. This is

especially urgent in cases where public transportation services cannot fulfill elderly

peoples mobility needs.

With these considerations in mind we are concerned with research sponsored by the

German Federal Government' on identifying and analyzing driving tasks of elderly car

drivers at different levels.

 

' Bundesminister fur Forschung und Technologie/Bundesminister fur Familie und

Senioren Foerderkennzeichen 314-1722-102/10
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Basically our research includes four related steps that started with an analysis of

mobility needs of elderly drivers and will end with the development of suggestions with

respect to vehicles, roads, and traffic regulations in the last step. First results from step

one are available as yet and will be presented in this paper. Moreover we briefly report

on the state-of-the-art of our current research efforts.

2. MOBILITY NEEDS OF ELDERLY DRIVERS

Elderly drivers especially those being retired from their jobs are much more free in

taking their decisions on traffic participation. They are less limited in the choice of

routes, times, destinations, modes, and purposes than drivers of any other age group

(c.f. Hopkin, 1981). Models of the driving task appropriate for the analysis of the driving

behaviour of the elderly should take this consideration into account. Therefore we

suggest that the well established hierarchical three-level model of the driving task (e.g.

Bernotat & Kappler, 1985) should be expanded by a fourth level which includes the

tasks of making decisions on traffic participation and the choice of transportation modes.

Research reported in this section was conducted with the aim of exploring mobility

needs of elderly drivers by the identification of variables being crucial for the decision

to participate in traffic with the private car and the description of typical driving trips. For

a detailed description of methods employed and results see Gelau, Metker and Traenkle

(in prep.) and Metker, Gelau and Traenkle (in prep.).

2.1 Method

2.1.1 Subjects

In this study 200 elderly male and female drivers (60+) participated. Subjects were

recruited by drawing a random sample of 1000 car holders from the register of car

holders atthe Kraftfahrtbundesamt/Flensburg. Car holders included in the sample were

required to be aged 60 years or older. Respectively a half of them were required to be

male and female. Moreover one half was resided in rural areas around the city of

Muenster whereas the other half was resided in urban areas (cities of Muenster and

Dortmund). All car owners identified this way received a letter by the

Kraftfahrtbundesamt where this research was briefly described and they were asked for

participation. As far as they agreed to participate they were asked to send a prepared

postcard back to us where they could enter informations about adress, telephone

number, age etc. Using these informations we were able to contact them. Using this

recruitment strategy a total of 251 drivers indicated their willingness to participate. The

final sample consisted of 200 elderly drivers with 78 ageing 60-64 years, 98 ageing

65-74 years, and 24 being 75 years and older. Altogether there were 87 male and 113

female drivers.106 drivers were residing in rural areas and 94 in urban areas. Subjects

were holders of a driving licence for 32.8 years on an average (range 3 to 63 years).

Moreover one should note that 179 participants were retired from work.
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2.1.2 Procedure

Interviews were conducted using a semi-structured questionnaire. Questions addressed

different aspects of strategic driving tasks like choice of the transportation mode for

different trip purposes, planning of the route, times of departure and arrival etc.

Questionnaires were administered at respondents homes by interviewers who were

specially trained for this task. Questionnaire administration lasted about one hour and

respondents were paid a fee of DM 30,- for their participation.

2.2 Results

2.2.1 Frequency of car usage for several trip purposes

We asked our respondents how frequently they use their private cars for reaching

several trip purposes. The following nine driving trips were presented on small cards

and additionally illustrated by typical examples: work, shopping, business, medical

services, recreational purposes, holiday, visiting friends, visiting relatives. Respondents

were asked to tell wether they use their car "always", "often", "sometimes", "rarely", or

"never" for reaching each trip purpose. This question served as a filter. Respondents

who answered that they would use the car "always" or "often" for a certain trip were

classified as "car-users" for this trip and were asked further questions to explore this

typical trip in detail. In contrast respondents using their car "sometimes", "rarely" or

"never" for reaching a certain trip purpose were classified as "non-users" and were

subsequently asked about aspects of alternative transportation modes and reasons for

not using the car in the following. The percentages of car-users for each trip purpose

are presented in figure 1.

Regarding the percentages of "car-users" for each trip purpose one should bear in mind

that 89,5% of our volunteer respondents were retired from work. Therefore the driving

purpose work was excluded from further analyses at this point.

As one can see the percentages of "car-users" are highest for visiting trips. 77,5% use

their private car regularly for visiting relatives and 66,5% do so for visiting friends. The

lowest percentages of "car-users" can be found for the purposes of "business" and

"medical services".

One should notice that we asked our respondents for the frequency of car usage given

a certain trip purpose and not for the purpose given a certain trip. The latter aspect was

covered by different studies (e.g. Hopkin, 1981; OECD, 1985; Rosenbloom, 1988).

Unfortunately these results cannot easily be compared with our findings without

knowledge of the frequency of the activities connected with these trips by elderly

people. At least in the study reported by Hartenstein et al. (1990) drivers of different

age-groups were asked which trip purposes were especially hard to achieve for them

without their private car. Corresponding to our results (see figure1) 76% of the elderly

drivers (55+) said that they could hardly manage to visit their friends or relatives without

using their private cars. But in the same study it was also found that 82% of the elderly

drivers said that they could hardly meet their travel needs with respect to shopping or

business not using their private cars.
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shopping HHHHWHWIHH'HHHll 55

business JIIHIHIHWHHH sss»

medical services l'lllllllllm'lmll 40.5%

hobby/sports "i'HHWH"! Ml

purposes- -§ l||||||||||hlll|lillll JJJ) s«*

holiday - ||HH|||||||HMH J >*

friends UD fLomI «=>

relatives HWWII ||||||H|HH|H||H|HHH. 6%

Figure 1: Percentages of car-users for each trip purpose (always/often) N=200.

2.2.2 Alternative transportation modes

As one could see in the previous section the frequency of car usage depends largely
on the trip purpose. To complete our view of elderly drivers mobility needs it also seems
necessary to find out which alternative travel modes elderly drivers choose if they don't
use their private cars for a certain trip. The results (see table 1) suggest that elderly
drivers who do not use their private car tend to prefer "slow modes" (bicycle, walking)
as alternative transportation modes. This is especially true for daily activities implying
trip purposes like shopping, business, and medical services. In contrast public
transportation services are not very popular among them at least when these daily
activities are concerned. When visiting relatives they use railway transportation and
for leisure activities (hobby/sports, recreational purposes) bus services to some extend.
The same is true for the possibility of driving as a car passenger. But keeping in mind
that for leisure activities (hobby/sports, recreational purposes) and social contacts
(visiting friends, visiting relatives) the lowest proportions of non-users were found these
results confirm the notion made by other authors (e.g. Hartenstein et al., 1990) that
elderly drivers (owner and driver of a private car) don't make choices between public
and private transportation modes even though they have the most options available.
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transpor- shopping business medical hobby recrea- visiting visiting

tation services sports tional friends relatives

mode purpose

n= 87 n=127 n=119 n= 81 n= 78 n= 66 n= 47

walking 67.8% 71.4% 69.7% 40.7% 17.9% 51.5% 31.9%

bicycle 49.8% 45.2% 38.7% 30.9% 50.0% 50.0% 29.8%

bus 4.6% 4.8% 6.7% 19.8% 29.5% 9.1% 4.3%

railway 4.6% 1.6% 3.4% 7.4% 7.17% 10.6% 38.3%

car R

passenger 2.3% 2.4% 6.7% 16.0% 23.1% 9.1% 19.1%

taxi = - 0.8% 3.7% = 1.5% 4.3%
    

 

Table 1: Alternative transportation modes used by non-users of the car to reach their

trip purpose. Question:"You said, that you sometimes/rarely/never use your car

for ... (trip purpose). Which transportation mode do you use instead?"

2.2.3 Background of use and non-use of the private car

To explore reasons for the preference of the private car for a certain trip purpose we

asked car-users for reasons of not using an alternative transportation mode. Thereby

one should keep in mind that one reason for the use of the private car might be that

there is simply no alternative transportation mode available for reaching a certain trip

purpose or that the possibility of using another transportation mode is at least not

perceived. With the exception of visiting relatives about 50%of our respondents said

that public buses were available as alternative travel mode for all trip purposes (see

table 2).

 

 

 

 

 

 

 

 

       

transpor- shopping business medical hobby recrea- visiting visiting

tation services sports tional friends relatives

mode . purpose

n= 110 n= 71 n= 81 n=109 n=113 n=133 n= 151

walking 19.7% 20.0% 16.9% 15.7% 2.3% 5.9% 5.1%

bicycle 34.8% 26.7% 25.4% 27.1% 23.3% 10.7% 10.1%

bus 53.3% 57.8% 59.3% 44.3% 51.2% 57.1% 35.4%

railway 10.6% 4.4% 13.5% 21.4% 25.6% 45.2% 59.6%

car

passenger =- w - 5.7% t =- 2.0%

taxi 3.8% 2.2% 6.8% 4.3% 2.3% 3.6% -

other « « =- = 2.3% 1.2% 2.0%
 
 

Table 2: Percentages of car-users who could imagine to reach their trip purpose using

an alternative transportation mode. Question:"Can you imagine to use an

alternative transportation mode."
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With respect to the low popularity of public transportation modes among the non-users

of the private car (see table 1) these results suggest that elderly drivers are not unaware

of this possibility but that there are circumstances which make the private car more

attractive. Asking our respondents for the backgrounds of not using the alternative

transportation mode available to them personal convenience, temporal expenditures,

and independence were the most frequently claimed reasons for all trip purposes.

In addition to these results we asked a sample of 66 elderly drivers (60+) and 79

younger drivers (19-40) about the importance of several attributes of transportation

modes. Data were collected within the context of another study, that is described in

detail elsewhere (see Gelau et al., in prep.). Subjects were required to imagine a

situation where the choice of a transportation mode for reaching a trip purpose

(shopping in a big city) had to be made. A total of ten attributes of travel modes were

presented to them and they were asked to rate the importance of each attribute when

making their decision on a transportation mode in this situation. Mean importance

ratings are presented in figure 2.

elderly Ss younger Ss

(60+) (18-40)

 

 

    

wee . . AM

speed ** 2.80
t(142)=-2.78 4.41

ecologically beneficial ; ' 4.14
t(142)= 1.5 LLL 3.87

comfort *** | i 3.72
t(143)=4.21 2.86

independence % , 3.23
t(142) =-1.42 3.54
luggage *** f ' 4.27
t(139) = 4.43 3.47

physical effort * j ma 3.65
t(142)=2.4 3.15
fun aas 2.65
t(141)=-1.48 1 2.99

financial costs ** ; 3.48
t(138) =-2.95 72 4.12

accident risk *** f f 3.89
t(141)=3.71 3.01

additional walking f 2.58
t(143) =-0.09 2.59

1 2 3 4 5

*=p<.05 1=not important at all
**=p<.01 5= very important

***=p<.001

Figure 2: Attributes of transportation modes. Mean importance ratings.
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In comparison with the younger drivers elderly drivers put more emphasis on such

aspects as comfort, the possibility of transporting luggage, low physical efforts, and low

accident risks. In contrast the importance of speed and low financial costs is rated

significantly higher by younger drivers. Results are not quite conclusive because the

proportion of subjects preferring public transportation services in this fictious situation

was equally high among the younger and the elderly. But at least one can say that

several features of transportation modes are processed in an age-specific way when a

decision is made.

2.2.4 Differences between elderly drivers residing in rural and urban areas

Differences between elderly car owners living in urban and rural areas were found with

respect to the annual mileage. Respondents were asked to give an estimation of their

current annual mileage and their annual mileage in earlier years using four categories

(<5000 km, 5000-10.000 km, 10.000-20.000 km, >20.000 km). Results (see table 3)

show that the percentage of drivers with a very high annual mileage (>20.000 km) is

higher for elderly drivers residing in rural areas though this difference is more

pronounced for the annual mileage in earlier years (Chi(3)=10.79; p<.05).

 

 

 

 

 

 

       

annual mileage residents residents annual mileage residents residents

of of in earlier years of of

urban rural urban rural

areas areas areas areas

> 5000 km 28.7% 27.4% > 5000 km 13.8% 11.3%

5000-10000 km 39.4% 30.2% 5000-10000 km 20.2% 24.5%

10000-20000 30.9% 33.0% 10000-20000 53.2% 34.9%

km km

< 20000 km 1.0% 9.4% < 20000 km 12.8% 29.3%

total 100% 100% total 100% 100%

 

chi'(3)=7.8 p=.05 chi(3)=10.79 p=.05

 

Table 3: Annual mileages of residents of urban areas (n=94) and rural areas (n=106)

actually and in earlier years.

Differences in the frequency of car usage between urban and rural areas can also be

found for daily activities (shopping, business, medical services). The percentage of

elderly drivers who use their private cars regularly for two or three purposes a day is

fairly higher in rural than in urban areas (Chi?(1)=6.71; p<.01).
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residents residents

of of

urban rural

areas areas

0-1 purpose 68.1% 50.0%

2-3 purposes 31.9% 50.0%

total 100% 100%

chi'(1): 6.71 p<.01

Table 4: Car usage for daily activities (shopping, business, medical services) by

residents of urban areas (n=94) and rural areas (n=106).

Accordingly the percentage of elderly drivers who use their car every day was found

to be 26,7% in rural areas as compared with 16,3% in urban areas though this result

didn't reach statistical significance. For urban areas one can expect that people can do

more of their daily activities using slow modes of transportation. Moreover people

residing in urban areas are provided with a better system of public transportation

services. For example we asked the elderly drivers when they made the last trip using

a public bus. Answers of the respondents seem to supportthe last notion. For 35.8%

of the elderly drivers living in rural areas we found that the last trip using a bus was

more than one year ago (see table 5). In urban areas the proportion of respondents

whose last trip using a bus was more than one year ago is distinctly lower (12.8%)

(Chi:(2)=19.39; p<.01). ,

 

 

 

 

 

   

last time of bus residents residents
usage of of

urban rural
areas areas

less than 1 year 78.8% 49.1%
ago

more than 1 year 12.8% 35.8%
ago

never used a bus 8.4% 15.1%

total 100% 100%

 

chi'(2)= 19.39 p<.01

Table 5: Last usage of a public bus by elderly drivers residing in urban areas (n=94) and
rural areas (n=106)
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Again one should notice that these results reflect aspects of the transportation mode

choice behaviour of elderly people who are owners and users of a private car. One

cannot conclude that public transport services are of low significance in fulfilling

transportation needs of elderly people in general. But at least for elderly people who are

active car drivers one can state that choices between public transportation modes and

use of private car are relatively unflexible and hardly depent on the trip purpose.

3. CURRENT AND FUTURE RESEARCH EFFORTS

To get a picture of the manoeuvring tasks that are going along with each of the driving

trips we then asked 80 elderly drivers to do their typical driving trips using an

instrumented car. To avoid problems from being not familiar with a car, we only used

drivers usually driving a car similar to our instrumented vehicle. The sample was drawn

in the same way as in the foregoing step. We videotaped a total of 157 trips from the

point of view of the driver. Using a special recording system we are presently

concerned with analysis of these typical driving trips with respect to the frequency of

traffic situations and resulting manoeuvring tasks. Because of the large-scale data

analysis first results will be available at the beginning of 1993. In the next step we will

compare driving behaviour and subjectively experienced difficulties of elderly drivers

and middle-aged drivers in doing tasks we found out to be typical for the elderly in the

foregoing step. Special emphasis will be put on differences between elderly drivers and

experienced middle-aged drivers in the processing of traffic-relevant informations, in

decision-making and in vehicle-handling.
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Abstract

The population in Europe is growing older. The mobility behaviour of the elderly is

highly specific, and cannot fail to influence road safety, as they are extremely vulnerable, for

physiological reasons, and because they use less protected travel modes.

Several dominant features have already come to light :

- the over-involvement of elderly people in accidents at road intersections,

- old people are also more often involved as pedestrians and cyclists,

- they are more likely to be assumed responsible of accidents than other drivers.

The needs of elderly drivers are very specific: problems of lateral detection and

assessment are greater for these drivers than for users as a whole; whereas difficulties related to

alcohol or fatigue are relatively speaking less important.

Thus, for a better evaluation of the effect of this demographic trend on road safety, it 1s

necessary to obtain more information on old people involved in accidents, and to situate them

with regard to the whole population. Our objective is therefore to provide a description of

elderly road users based on the use of accident and mobility databases and to evaluate road risk

according to different types of indicators using direct and induced exposure estimates.
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ELDERLY PEOPLE, MOBILITY AND SAFETY

Héléene Fontaine and Yves Gourlet ,
Département Evaluation et Recherche en Accidentologie
Institut National des Recherches sur les Transports et leur Sécurité (Arcueil, France)

1 . INTRODUCTION

The increase in life expectancy and the tendency for the birth rate to fall have the
effect of increasing the proportion of elderly people in European populations. These
elderly people are also road users with very specific mobility patterns, a fact that has
consequences on accidents. While the risks of young people are often quoted in
safety research, it 1s important to analyze the factors leading to road dangers for the
older population, so as to measure the impact in this field of demographic change
and ways of life, especially as far as driving habits are concerned. Our objective is,
therefore, to underline the distinct characteristics of drivers aged 65 and over in
terms of mobility and accidents, and to evaluate their risk using different indicators.
We have kept to this age limit because, over 65, the level of professional activity of
individuals is very low, a fact which brings with it a particular way of life.
However, this category of 65 and over is not uniform and the problems of road
safety are more serious for those over 70.

2 % THE MOBILITY OF ELDERLY DRIVERS

The ageing of the population on the one hand and driving habits on the other will
have effects on the growth of mobility of older drivers. Thus, according to a report
by CREDOC: "the proportion of driving attributable to households whose head is
older than 58 1s likely to double between 1980 and 2010" (Lambert and Madre,
1989). A growing number of women have taken to driving a car and these women
will continue to use this mode of transport as they grow older. At the present time a
quarter of main drivers aged 65 or over are women, and this proportion will
certainly increase, a fact which will accentuate the demographic effect (Chich,
1991).

The mobility of older drivers can be taken from a sample group survey carried out
each year, on the use of passenger cars. The distances are estimated from the annual
kilometres covered, as reported by the main drivers. The sample used is 7,324
drivers and the year 1990 is applicable.
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average kilometres driven
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Figure 1: average kilometres driven in 1990, by age and sex of the main driver

Figure 1 shows results which are very typical and common to many countries: the
annual distances travelled decrease as the age of the main driver increases and are
higher for men than for women. Note, however, that the annual kilometres covered
is that declared for the vehicle. There is, therefore, some margin of error in
attributing this distance to the main driver. 30% of the main users aged 65 and over
"lend" their vehicles (41% for all drivers), and this represents just under 5% of the
distances covered (7% for all dnvers). The occasional drivers are, in general,
younger and, more often women (figure 2). The annual average distance travelled
by young people and by women is, therefore, overestimated when the kilometres
covered by the vehicle are attributed to the main driver in this age group; but, in the
same way, the proportion of all kilometres covered by young people and by
women, insofar as they are main and occasional drivers, is under-estimated.

 

distribution per 100 main drivers distribution per 100 occasional
drivers

   

  

 
      

    

Figure 2: proportion of main and occasional drivers by age in 1990
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Another limitation of this survey is that it is based on the statements of drivers. A

slight under-estimation was observed in 1990 when comparing the statements and

the estimate in differences in kilometres on the meters of vehicles which had

remained for over two consecutive years in the sample. These differences vary

according to the age group of the main driver: significant for the young,

insignificant for those aged 65 or over.

 

 

 

 

age ofmain drivers average difference between

calculated and declared km

18 to 24 years 1048 km

25 to 34 years 677 km

35 to 44 years 360 km

45 to 64 years 191 km

65 years plus -40 km

all drivers 328 km

Table 1; aver ifferen n kms calculated from the meter and the km

declared for matching vehicles - source: (Hivert et al. 1992)

The proportion by road network as declared by drivers shows that older drivers

drive less frequently in urban areas and more often on motorways and other roads in

the open country (figure 3). The large proportion of distances covered on

motorways (18%) may seem surprising but it corresponds to the fact that this age

group is more concentrated in small rural communities (INSEE, 1990) and also that

there are fewer commuter journeys which are more concentrated in urban areas. It

has been shown, using surveys carried out in the United Kingdom (Banister,

1992), that, if the "obligatory" journeys, linked to work, are not taken into account,

the movement characteristics of older drivers are similar to those of other drivers.
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Figure 3: distribution of kilometres driven by road network and age of main driver
in 1990

 

3 . TYPES OF ACCIDENT

Data concerning accidents come from 2 sources:

- an exhaustive file which contains all the statistical forms completed by the Police
and Gendarmerie after every accident involving personal injury in France
(162,573 accidents in 1990).

- the database of police reports set up at INRETS from a representative 1/50th
sample taken at national level (Fontaine et al, 1992). These documents, which
serve as a basis for any legal action, are drawn up for each accident involving
personal injury by the Police and Gendarmerie. They describe the facts in detail
and contain declarations from each of the parties involved. They give an overall
view of the accident.
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3.1 Increased severity of accidents

It is in the 65 plus age group that the consequences of injuries sustained in accidents

are the most serious. About 6 people out of 100 involved in this age group are

killed, whereas this rate is less than 3 for the population as a whole. This

vulnerability reflects the frequent use of less protected modes such as walking or

cycling (figure 4) and greater susceptibility to injury: the increased seriousness of

injuries sustained by elderly accident victims is discernible in each of the modes

when taken separately.

all users

users 265 years old

 

 

0% 20% 40% 60% 80% 100%

B pedestrians bicycles Ea motorcycles cars others

   

Figure 4: Distribution of fatalities by type of user for elderly people and for all users

in 1990

It is pedestrians and cyclists who pay the highest price. More than one out of three

pedestrians killed (34%) and almost one cyclist out of four killed (23%) are aged 635

or more.

3.2 Multi-factorial analysis

To highlight the links between the different criteria which define the vehicles-drivers

involved in accidents and to reveal the specific characteristics of elderly drivers, we

have used a multi-factorial approach. An analysis of multiple relationships was

carried out on a sample taken from the police report file.

The sample analyzed comprises 5,304 vehicles-drivers. We chose to retain 20

active variables which are used to define the axes of the factorial analysis: 10

describe the vehicle-driver involved in the accident (age, sex, profession, area of

residence, reason for journey, level of alcohol, presumed responsibility,

manoeuvre, number of passengers). We have added 8 variables relating to the

environment (type of day, month, light conditions, atmospheric conditions, location

at or away from an intersection and within or outside a built-up area, type of road,

layout) and 2 relating to the type of accident (number of vehicles involved,

pedestrian accident).
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Axis 1 relates to the location of the accident: within or outside a built-up area and the

type of road. It separates losses of control on roads in the open countryside, that is

the most serious accidents, and accidents in built-up areas. The size of the built-up

area decreases along axis 1.

Axis 2 is linked to the motive for the journey, the socio-professional category of the

driver and the type of vehicle (car, heavy goods vehicle and two-wheelers).

Age is a great contributory factor in the formation of axes 3 and 4 which is the

factorial plan represented in figure 5. The group of elderly drivers is clearly

differentiated on the left side of the axis: this group contains a great proportion of

the accidents which occurred in daylight, at a crossing, outside a built-up area,

during left turns. The driver is often presumed to be responsible. The criteria

correlated with elderly drivers naturally appear close together: retired, family

vehicle, leisure journey.

On the other side of axis 3 is the group of young drivers involved in accidents

caused by loss of control, which means, in most cases, excessive speed. The

criteria "alcohol", "bend", "borrowed vehicle" are linked to this group.

 

A axis 4

changing direction

>65years old overtaking

retired turning left secondary road |__ motor cycle
presumed responsability

leisure bend
daylight loss of control

intersection killed <30 years old single veh.

bad weather

not built-up axis 3

Se-
major road borrowed veh alcohol

pedestrian

30 to 64 years old built-up

multiple collision commuting
motorway

 
Figure 5: analysis of the multiple relationships with vehicles-drivers involved in

accidents (factorial plan of axes 3 and 4)

This specificity in types of accidents according to the age of drivers can also be
found by analyzing exhaustive accident file (figure 6). Thus, the proportion of
those involved in a single vehicle accident outside a built-up area diminishes
strongly with age of the driver, while the proportion of those involved at
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intersections outside built-up areas in accidents involving two vehicles increases

with age.
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Figure 6: part of accidents involving single and 2 vehicles at intersections compared

with all cars involved outside built-up areas in each age group in 1990

With accidents at intersections, outside built-up areas, elderly drivers are

significantly more often presumed responsible than others since, out of 100 elderly

drivers involved in this type of accident, 73 are presumed responsible, while this

rate is 49 for all drivers. This presumption of responsibility in accidents at

intersections is confirmed in foreign studies. In Australia, the frequency of

convictions involving refusal to give way increases with age; in Germany, the risk

of responsibility in 2 vehicle collisions is highest for elderly people (OCDE/OMS,

1985).

3 . 3 Difficulties encountered by elderly drivers

This over-representation of drivers at intersections is a reflection of the difficulties

involving changes in direction, in particular the "left turn". The types of difficulty

encountered by drivers in their driving task have also been revealed through an

analysis of the needs of users in information and assistance within the framework of

an evaluation of future systems of driving aids in PROMETHEUS (Malaterre et al,

1991). Types of needs for elderly drivers are very specific (figure 7); the problems

of lateral detection and those linked to evaluation play a more important part than for

road users as a whole, while difficulties linked to the driver status (alcohol or

tiredness) are relatively less important. Any future equipment will have to take such

needs for information and assistance into account while making sure that it does not

make the driving task even more complex.
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Figure 7: proportion of difficulties encountered by drivers of cars involved in

accidents, for elderly users and for drivers as a whole

These difficulties can be found by reading the statements of elderly drivers in

accident police reports.

Detection problems:

Mrs O. 69, was driving along a minor road when she arrived at an intersection

with a major road. She stopped at the stop sign: "I looked in both directions

and, seeing nothing, I joined the main road". She was then struck by a vehicle

coming from her left.

Mrs L. 76: "I stopped at the stop sign and then, seeing no car coming, I set off.

When I noticed the car coming from my left, it was too late".

Estimation problems:

Mr C. 78, was performing a left turn manoeuvre at night when he struck two

motor-cyclists: "I thought I saw some vehicles in the distance giving me enough

time to cross over... I think I confused the headlights of the motor-cycles which

must have been on two similar parallel axes quite close to each other, with the

two headlights of a car which would have been further away".

Mr P. 70, crossed an intersection and struck a vehicle coming at right angles: "I

saw a vehicle coming up on myleft but I thought that it was far enough away to

allow me to cross". -
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Drivers sometimes mention that they have been flustered by other vehicles:

- Mr C. 87, was getting ready to turn left onto a minor road: "seeing in my mirror

a vehicle coming up behind me and seeing that it was a heavy goods vehicle, I

wanted to clear the road as quickly as possible and so I turned left. I did not see

a vehicle approaching in the opposite direction and the collision took place."

- Mrs T. 80, involved in an accident at an intersection: "I was frightened by

hooting from the car behind me and that is why I pulled out too soon onto the

intersection".

4 . RISK EVALUATION

The risk can be estimated comparing accident involvement rate to a measure of

exposure. Among the different risk exposure indicators, we have retained the

distance covered. This was evaluated using two approaches.

The first approach is based on the annual kilometres driven, as declared in the

mobility survey. We have seen the main limitations of this method:

- kilometres covered by the vehicle are attributed to the main driver; this under-

estimates the exposure of young drivers and women who are frequently

occasional drivers and, consequently, has the effect of over-estimating their risk.

- it is based on the driver statements, and young drivers under-estimate their

kilometres.

- it is difficult to obtain very disaggregated results since numbers rapidly become a

limiting factor.

The second approach estimates exposure using the proportion of those presumed

not responsible in two-vehicle accidents. This method called "quasi induced

exposure" has already been the subject of many papers; for example: (Haight,

1973), (Koornstra, 1973), (Lyles and Stamatiadis, 1991). It supposes that in most

two-vehicle accidents, there is a "responsible" driver who has caused the accident

and an "innocent" driver. The hypothesis used is that the "innocent" drivers

represent a random sample of vehicles-drivers on the road, from which one can

estimate a measure of isk exposure. This method has the advantage of providing

disaggregated results insofar as it relies solely on accident data. It is also limited:

- the idea of responsibility in an accident is a very delicate problem since a large

amount of subjectivity may enter into play when presuming responsibility.

- the idea of shared responsibility is not considered at all here. The example most

often quoted is that of an accident at an intersection controlled by lights where

one of the users goes through at the end of a "long yellow light" and the other

user anticipates the change to green on his lane; each states to the police that they

have crossed on the green. If there are no witnesses, attribution of responsibility

is difficult.

- one must suppose that certain population groups are more capable of avoiding an

accident in cases of conflict than others .

We have compared (figure 8) the estimates obtained using the two approaches.
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Figure 8: msk exposure according to the two approaches:

- proportion of declared kilometres for vehicles according to the age of the main

driver

- proportion of car drivers presumed not responsible in two-vehicle accidents

The two estimates are significantly different, which is not surprising taking into

account the numbers: 7,324 main drivers and 58,118 drivers not held responsible in

two-vehicle accidents. It is essentially young drivers who distort the two curves

and this is due to the fact that they are less likely to be the main driver of a vehicle

and are therefore under-estimated in the proportion of the kilometres declared. To a

lesser degree, elderly people are over represented in kilometre declarations.

The risk will be evaluated by relying on these two approaches and taking into

account the age and sex of the drivers.

4.1 Risk evaluation using declarations of kilometres driven

The proportion of cars involved in an accident with injury in 1990 according to the

age and sex of the drivers, has been linked to the kilometres declared by the main

drivers (figure 9). This is a relative risk with a value equal to 1 for all the

population.

VTI RAPPORT 380A



25

> _ risk=1 for all drivers   

 

 

 

I! HH..
0,5 - -- 3 aeo - 3% G Bx

age Qq

-

@

-

& a E
group (_- & & &

-

R

-

$

-

$
 

E men D women

   

Figure 9: relative msk according to age of main driver

all collisions / declarations of kilometres in the mobility survey

 

When the proportion of accident involvements is linked to declarations of kilometres

covered, there appears to be a very high risk for young drivers (3 times more than

for drivers as a whole). The risk then reduces with age, then rises slightly from 70

and over. Let us remember that taking into account the main drivers when

evaluating the distance travelled, under-estimates the proportion of exposure of

young drivers. The risk for women under 50 is lower than that for men of the same

age.

4 . 2 Risk evaluation with induced measure

This second approach supposes that the proportion according to the age and sex of

drivers presumed not to be responsible in two-vehicle collisions allows exposure on

the road to be evaluated. Two hypotheses can be made here:

- one may suppose that the population of those involved in accidents presumed not

responsible in two-vehicle collisions allows exposure to all types of accidents to

be evaluated. The risk will then be obtained by linking the proportion of all those

involved to that of those not responsible (figure 10)
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Figure 10: relative risk by age and sex:

involved in all accidents / presumed not responsible in 2-vehicle collisions

- a second hypothesis considers that those presumed not responsible can be used

as statistics to measure exposure solely for accidents involving two vehicles

(figure 11).
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Figure 11; relative msk by age and sex in two-vehicle collisions:

involved in 2-vehicle collisions / presumed not responsible in 2-vehicle collisions

©

We find here again the classic "U" curve of misk according to age. But in the case of

2-vehicle collisions (figure 11), the over risk for elderly divers is clearly greater than

that for young drivers. It is here that the specific problem of this category of users

at intersections is found.

Elderly women present a higher risk than men of the same age. As in the first

approach, it is over 50 that their mnsk becomes equal or higher to that of men of the

same age group, but one using the induced exposure method, this difference

increases after 70 years. This result may be due to the fact that, for this generation,
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women are less used to driving since some would have started driving late in life,

following a divorce or being made a widow, for example. One can put forward the

hypothesis that future generations of women will have started driving earlier, a fact

which may reduce their risk when they are older.

The risk to young drivers evaluated from this second approach is relatively low

compared with the results of other works (Fontaine, 1988). The use of the concept

of being presumed "innocent" in two-vehicle accidents causes elderly people to

appear as a high-risk group. Note that one often finds in the literature another risk

indicator which uses the relationship between the proportion of drivers presumed

responsible and that of those presumed not responsible. This type of indicator has

the effect of increasing riskdifferentials and of accentuating the shape of the "U"

curve by age, but the conclusions remain the same as before.

5 . CONCLUSION

This analysis of data available in France on mobility and accidents has emphasised

driver characteristics very similar to those obtained in other countries in Europe:

- this population is, for physiological reasons and because it uses less protected

modes of travel (pedestrians, bicycles), particularly vulnerable,

- an increased involvement in accidents at intersections with problems of detection

and estimation in the driving task can be observed,

- they are presumed responsible more often than other drivers, especially at

intersections,

- they cover fewer kilometres than the average driver but their risk of accident per

kilometre is higher over 70 than for drivers as a whole, whichever approach is

used to estimate exposure. Elderly women present a greater risk than men of

their generation.

It appears necessary to have reliable data on the distances covered by all main and

occasional dnvers so as to validate the method of induced exposure. The future

survey on transport which is to take place in France in 1993,will give, using car log

books, just such information.

This user category, which is increasing in the population poses, therefore, specific

problems. And while much research on the "intelligent vehicle" is in progress, it

appears very important to concentrate on types of driving aids which will allow

elderly drivers to respond to the difficulties of adapting to the road traffic system.

Particular attention will have to be paid to "man-machine" interfaces so as not to

increase the complexity of the driving task. Emphasis can also be placed on other

types of action concerning infrastructure, and more specially the improvement of

intersections, since it is here that the main problems are encountered.
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ROAD AND TRAFFIC SIGN DESIGN:

THE NEEDS OF OLDER DRIVERS

Abstract

There is a growing demographic change towards an older population. By the year

2025, almost 25 per cent of Europe's population will be over the age of 60 years -

over 60 per cent of them will have a driving licence. This has implications for road

safety.

The skills necessary for safe driving begin to deteriorate more rapidly at about age

55 years - the decline is much more dramatic over the age of 75 years. In

particular, there is a decline in vision, the ability to be able to deal effectively and

quickly with complex situations reduces, and physical decline makes the driving

task more difficult. This all means that compared with their younger counterparts,

older drivers take longer to make correct driving decisions, have difficulty in

accurately and safely judging the speed and distance of other vehicles and rely far

more on traffic signs and road markings.

The paper will draw on research carried out by the Automobile Association

Foundation for Road Safety Research, and research in the United States of

America, into older drivers. It will examine:

* the forecasts of the older driver population of the future;

* their physical and mental characteristics;

* highway design deficiencies that disadvantage older drivers;

* the importance of good quality road markings in helping older drivers,

particularly at night;

* the need for the design of traffic signs to recognise the lesser abilities of the

growing number of older drivers.

The paper will conclude by showing how the road environment must be adapted

and improved and be better managed to provide a higher level of service and safety

for Europe's growing population of older drivers.
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1. INTRODUCTION

The population of most member states of the European Community will

increase relatively slightly over the rest of the decade and into the next

century. However, these modest increases hide a significant

demographic change towards a much older population.

The population of the UK for example is expected to increase by 6 per

cent over the period 1985-2025 - but the proportion of the population

aged over 65 years will increase by over 30 per cent. In other European

countries the forecast increase in the over 65's population ranges from

between 22 per cent and 74 per cent.

With the population growing older dependence on the private car for

personal mobility is also going to increase.

There are now about 10 million driving licence holders in the UK over the

age of 55. By 2001 the number will have risen to 12 million, and by

2025 there are likely to be 17 million drivers older than 55. The

proportion of these older licence holders who are women will also steadily

increase. A similar trend is forecast in all other European countries.

This rising population of older drivers will face higher traffic levels. The

UK Department of Transport estimates that the volume of car traffic in the

UK will increase by nearly 50 per cent by the end of the century; all

traffic in the UK could increase by up to 142 per cent by 2025. Other

European countries face similar increases in car ownership and use .

There is growing awareness particularly in the United States and in

Europe, that the problems resulting from an increasing proportion of older

drivers must be examined and solutions found and implemented. What is

also becoming clear is that the road environment will have to be changed

to accommodate the needs and expectations of older drivers.

This paper looks at some of the problems faced by older drivers when

they negotiate road junctions and when they read traffic signs. It sets

out the benefits of good quality road markings and suggests changes in

design and maintenance standards to provide a better level of service on

the road network.
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2. OLDER DRIVERS AND THE ROAD NETWORK

Although there has been only limited research in the UK into the problems

of older drivers, there is evidence that accident involvement increases

with age, and that involvement in accidents at junctions is proportionately

higher among older drivers. '

The lack of positive data prompted the AA Foundation for Road Safety

Research to commission a major study of 1000 drivers aged 55 to 75

years plus. It was not the AA Foundation's purpose to explore accident

risk. The study was initiated to provide insight into the problems faced

by older drivers from their point of view.

The study carried out in 1988 investigated the importance of the car to

older people and its use by them. It also looked at older drivers'

attitudes to traffic conditions, at aspects such as tiredness, alcohol,

eyesight and health, and at factors that helped them to decide when to

give up driving.

The AA Foundation's report - "Motoring and the Older Driver" -

recommended a number of areas for action. These were subsequently

developed by a Working Group of experts drawn from the UK Medical

Commission on Accident Prevention (MCAP) and The Automobile

Association. The Working Group's Report "Helping the Older Driver"

was published in 1990. It made a number of recommendations including

some in respect of the road environment:

"Poor road design affects older drivers more than younger drivers.

Consideration should be given to whether or not highway design

should be more related to older driver performance. This is of

special relevance to junctions.

Adequate roadside facilities and traffic calming measures would

benefit older drivers.

The proper maintenance of signs and markings is of importance to

all drivers, especially the older driver."

In the United States there has been much more research into the

problems of older drivers, and in some areas positive action has been

implemented. The US Transportation Research Board's Special Report

218 - "Transportation in an Ageing Society" - recommended action in

several areas in relation to the road environment. They included:

* Improved sign visibility - increasing letter height, improved

conspicuity, providing multiple signing, and the use of more

symbols on signs;

* Improved road markings - emphasising the inspection and

maintenance of markings, providing more reflectorised markings

and delineators;
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* Improved junction design - increasing visibility standards,

simplifying junction layouts.

What is clear is that highways and traffic engineers now need to look at

the level of service provided on the road network, and ensure that it

meets the needs of the rapidly rising older-driver population. To do this,

they need to be aware of the declining physical and mental abilities of

older drivers and to relate these to road design, traffic signing and road

markings standards.

3. PHYSICAL AND MENTAL CHARACTERISTICS OF OLDER

DRIVERS

The extent to which physical and mental abilities change with age vary

greatly from one person to another: there is no relationship between

someone's "biological" age and their age in years. Considerable

individual differences exist within an age group and between various -

ages. It is generally accepted, however, that the skills necessary for

safer driving begin to deteriorate more rapidly at about the age of 55

years. There is also evidence that the decline is much greater in people

over the age of 75 years.

The most significant changes include:

Decline in vision - which accelerates at around the age of 55 years.

The ability to see clearly declines more quickly and peripheral vision

is reduced. Older drivers also tend to have trouble adjusting to

headlight glare. These can be serious problems as it has been

estimated that more than 90 per cent of all of the information

necessary for driving is acquired visually. This is why clear traffic

signs and well maintained road markings are important aids to older

drivers, particularly at night.

Decreased cognitive capabilities - this is the reduced ability to be

able to deal quickly with complex information. Cognitive

deficiencies that affect driving ability can include confusion and

inattention, and slowed reaction and decision time. These mean

that older drivers may experience greater difficulty in adjusting to

traffic conditions and in judging the speed and distance of other

vehicles; and more difficulty in reading and understanding traffic

signs.

Declining physical abilities - As people grow older they physically

weaken and lose agility. They may experience some difficulty in

turning the head from side to side, and in looking behind. These

difficulties cause particular problems to older drivers in re-starting

at junctions and in joining traffic streams from slip roads.

What all this means is that compared to their younger counterparts, older

drivers take longer to make correct driving decisions, can have difficulty

in accurately and safely judging the speed and distance of other vehicles,
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and have to rely far more on traffic signs and carriageway markings. It is

in these areas that highway design and maintenance standards need to be

re-assessed.

«4. HIGHWAYS DESIGN AND MAINTENANCE

Highway and traffic engineers have a significant role to play in improving

the comfort and safety of older drivers. In particular they need to:

* be aware of the declining physical and mental abilities of the rapidly

rising older-driver population;

* appreciate how these declining abilities affect the driving standards

of older people;

* modify design and maintenance standards to enable older drivers to

more easily cope with the increasingly complex task of driving.

Three specific areas are crucial: junction design, the design and

maintenance of traffic signs, and road markings.

This means that the road environment has to be changed to provide a

better level of service to older drivers. Three areas for improvement are

now examined - junction design, traffic sign design and maintenance, and

road markings.

4.1 Junctions design

The 1988 AA Foundation for Road Safety Research study found that

older drivers did not consider junctions caused them problems:

* only 12 per cent tried to avoid busy junctions;

only 7 per cent felt they were now less quick at making decisions,

such as deciding when to turn out of a junction; and

* 90 per cent rated themselves as good or excellent on reaction time

at junctions.

The older drivers' own views of their ability to cope safely at junctions

conflict with the evidence that involvement in accidents at junctions

increases with age.

There is evidence that because of decreased congnitive capabilities older

drivers have difficulty in judging the speed and distance of approaching

traffic. Factors such as declining peripheral vision and difficulty in

quickly turning the head also contribute to the problems of older drivers at

junctions, particularly in re-starting and safely judging entry into traffic

streams.

While older drivers are not a significant road safety problem at the

moment, their rapidly increasing numbers mean that the proportion of
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accidents involving them as a group is likely to increase, and could

become a significant problem in the future.

For this reason, the importance of the effect of junction design and

junction management on older drivers' performance cannot be

overstressed. The question is - do junction design and junction

management guidelines take account of the lesser abilities of older

drivers? There is growing evidence that they do not.

In the United States it has been suggested that the present accepted

values of perception and braking time used to calculate visibility distances

are inadequate even for the general driver, never mind the older person.

The USA Transportation Board Report 218 states:

"The sight distance and the decision time used in the design may

be too short for drivers who move their head more slowly and who

take longer to decide."

Older drivers with staid driving habits, declining ability and slower

reactions may not be able to negotiate safely the junctions designed and

built to modern standards. In other words, current junction design and

management tends to favour younger drivers who are more able to cope

with limited visibility and fast approaching traffic.

The situation is even worse at older junctions because of sub-standard

visibility, either because of the physical layout or through obstructions to

visibility caused by parked vehicles.

The message for highway and traffic engineers is that junction design and

management must be reviewed to provide a better level of service to

meet the needs of the growing older driver population.

4.2 Road markings

The importance of high quality road markings in today's dense road

network cannot be overstated. Good road markings benefit all drivers -

and they are an essential aid to older drivers, who suffer from

significantly reduced visual faculties but rely more heavily on road

markings, particularly in complex situations.

The AA Foundation for Road Safety Research study of older drivers found

that driving at night is particularly stressful for older drivers. Headlight

glare is difficult to cope with, and they need more positive guidance from

road markings than do their younger counterparts.

The need for good quality road markings has been recognised in the

United States. Research has found that in times of poor visibility, for

example in rain or fog, well maintained road markings that provide visual

clues to a safe lane position are even more important to older drivers than

traffic signs. The USA Transport Research Board Report 218

recommends that road markings should be regularly inspected and be well

maintained. Several American states have implemented a programme of
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improving road markings to provide a much better level of service for

older drivers.

In the UK, however, good quality road markings are not provided for in

the local authorities "Code of Good Practice for Highway Maintenance",

which was published in 1989. The recommendation for road markings

renewal states: '

"Road markings on Category | and II roads and at known accident

sites should be renewed when approximately 30 per cent of the

area becomes ineffective or worn away. Lesser standards can be

adopted on other routes."

This is a "do minimum" standard for all drivers - and one that conflicts

with the growing evidence that good quality road markings are an aid and

comfort to older drivers.

There needs to be much more research into the importance of road

markings, their gradual loss of effectiveness over time and the benefits

that additional investment in maintenance of road markings will bring in

accident savings and comfort to older drivers. In this area research and

experimental schemes in the USA may provide a model for other countries

to follow.

4.3 Traffic

On approaching a traffic sign a driver must be able to detect its presence,

understand its message, decide what to do, and finally respond to that

decision. For older drivers the process requires considerably more time

than their younger counterparts need.

In America it has been shown that traffic-sign legibility standards assume

a level of visual ability that many older drivers do not have. Research

points out that the standards used in the USA for traffic-sign design are

not appropriate to older drivers. It also suggests that the size of the

letter used in signs needs to be increased, and that repeat and multiple

signing principles should be adopted to reduce the amount of information

on individual signs. There is also evidence from the USA that older

drivers are more easily able to understand sign messages made up of

symbols.

But in the UK and probably many other countries the significantly lesser

abilities of older drivers are not recognised in traffic-sign design or in

codes of good practice for the maintenance of signs. Current standards

may not even meet the requirements of younger drivers.

While there have been some improvements in sign design in recent years,

design rules still allow signs to carry too much information using a legend

that is too small for older drivers to easily see and understand. This is an

area that requires examination by traffic sign designers and by the sign

manufacturing industry. Work being done in the USA may offer valuable

insights on how to proceed.
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The design of signs is not, however, the only issue that needs addressing:

sign siting and sign maintenance are vital elements of a good traffic

signing regime. Traffic signs need to be sited where they can be seen

and be understood, and where they will not become obscured by foliage

or street furniture. The sign surface should be clean, and the reflective

material effective at night. '

Good traffic signing benefits all drivers, but for older drivers it is an

essential feature of the road, requiring good design and proper

maintenance. Design and maintenance standards need to be reviewed to

ensure that all traffic signs can be seen and can be understood by all road

Users.

o. CONCLUSION

As people grow older their dependence on a car increases. This is

particularly the case when the ageing process makes walking or use of

conventional public transport difficult or impossible. Many people will

continue to drive well into old age, and over the next thirty years many

more older drivers will be of very advanced years.

Most older drivers in the future will have held a driving licence for most of

their adult life. They will therefore be less likely to impose the

restrictions on themselves that many of today's generation of older

drivers do. In the future more older drivers will drive at night, and at

peak traffic periods. They will travel more as they take advantage of a

greater disposable income, and as they continue to enjoy the freedom

that owning a car gives them through mobility.

The road environment must be adapted and improved, and be better

managed to provide a higher level of service and safety for the growing

number of older drivers. And if this is to be achieved, work needs to

start now on reviewing highway design, traffic management and road

maintenance standards so that they take account of the particular needs

and lesser abilities of older drivers.

In the final analysis it must also be remembered that improved standards

aimed at older drivers will benefit all road users.

PP/HTM/EC

August 1992

/R-Berlin
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The chance of being involved in a serious traffic accident increases with

age. This increasing risk is may be caused by the braodly documented

functional decline of older people, which is especially manifested in (com-

plex) dual-task situations. Since traffic participation also requires the

performance of relatively complex tasks with many dual-task characteristics

(e.g., car driving), the present study was aimed at gaining more insight in

the underlying mechanisms causing problems of the older in dual-task

situations.

Age effects in single- and dual-tasks may be affected by the degree of

automaticity in task performance (Hasher and Sacks, 1979) and whether or

not skills of older subjects are developed before old age (Fisk, McGee and

Giambra, 1988). Effects of these task variables were addressed in an

experiment, based on a steering task (automatic and developped before old

age) and on two conditions (developped before or after old age of the

older subjects) of a car following task (controlled) that was performed in a

fixed-base driving simulator.

The single-task results indicated that a negative age effect only appeared in

the car following task performed in the condition that was only trained after

old age. When the dual-task consisted of an automatic and a controlled

subtask, a negative age effect was shown when the relevant controlled skill

was learned after senescence (the age-effect was then found in the auto-

matic subtask). In conclusion: age-effects appeared when subjects could not

use skills that were extensively trained before old age. Dual-task effects

were basically manifested in the controlled (non-automatic) task.

On the basis of these results, it is concluded that the problems older drivers

encounter are not caused by the invariant components of the driving task

which usually are learned long before old age. These problems may merely

be created by variations in the driving task, such as removal to another city,

changing regulations, changing layouts of intersections, or the purchase of a

new car.
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EFFECTS OF AGING AND THE DEVELOPMENT OF

AUTOMATIC AND CONTROLLED SKILLS IN CAR

DRIVING

J.E. Korteling

TNO Institute for Perception

Soesterberg, The Netherlands

1. INTRODUCTION

A substantial body of experimental documentation shows that older adults

have difficulties in dual-task performance (e.g., Broadbent and Gregory,

1965; Caird, 1966; Inglis and Ankus, 1965; Inglis and Caird, 1963; Korte-

ling, 1991, 1993; McDowd, 1986; Ponds, Brouwer, and Van Wolffelaar,

1988; Salthouse, Rogan and Prill, 1984; Talland, 1962). However, in order

to take measures aimed at the design of a better adapted and supportive

environment, more specific knowledge is needed concerning the task

characteristics that may determine the magnitude this age effect.

Recently, it has been suggested that task characteristics emerging from the

relationship between subtasks may have considerable impact on the magnitu-

de of age differences in dual-task performance (Korteling, 1991, 1993). This

decreasing ability of the older to handle the relationships between tasks,

may relate to deteriorations in attention switching, prioritizing subtasks,

and combining related actions.

The resulting effects of task variables emerging from subtask-relationships

on time-sharing efficiency may act as a two-edged sword, which can some-

times enhance the efficiency of dual-task performance and sometimes

degrade it (e.g., Duncan, 1979; Klapp, 1979; Wickens, 1992). With respect

to aging, Korteling (1991), found that in a simple dual compensatory

tracking task, young subjects did not outperform the older subjects, except

when the pointers of two tracking tasks made synchronous movements.

Apparently, synchronization of constituent tasks enabled only the young to

integrate, or combine, these separated activities. This has been termed skil!

integration or performance integration. It was concluded that older subjects

may be less able to perform coherent dual-tasks efficiently, which may be

caused by limitations in the integrated uptake and processing of informati-

on from multiple sources, and/or limitations in combining related actions.

Similarity may also degrade time-sharing efficiency. When similarity only

involves concrete and superficial elements of the dual-task in terms of space,

colour, or form, while stimulus-response mapping between subtasks is

incompatible or unrelated (representational similarity), confusion or cross-

talk may result. In that case, it will be more difficult to keep the tasks sepa-

rate. Subjects may then unintentionally combine the subtasks, such that the

constituent tasks will become more susceptible for mutual disruption (e.g.,

Navon and Miller, 1987). With respect to aging, Korteling (1993) found
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that in dual-axis tracking, age-effects in terms of tracking error and cross-

talk, were increased by similarity-based confusions, i.e., incompatibility

between stimulus and response integration and representational similarity.

Age-related differences may also be affected by the amount of attentional

capacity required by the task. In this respect, two different modes of infor-.

mation processing are discerned (Hasher and Zacks, 1979; Logan, 1978;

Schneider and Shiffrin, 1977), which mostly are referred to as automatic

and controlled processing (Schneider and Shiffrin, 1977). Automatic pro-

cessing is fast, parallel, effortless, and not under direct subject control. It

usually is regarded as an important contributor to well-developed skilled

behaviour, but it only develops when tasks are characterized by an invariant

relationship between stimuli and responses (consistent mapping). In

contrast, controlled processing is generally regarded as slow, serial,

effortful, capacity limited, subject regulated and needed in situations where

responses required to stimuli are inconsistent (varied mapping). As

opposed to automatic responses, controlled responses are easily modified,

suppressed, or ignored.

Complex tasks may consist of a combination of automatic and controlled

components. Hasher and Sacks (1979) postulated that in controlled tasks

age-effects are large, whereas in tasks that permit automatic processing,

differences between young and older subjects tend to disappear. However,

Fisk, McGee and Giambra (1988) demonstrated that after old age, the

degree with which older subjects can acquire new automatic processes (in

visual search) declines. They suggested that only previously developed auto-

matic processing, may remain effective on old age. In addition, Fisk and

Rogers (1991) mention data in the areas of Stroop interference, lexical

access, and implicit memory that are compatible with age-independency in

long-practised, previously developed processes as opposed to the develop-

ment of new automatic processes in later adult life.

Therefore an important question is whether problems of older people are

also manifested in (multiple-) tasks, which were already practised before

old age for a long time in daily life. These kinds of (everyday) tasks usually

are characterized by an invariant relationship between stimuli and respons-

es, and thus will be performed in an automatic mode. For example, in

steering a car, the relationship between lane position/heading and required

steering actions on normal roads is consistent. This task is also frequently

performed by many people during a large part of their life. Moreover, in

steering, the "steering action rate" during normal driving is high, i.e., about

30 times per minute. Therefore, for experienced drivers this low-level

component of driving may be supposed to require minimal attention.

With regard to dual-tasks, it may be supposed that a controlled task com-

bined with an automatic task will produce smaller interference effects, than

the simultaneous performance of two controlled tasks. Indeed, Schneider

and Fisk (1982) showed that dual-tasks sometimes even can be performed

without noticeable deficit when one of the tasks is automatic. In their study,

the controlled task was most sensitive to deterioration. This is in accor-
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dance with the results of some more practical studies, indicating that basic

and automatized driving or bicycling skills are relatively insensitive to more

controlled skills, such as telephoning and perception and decision-making

tasks, as long as there is no motor interference. (e.g., Brown, Tickner, and

Simmonds, 1969; Brookhuis, de Vries and de Waard, 1989; Wierda and

Brookhuis, 1991). _
On the basis of this brief review, we may expect that effects of age in
single- and in dual-task performance will depend of the degree to which a
task involves automatic vs controlled processing and whether or not it
involves previously well-trained processes (a factor which may be called
"Novelty"). For example, we do not expect substantial age differences in
well-practised tasks requiring automatic processing, when the tasks are
extensively practised before reaching old age (e.g., Fisk and Rogers, 1991).
However, a question that still remains is whether or not we may expect age
differences in a well-developed, previously learned, task that still has to be
performed in a controlled mode.

In order to be able to evaluate the behavioral age-effects in practical
multiple-tasks such as car driving, consisting of a combination of automated
and controlled processes and novel and previously learned related subtasks,
the present experiment addressed two topics.
1) The effects of an emergent dual-task variable, i.e., whether or not the
difficulty levels of subtasks were alternating in counter-phase, which
involves the ability of attention switching and prioritizing multiple-task
components.
2) Furthermore, the experiment aimed at effects of processing mode and
whether or not well-trained skills were previously developed with respect to
single- and dual-task performance.

2 METHOD

a: 1 Subjects

Two age groups of 12 subjects participated in the experiment, each consist-
ing of 10 males and 2 females. The mean age of the old subjects was 70
(range 65-74, sd 2.9); the mean age of the young was 27 (range 21-34, sd
5.3). The subjects were matched on level of education. Subjects were
controlled for health and had normal or corrected to normal visual acuity.
Age-corrected scores of the subject groups on Digit-Symbol Substitution of
the Dutch version of the Wechsler Adult Intelligence Scale (WAIS), were
not significantly different. Subjects were paid for their participation. All
subjects were experienced drivers (> 10000 km driven over the last 5
years). However, total driving experience for the old subjects was signifi-
cantly higher (mean 75000 km, sd 55000 km) than for the young subjects
(mean 55000 km, sd 36000 km).
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2.2 Apparatus

The experiment was conducted in the driving simulator of the TNO

Institute for Perception. Fig. 1 gives the basic configuration of this fixed-

base driving simulator.

The control system has a modular design with three sub-systems:

- The supervisor computer (COMPAQ 386) with tasks such as communi-

cation with both the experimenter and the other sub-systems, the control

and monitoring of the experiment, data-storage, etc.,

- the vehicle-model computer (IBM 286) for calculating the momentan-

eous position (X-, Y-, and Fl-coordinates) of the simulated vehicle; this

vehicle has the dynamic characteristics of a Volvo 240, and

- the visual scene computer (Megatek 944 CGI-system) that generates

real-time images with a update rate of 30 Hz.

 
  m supervisor
experimenter }~ { data-storage

COMPAQ 386
   

X, Y, FI

  
vehicle-model visual scene

  
IBM 286 MEGATEK 944} 
    
con cmmeme nun ounme cense caemem comum cacmam cous enum cem

 
screen

 
steering wheel
accelerator

brake
  

 

Fig. 1 Basic configuration of the TNO driving simulator.

The subject is seated in a fixed-base mock-up of a Volvo 240 containing all

normal controls (steering-wheel, accelerator, gear-shift, brake, etc.). Based

on the status of these controls, the vehicle-model computes the conse-

quences in terms of speed- and heading changes, in a similar way as a real

vehicle would react to driver's actions. Feedback of steering forces is given

to the driver by means of an electrical torque engine, and of sound by a

electronic sound-generator (noise of engine, wind, and tires). The

momentaneous position (X,Y) and heading-angle (FI) are transmitted via

the supervisor to the visual-scene computer. The CGI-system computes the
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corresponding visual scene as seen from the driver with a resolution of

1024 x 1024 pixels in full colour (24 bit RGB). This image is projected on a

screen in front of the mock-up by means of a high-resolution BARCO-

GRAPHICS 800 projector with a display rate of 60 Hz. The horizontal and

vertical visual angles of the image on the screen were 40°. This resulted in

a resolution of 26 pix/degr.

2.3 Experimental tasks

In the TNO driving simulator, subjects had to perform a steering task,

which was completely automated (when the stimulus-response relation was

varied, subjects could not perform this task) and a more demanding, i.e.,

controlled car-following task. In the dual-task conditions, the steering task

was combined with the car-following task. Fig. 2 shows the basic character-

istics of the image as seen by the driver sitting in the TNO driving simula-

tor.

 

Fig. 2 The outside view seen from the driver's position.

Steering task

In the driving simulator subjects drove 15 m behind a lead car on the right

lane of a straight freeway (lane width: 360 cm). The transmission was

always in the third gear and driving speeds of both cars were fixed at 80
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km/h. The lead car drove exactly on the middle of the lane. Subjects were

requested to keep their vehicle on the middle of their lane as well as

possible, right behind the lead car. Based on a forcing function simulating

windgusts (see section "disturbance inputs"), the course of the vehicle was

varied such that subjects had to make compensatory steering movements in

order to keep their vehicle on the middle of the lane. Performance in the:

steering (sub)task was measured by calculating the standard deviation of

the vehicles lateral position on the road.

Car-following task

In this task, subjects followed a lead car that continuously changed driving

speed. Both cars drove on the middle of the right lane. Subjects were

requested to maintain a distance of 15 m between both cars. Because this

aim is rather ambiguous, subjects were assisted by a dark bar, projected 15

m in front of their car on the road. When the near end of the bar was

between the back wheels of the lead car, the inter-vehicle distance was

exactly 15 m. Again, the speed of the lead car was varied by a forcing

function. Subjects only could use the gas pedal in order to compensate for

the resulting variations in inter-vehicle distance. The transmission was again

in the third gear and the car-following task did not require gear changes.

Mean speed of the lead car was always 80 km/h. Performance in the car-

following (sub)task was rated by calculating the standard deviation of the

inter-vehicle distance.

Disturbance inputs

In the steering and car-following task, respectively, course of the vehicle

and driving speed were varied by the same random band-limited (frequency

< 0.4 Hz) pink noise forcing function. The gains of this function were set

such that, subjectively, both tasks were equally difficult. With respect to

lateral position on the road, this resulted in a sd of 36 cm (range: 94 right -

120 left). With respect to driving speed of the lead car, this resulted in a sd

of 5.5 km/h (range: 62-94). The forcing function consisted of 10000 points

that were computed before the experiment. To allow continuous transgres-

sion when the end was reached, the beginning and the end of the forcing

function were adjusted. For each experimental trial, the starting points

within the forcing function were chosen randomly.

2.4 Independent variables

Both tasks were carried out under single- and under dual-task conditions.

This resulted in two single tasks (as described above) and one dual-task

(steering combined with car-following).

In order to evaluate effects of the degree to which a task is practised

before or after old age (and to be sure that car-following could be regarded

as a controlled task), the car-following task was performed under two

conditions of Novelty. In the normal condition, the gas pedal functioned as
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usual: pushing resulted in acceleration and releasing resulted in decelera-

tion. In the other condition, the output signal of the gas pedal was inverted,

such that pushing this pedal resulted in slower driving, whereas releasing

resulted in acceleration. Hence, in this latter condition, the stimulus-

response relationship corresponded to that of a brake pedal. The relation-

ship between pedal displacement and resulting deceleration, however, still

corresponded to pedal displacement and resulting acceleration of the

normal gas pedal. This inverted condition was considered less familiar to

the subjects, while the complexity (not the difficulty) of the task was

supposed to be identical to car-following with normal gas pedal functioning.

There was no condition with inverted steering wheel functioning. When, in

pilot studies, the steering wheel output was inverted, many subjects could

not perform the task. They often drove into the field and sometimes could

even not find their way back to the road, which makes the task qualitatively

different. Apparently, subjects could not suppress and modify priory learned

reactions in this task. This was not the case for inversion of gas pedal

functioning in the car-following task. The young subjects, for example,

showed an equal task performance in both conditions of Novelty. Based on

these data, the steering task was considered as an automated task, whereas

the car-following task was regarded a controlled task.

In order to test the hypothesis that older subjects perform relatively poor in

tasks containing emergent dual-task characteristics, all single- and dual-task

configurations were performed in two conditions. In one condition, difficul-

ty of the subtasks was held constant and in the other condition, difficulty

alternated by changing the gain of the disturbance signal between two

values, ten times each trial. In these latter task conditions, this Difficulty

Alternation was such that it alternated between subtasks in counter-phase;

that is, when one subtask became more easy, the other simultaneously

became more difficult. It was assumed that old and young subjects would

differ in the degree to which they are able to perform the subtask in

combination and thus to switch attention and to distribute it in proportion

to the changing difficulty levels of the subtasks (prioritizing).

The two fixed levels between which subtask difficulty alternated were based

on a multiplication of the subtask-gains with 0.6 (easy) or with 1.4 (diffi-

cult). With respect to lateral position on the road, this resulted in a sd of

22 cm (range: 56 right - 72 left), and of 51 cm (range: 150 right -168 left) in

the easy and difficult intervals, respectively. With respect to driving speed

of the lead car, this resulted in a sd of 3.3 km/h (range: 69-89) or of 8.8

km/h (range 51-103) in the easy and difficult intervals, respectively. In pilot

studies, it appeared that effects of Difficulty Alternation were linear within

the range (0.6-1.4) in which difficulty was varied. Hence, within this range,

no saturation effects were expected.
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The design is presented in Table I

Table I A representation of the experimental design. In the

dual-task conditions, the steering task was combined with one

of the two Novelty conditions of the car-following task.

 
difficulty no difficulty

alternation alternation
 
single dual single dual
 
steering automatic, devel.

 

 

task before old age

controlled, devel.

car before old age
following

task controlled, devel.

 after old age
       

As can be seen in this table, automaticity and Novelty (before vs after old

age) were not completely factorially combined. This is caused by the fact

that a practical task was required to investigate effects of automaticity

developed before old age and that this factor usually will be confounded

with the degree of automaticity. Furthermore, if the steering task was

inverted like the car-following task, the steering task would be variably

mapped such that it would become a controlled task.

2.5 Data collection

Error was sampled and stored for analysis with 30 Hz. Each trial, this was

measured in 10 intervals in which the gain of the disturbance signal was

constant. These ten periods were connected by 10 "transition periods". In

the experimental conditions, a trial was preceded by a warming-up period.

Only in the conditions with alternating task difficulty, the transition periods

were actually used in order to vary the gain of the disturbance signal. In

the warming-up period and in the transition periods, no data were collect-

ed. The 10 measurement intervals in the experimental trials took 18 s each.

2.6 Procedure

Subjects participated during a one-day session. Each day two subjects were

tested such that one subject relaxed while the other performed one block of

single- or dual-task trials. Subjects were seated in the simulator room. The

experimenter was situated in an adjacent room from where he could

communicate with the subjects via an intercom.
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Practice blocks. ~

The practice blocks started with a short introduction about the nature of

the experiment. Subjects were instructed to devote always the same amount

of total effort to performance regardless of the number of subtasks re-

quired. On dual-task trials, subjects were instructed to keep performance

on both subtasks as equal as possible. After the general instructions, the

subjects practised in two single-task blocks and two dual-task blocks.

During practice, a dual-task block was always preceded by a single-task

block. In order to control for sequencing effects, however, the order of

conditions within blocks was counterbalanced between groups. In a single-

task practice block, each single-task condition was performed once. Hence,

a single-task practice block was comprised of six trials, that is steering in

two conditions of Difficulty Alternation and car-following in four condi-

tions, created by the factorial combination of Novelty with Difficulty

Alternation.

Like single-task practice, for each dual-task condition one trial per block

was done. This resulted in four trials per block, that is: two conditions of

Novelty x two conditions of Difficulty Alternation.

Since transition periods lasted 3 s and "measurement intervals" lasted 9 s, a

practice trial took 120 s (10 x 3 + 10 x 9). Trials were interrupted by a 20 s

rest period.

Experimental blocks.

The experimental blocks differed in three respects from the practice blocks:

1) also the sequence of single- and dual-tasks was counterbalanced, 2) each

trial started with a warming-up period of 15 s 3) the measurement inter-

vals lasted 18 s instead of 9 s. Therefore all trials lasted 225 s (15 + 10 x 3

+ 10 x 18). For the rest, everything was equal, i.e., four experimental

blocks (two dual-task blocks and two single-task blocks), six trials per

single-task block and four trials per dual-task block. Again, all trials were

interrupted by a 20 s rest period, except in the middle of a block, when a

pause of one minute was given.

aa7 Data Analysis

Data were analyzed with ANOVAS in which subjects were nested under

the two age groups. In order to control for effects of age differences

already present under single-task conditions, for each dual-task condition,

only data associated with pure dual-task performance had to be taken into

consideration. Therefore, dual-task performance was expressed as the

difference between the measured dual- and single-task standard deviations

divided by the single-task standard deviations, i.e., under the comparable

conditions (e.g., McDowd, 1986). In this manner, eventual age-related

differences in dual-task performance could not be confounded by initial

differences in steering and speed control abilities.
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3 RESULTS

3.1 Single-tasks

Steering task

Single-task steering performance was analyzed in a 2 (Age) x 2 (Difficulty

Alternation) ANOVA. The standard deviation of lateral position was 23 cm

for the young subjects and 21 cm for their older counterparts. This

difference was not significant. Older subjects use to perform poorer in

laboratory tracking tasks that are not extensively practised before old age

(e.g. Korteling, 1991). Therefore, this result corroborates the idea that in

skilled automated tasks, which are extensively practised before old age,

age-related performance differences tend to disappear (Fisk et al., 1988;

Fisk and Rogers, 1991).

There was no main effect of Difficulty Alternation, nor was there an Age x

Difficulty Alternation interaction. This shows that for both age groups,

effects of this variable on task performance were linear within the range

(0.6-1.4) with which difficulty was varied. In order to prevent saturation

effects, in pilot experiments, the degree of difficulty alternation was set

such that the relation between disturbance gain and steering performance

would become linear.

Car-following task

Single-task car-following performance was analyzed in a 2 (Age) x 2

(Novelty) x 2 (Difficulty Alternation) ANOVA. As can be seen in Fig. 3,

with respect to this task, the older subjects performed poorer than the

young subjects, F(1,22) = 16.3, p < .001. There was also a significant effect

of Novelty, F(1,22) = 27.6, p < .0005, which interacted with age, F(1,22) =

12.3, p < .005). A separate analysis with respect to this interaction showed

that the difference between old and young subjects was not significant in

the normal condition. Hence, the age effect can be explained almost com-

pletely by the poor performance of the older subjects in the condition with

inverted gas pedal functioning. This demonstrates an age-effect only when

the task is novel. Because car-following is a controlled task, the notion of

age-independence in familiar tasks not only involves automated processes

(Fisk et al., 1988), but also controlled processes.

Again, there was no main effect of Difficulty Alternation, nor was there an

Age x Difficulty Alternation interaction. Therefore, for both age groups,

effects of this variable on task performance were linear within the range

(0.6-1.4) in which difficulty was varied.
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Fig. 3 Single-task car-following performance of both age

groups, as affected by Gas Control Novelty.

3.2 Dual task

Steering performance

Since dual-task performance was expressed as the degree of performance

variation relative to single-task performance under the same conditions,

these relative performance data were termed dual-task costs. For steering

performance, these dual-task costs were analyzed in a 2 (Age) x 2 (Novelty)

x 2 (Difficulty Alternation) ANOVA. In this analysis, Novelty referred to

whether or not the steering task was combined with the normal car-follow-

ing task, with which all subjects were familiar, vs the unusual car-following

task, which was never practised before the experiment.

This analysis did not show a significant effect of Age (p < 0.20) or of

Difficulty Alternation. However, there was a significant effect of Novelty,

F(1,22) = 7.8, p < 0.05, which interacted with Age, F(1,22) = 7.8, p <

0.05. Figure 4 shows that the older subjects only were more hampered by

the extra car-following task when this task was not practised before old age.

Therefore, the data substantiate the hypothesis that also in a dual-task, task

performance becomes poorer when at least one of the subtasks is not

extensively trained before old age.
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Fig. 4 Dual-task costs on steering performance of both age

groups, as affected by Gas Control Novelty.

Car-following performance
With respect to car-following performance, dual-task costs were analyzed in

a 2 (Age) x 2 (Novelty) x 2 (Difficulty Alternation) ANOVA. This analysis

provided no main or interaction effects. Although, both age groups were

clearly hampered by the dual-task requirements related to their single-task

performances (24 % performance deterioration), these effects were equal

and unaffected by Novelty and Difficulty Alternation. Together with the

steering performance data, these results clearly confirm the findings of

Schneider and Fisk (1982), indicating that controlled processes are more

easily disrupted by simultaneous automated processes than vice versa.

Furthermore, the clear negative effects of an automated task on a con-

trolled task is not affected by age, nor by whether or not the latter task is

developed before or after old age.

3.3 Training or fatigue effects

In pilot studies, it was determined how much practice was required in order

to reach a stable task performance for both age groups. This amount of

training also was given in the present experiment. In order to check if this

amount indeed had been enough, ANOVA's were carried out in which

Block Number was incorporated as a variable.
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Analyses on these sequential effects showed only a "fatigue" effect in

steering performance with alternation task difficulty and a small training

effect in the unfamiliar car-following task. Both sequential effects were

limited to single-task performance and were equal for both age groups.

4 DISCUSSION

Hasher and Sacks (1979) have argued for age independence in tasks

requiring automatic processing. In contrast, Fisk et al. (1988) have found

that with increasing age, the likelihood that extended practice will lead to

automatic processing, is reduced. According to Fisk et al. (1988) and Fisk

and Rogers (1991), the apparent difference between these findings can be

reconciled by making a distinction between the development of automatic

processing on the one, and its use on the other hand. Automatic processing

developed prior to old age, may remain effective when old age is reached.

With reference to this topic, the single-task results show that age-decre-

ments disappear when well learned controlled as well as automatic skills

were developed before old age. That is, for steering and car-following with

normal gas control, both previously developed, age-effects were absent,

whereas car-following with inverted gas pedal functioning produced a

substantial age effect. With respect to controlled processes developed after

old age, the single-task data showed that reversal of the gas pedal did not

affect task performance of the young (equal task complexity), whereas the

older subjects clearly were hampered by this manipulation. Apparently, the

fact that a skill is developed and used in the same period does not bother

at all when subjects are young, whereas in old age, it makes a lot of a

difference. This finding means that previously developed automatic process-

es, but also well-trained controlled processes do not diminish with age.

Hence, the data suggest that with regard to age differences, period of skill

development is more crucial than processing mode.

In the dual-task conditions, steering performance of the older subjects only

was deteriorated, if in the extra controlled car-following task, gas pedal

functioning was inverted. Hence, for older adults, automated processes may

be disrupted by a controlled task, but only when this controlled task was

exclusively practised in old age. Therefore, the data support the hypothesis

that for older subjects, dual-task performance may become poorer when at

least one of the subtasks is not well-trained before old age. These results

substantiate earlier findings, which also seem to contradict the notion of

age independence in automated processing. Moore, Richards, and Hood

(1984), for example, found a significant deterioration with age in a "memo-

ry for location" test, which is regarded to be based on characteristics that

are encoded automatically.

With respect to car-following, both age groups were clearly and equally

hampered by the dual-task requirements (24 % performance deterioration
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relative to single-task performance). This effect was unaffected by Novelty

and Difficulty Alternation. Together with the steering performance data,

these results confirm the findings of Schneider and Fisk (1982) with student

subjects, indicating that controlled processes are more easily disrupted by

simultaneous automated processes than vice versa. Now it can be concluded

that the tendency to waste controlled resources on automatic processing.

tasks seems not to be different for non-students or for older subjects. Fur-

thermore, the negative effects of an automated task on a controlled task is

not affected by age, nor by whether or not the latter task is developed

before or after old age. Negative effects of age only seem to be limited to

the smaller effects in the automated task performed in combination with a

novel controlled task.

It has been demonstrated that age differences are increased by task

variables that emerge from the relationship between subtasks (Korteling,

1991, 1993). This may be related to age decrements in attention switching,

prioritizing information from multiple sources, and combining related ac-

tions. In this connection, the present experiment aimed at effects deter-

mined by whether or not the difficulty levels of subtasks were alternating in

counter-phase. It was expected that old and young subjects would differ in

the degree to which they are capable to sequentially distribute attention in

proportion to the relative difficulty of the subtasks. Unexpectedly, however,

this variable did not affect task performance at all. Also in single-task

performance, the sequential change of difficulty levels did not affect task-

performance. Apparently, both subject groups were equally well able to

switch and distribute attention according to the relative subtask demands.

An intriguing outcome of the present experiment is the differential effect

on age-related performance differences of Novelty, e.., whether or not

skills have been previously developed; an effect that also dominated over

the supposed differential effects of processing mode (Hasher and Sacks,

1979). Most laboratory experiments on aging research are based on new

tasks, which means that the relevant skills must be learned and used in the

same period. However, most skills required in jobs and in private activities

are developed in earlier periods of adulthood. Therefore, the majority of

prevailing laboratory results should not be generalized too easily to practi-

cal situations. Nevertheless, in dual-task performance, age effects were

solely found in the automated task when combined with the controlled task

that was trained after old age.

What may be concluded with respect to a complex everyday task, such as

car driving, consisting of numerous subtasks and involving consistent and

inconsistent relationships among stimuli? The skills involved in car driving

range from elementary low-level ("control"), to medium-level ("manoeu-

vre"), to complex high-level ("strategical") skills (e.g., Michon, 1971). From

low-level to high-level subtasks, the degree of automaticity and task priority

may be supposed to decrease (Korteling, 1988). The present conclusions

are based on a simulator experiment with steering as a control skill, and
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car-following as a manoeuvre skill. With respect to car driving, we may

conclude: 1) that age-effects are absent in single automated control tasks,

2) that negative age-effects in manoeuvre tasks increase when the task

becomes unfamiliar, 3) that in situations requiring simultaneous actions,

people tend to give priority to control subtasks over manoeuvre subtasks,

and 4) that nevertheless in these situations, older people cannot maintain

optimal control performance when the manoeuvre task is unfamiliar.

In the study of Schneider and Fisk (1982), subjects were capable of doing

the dual-task without noticeable deficit when they were encouraged to

place all emphasis on the controlled task. Therefore, they conjectured the

tendency of giving priority to automatic subtasks to be a waste of resources.

Since in vehicle control, the execution of a low-level subtask is regarded an

essential border condition for the execution of higher-level subtasks

(Korteling, 1988), one should be cautious to draw these kinds of conclu-

sions with regard to tasks like car driving. The present results suggest that

the problems older drivers encounter (e.g., Brainin, 1980; Planek and

Fowler, 1971), may not be caused by the invariant components of the

driving task, which usually are well-learned long before old age. These

problems may merely occur in novel situations, such as removal to another

city, changing regulations, changing layouts of intersections, or the purchase

of a new car.
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PERSONAL FACTORS OF DRIVERS SELF-CRITICISN

/ abstract /

The explosive intensification of traffic in each country leads

to increas of persbnality role of road users.lt seems to be clear,

that the most important factors of safe strategy of driving are:

and tolerance toward other road users.

These factors are directly tied with self-criticism of drivers.

Thus, the level of self-criticism is an important factor of traffi

safety . ,

The main aim of this paper is to compare the level of self-criti-

cism in Polish drivers and the drivers in other countries.

In the study of E. Bakalar on drivers

drivers had been answering 3 questions about theirs skills in dri-

ving,their bad and good points.The difference between the groups

of very drivers /A/ and the bad ones /B/ were not significant.

Comparing research results on self-criticism in several coun-

tries /BRD,Austria and USA/, D.Klebelsberg has found in drivers

strong tendency to join the group of best quality.Only 1% of res-

pondents belong to average quality drivers group. Nomen,small car

drivers and American drivers were more realistic,they joined ave-

rage quality drivers group.

The research done in Poland conducted by Transport Psychology

Unit of Jagiellonian University took under study the group of

448 drivers /74 female and 374 male/.The questions were tied with

a level of self-criticism and with frequency of drivers errors.

Polish drivers evaluated themselves more critically than their

foreign collagues. Most of them joined groups with a good and

average ability of driving,but women joined mainly the last group.

If one compares the level of self-criticism with another data

such as: age, level of education,number of kilometers driven per

year, and period of drivers practice,one can find that these fac-

tors play a serious role in creating drivers self-criticism.

Especially ,time of drivers practice and number of kilometers

driven per year influenced strongly the number of drivers> errors.

Similarly, as in other research in that branch, only 1 person

[/a woman/ has declared joining bad quality of driving group.
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It is very difficult to meet the psychologis?s,who

could ignore the role of personality in car dyiv1nga

Or the beginning, they thought,that psy chophysiclogical

factors play important role in traffic safety , These fac-

tors were satisfied only in not intensive traffic and

rather not so hi'gh the speed of vehicles.As a result

of* transport development - the number of vehicles on.

a roads grew and grew.Their drivers had to join to the

system of road interactions.In the early period of mo-

torization, & car wes tied mainly with a sport area.lt

meant & competition and high level of motivatior in ari-

ving. Later,car was used for another goalsrprivat and pro-

created new,more complicated types of moti-

vation and influenced the style and the technics of dri-

ving. Increasing of the number of vehicles and organiza-

tion of special infrastructure for motorization made more

serious system of interaction between road users.

In adaptation to traffic, central poirt was moved in
area of personality.Psychologists took notice of that

fact. The selection of cendidates for cdriver s profession

had been supported by personality
197&8/. Psychologists began to observe these factors,which
though not tested,finfluenced the dpivers behaviour in
traffic /for. ex. morality - Bakalar 1990/.

We cannot forget,that possibility of control of road
users is rather limite.Most of them have a freedom of
behaviour, and they could cause somebody trouble and to
go self-discipline and self criti-
cism began to play basic role in: traffic safety.
factory create not only driving strategy but general
driver s behaviour, too /for ex. drinking and driving
problem/.

We could find the problem of self evaluation in many
psychological research.For example we found several que-
stions about self-evaluation in general questionnaire
for drivers,prepared by psychologists of Road and NMuni-
cipal Transport in Prague /Bakalar 1991/.1Ig the sample
102 drivers of buses and lorries,E,. Bekalar found two
groups. To the "A" group belong the drivers with very
good opinion of their bosses /53 subjects/.To the "B"
group belong drivers very negative /49 objects/.Hasic
criteria of evaluation there were: number of years of
dylver s practice,the discipline,offences in the traf-
fic and caused drivers answered follo-
wing questions:"What do you thirk about your drivers
Skill and driver s ability? , "Tell something atout your
drive? 5 weakness", "What are your driver s good points?"
The six-point scale was used./Drivers could prefer fo-
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llowing ranks: wonderful/1/,very well/2{,well/3/,rather

well/4/,average/5/,very badly /6/.Bakalarasalculated evera-

ge ranks for both groups.It shows table No.1.

 

Table No.1 . . f
Average self-evaluation of drivers /in points,

group mean

"A" Positive 2,28

"B" Negative 2 , 85.

 

No statistical difference between groups "A" and "BR".
Drivers from both groups evaluated their professional
ability very sirilariy.They precised their general rank,
as betterthan good.

supposed that drivers of "B"group were more
realistic,however drivers of "A"group - the best group
evalueted themselves more severe and made their ranks -
lower.It caused probably by and reserve of
drivers. s

As mentioned EHakelar - basic hypothesis said that "A"
group of drivers could characterize themselves by bigger
number of words than drivers of "B" group.It was not true
because both groups of drivers used for that goals sint-
lar number of words. It shows table No. 2.

 

Table No.2
Humber of words used for self-characteristic

Kind of opinion/Groups: "A" group "B"group

Abilities 3,16 2? ,7O

__Weaknesses___________________1126_________2433____

22:05____

Intergroups differences 1,20 O , 35
 

Author supposed that both indexes are near reality.
Differences between groups are minimal because best dri-
vers seid about.: duality but less about defects.Onx
the other hand,bad drivers pointed their defects and
reduced quality.

I think,that only statistical analysis of positive
and negative attributes is too rough way of interpreta-
tion of results of drivers is clear,
that only quality-analysis could sHow important differe-
nces.

Klebelsberg reports about serious investigations in
self evaluation of style of driving /Klebelsberg 1989/.
The research was done by the Institute of Social Psycho-
logy/GETAS/ in KBHln /1974 year/.Klebelsberg shows the spe-
cial relation between the personality ard the environment,
which exist in traffic,too.It gives a special trend,which
consists in difference between an opinion about own possi-
bility of driving and an opinion about possibility of
cther drivers.If the driver gives positive rank another
road users, his self-evaluetion come up,but in case of ne-

hen~~ [j«&
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gative opinion about others, his self-opinion come down..

For example, 96% of respondents evaluate their style of dri-

ving as very relisble,8 % - as correct,85% - as cautious,

78% - as very careful.Only 1,5% /!!!/ of respondents recogni-

ze their uncareful driving.It is interesting,that female dri-

vers evaluate themselves more severe,than male drivers.

Very interesting protblem,too, we can observe in the group

of drivers of vehicles in that some class.It is visible clear

trend to increasing of self-evaluation level ard to discrea-

sing the level of evaluation of others.The phenomena of "self-

perfection" in relation to other drivers,we can observe espe-

cially in group of 35 years old drivers.The signs of"self-pe-

rfection" are visible in traffic very oftens There are a spe-

cial decorations and gadgets as: halogen lamps,melody acoustic

horns et?» &

From Klebelsberg s books I brought the data from another

sources.It shows table No.3 with S-points scale of self-evalu-

ation.

Table No.3 &

Comparais:. of drivers self-eveluation in several

resesrch in Europe and U.S./Kiebelsberg 1989)

Group of drivers Index of evaluation

1 2 3 4 a

exel. v.good good satif.uursatf.

 

627 Austrian car drivers:

27? of cars/eng to 15006/ 23,5 49,3 26,8 C,4 0 , 0

265 of cars/eng.fr.15G0/ 30,2 54,0 15,4 0,4 0,0

216 dri-s in age to 3§5y. 19,0 51,9 28,2 0,9 0 , 0

316 dri-s in age 36-55y 26,0 54,0 20,0 0,0 0,0

118 dari-s in age fr.55y 38,0 11,7 28,2 0,9 0 , 0

557 dri-s male 28,2 52,4 19,2 0,2 0,0

__105_

___J8Austrian_car_dri-s____5,9__532,3___38,6___1123____0.0___

'3633 American clder dri-s 39,7 56,4 «_- 0,8 «-.

 

Klebelsberg/1989/ pointed very dangerous fact for traffic

sefety.Only 1% of all drivers own weak possibility of car

driving. The others - 99%/'!!!/ evaluated themselves as goo

and very good driversl The experiences of traffic manage-

ment ange traffic control /police/ are quite another.In

classe 1 - 3 of Austrian an American drivers, we can ob-

serve several groups of drivers - more critical /table No3/

Young drivers,owners of small cars,female-drivers and Ame-

rican older drivers belong rather to middle quality group.

How evaluate Polish drivers themselves? In the frame co-

mplex investigetion ,which had bsen realized in Transport

Psychology Unit of the Jagiellonian University in Cracow,

special questionnaire had been prepered.It had been sent to
to 448 Polish drivers and they answered also question with
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problem of self-eyaluation.Table No.4 shows the specifie

cation of drivers answers for question:"What do you

think,are you & good driver in comparaiso to others?".

Table No.4 | ,

Specificatiq@ of answers for quest.about driv.quality

Respondents N Kind of answers:

V.good good average weak v.weak

 
Female N= '[4 3 29 3{ 7 | -

Male- N= 373 19 186

-

162 6 -

..................219----§212--§21§-_--_-11§--_-:-__-
-

Total = 448

-

22 209 200 17

% 4,9 46,6 44,6 3,7 1

 

You can see,that Polish drivers opinion about own po-

ssibility of driving is quite different than opinions

of their Europian collagues.In the group with the hig-

hest level of skill, we can find only about 5% of res-

pondents! Most of Polish drivers,in their opinion, join

to groups with good and average level of ability.

This is very significant,that the level of self-cri-

ticism in the group female @rivem is higher than ix

the group of male drivers.One half of women belong to

average drivers group.No drivers in very weak group.

On the scale with the points "1" - very good and "5

- very bad,averags rank for women is lower /2,76/ than

for men /2,42/.

Now, we can present several relation between the le-

vel of self-criticism and other attributes of Polish

arivers.For example, the means of ages in different

group are rather similar.It show table No. §.

Table NO @ 53

Mean of age in different group of drivers

Level of self-criticism

v.good good average weak v.weak

Nean of age 39,0 36,2 34,5 31 + T -
 

 
In the branch of drivers" education , the dirrerences

are w very small. It shows table Ne. 6.

Table No. 6 &

The level of education in relation to drivers. self-crit.

 

Type of education meen of self-criticism lev.

Uncomplet primary 2 , 00

primary 2 , 48

Uncomplet secondary 2 , 50

secondary 2,50

Uncouxplet high 2 , O00

..........
Nean 2 , 42
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Respondents with uncomplete education evaluate Phemsel-

ves better thar others.The average nf number of kilometers

were driven in year is about 30.000 - anq does not play &a

special role in creating the drivers opin19p.0n1y in case

weak ranks,we can observe small number of kilometers/7.500/.

The relation betweer number of years of drivers practice

and the level of self-criticism shows table No.7.

Table No.7 & . ,
Relation between drivers ranks and their practice

Kind of rank 1 2 3 4. 5

v.good good average weak v.weak
 
Number of years 16,7 13,85 10,7 3, 65. -

 
Now, we can see the clear influence of number of yearsOOf
driving practice to level of self-criticism.Long practice
connected with better self-evaluation of drivers.

Very important question for selfecariticism level there
was: "How often and in which degree you make errors in com-
paraison with other drivers?". The index of answers contains
following posgibilities: very often/1/,often/2/,sometimes/3/,
seldom/4/,very seldom/5/.Specification of answers shows
Table No. 8.

Table No.8 &
Frequercy of errors in aspect of drivers sex

 

Frequency of 1 2 3 4 2
errors N v.ofter often sometimes seldom v.seldon

Female N= 74 1 2 42 1&6 11

_________1,3____2,71______56,001____24,0___14,8___

oePoaaa, ans am ae ane ane am aw a a> oo ans on on ae asng------gZQQ---_--§149-__31;Q-_

Total N =448 1 5 144 171 1727
J 0 , 2 1,1 32 , 1 36,1 28, 3
 

Looking at the data above,we can notice that the big
group of drivers making errors seldom and soretimes.Only
about 1% of drivers recognized to frequent errors and "'only
one woman reported about very often her mistakes.Similar-
ly as in the last case,we can observe serious differences
between female and male.Most of male-drivers /ir their opi-
nion/ belong to groups with only accidentally making errors.
However,most of female drivers belong to group of road
users,who make errors sometimes.The women self-criticism
level is higher than men.

It is interesting to compare these data with the number |
of kilometers,were driven per year and the years of drivers
practice. It show Table No. 9 and No. 10 /on the next page/.

In both situations, frequency of errors makin, very stro-
ngly tied with practiice of drivers: time of practice and
number of driven kilometers alike.

What is general conclusions? Undoubtely,the level of dri-
vers self- criticism is determined by two groups of factors:
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Table HKo.YF

Frequency of errors and number km per year

Frequency of 1 2 3 4 5!
errors v.often often sometimes seldor v.seldon

Number km 32000 S 400 253COC 28 850 380930
 

Table No. 10 -

Frequency cf errors and years of drivers, practice

 

Frequency of 1 2 3 4. 5
errors v.often often somet. seldom v.seldom

Nurber of y. 4,00 9,80 9,5 12,02 15 , 30

 
& ind

1. Factors tied with the experience and drivers
practice.There are the number of years of ariver s
career and number of kilometers were driven in year.
Additionally the number of traffic offences and
eventually causes acciaeonts.
ractors tied with indywidual attributes of drivers as:
sex, age, and personality structure.Additionally;:
the gosls,character of car using and quelity of vehi-
cle.

Thege factors are very sigrificant for marking the"dri-
vers position on the road".

IQ
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THE PREVENTION OF CHILD PEDESTRIAN ACCIDENTS AND ROAD SAFETY

EDUCATION FOR CHILDREN s A COMPARISON OF VARIOUS EUROPEAN

APPROACHES IN THE PERSPECTIVE OF DEVELOPMENTAL PSYCHOLOGY

J.P. ASSAILLY, INRETS-LPC, 2 Av. du General Malleret-Joinville, 94114,

Arceuil cedex, France.

European countries are currently undergoing a process of harmonization, a

process concerning nearly all domains of activity. Road safety will of

course be one of them. When one reads literature (from British, Dutch,

Swedish, German, French, etc.authors) dealing with child pedestrian

accidents, one will very easily notice the similarities of accident

etiology in the various countries : the three groups "at risk" (the 5-9

year-olds, the 10-14 and aged persons), male overrisk, SES influence, the

"how accidents happen" (d@ashing-out, parked cars, visual search of the

child, etc.) and so on.

Moreover, various issues are exactly the same in the different countries

the relationships between scientific knowledge and political decision, the

evaluations of countermeasures, the short- and long-term effects of road

safety education, the relationships between behaviour, attitudes and

knowledge of the young road user, the debate between "adaptation of the

child to the road" or "adaptation of the road to the child" (or, even

separation), the attribution of responsibility (child, driver, family,

society) for accidents, the possibility of an "acceleration of learning"

which should be necessary concerning various skills (temporal intervals,

visual search, etc.), the type of training provided (classroom, real

traffic situations, simulated traffic, etc.), the type of media used

(posters, films, TV programs, etc.) and their effectiveness, the

relationships between parents and teachers in the educational process,

etc. etc.

Starting from these similarities, we will see how the particularity of

each country concerning developmental psychology has influenced the

approach to the problem : for example, American behaviourism and "neo-

behaviourism" has been reflected in the display of "accident types" based

on a "stimulus-reponse" model; the well-known Dutch school of animal and

human ethology has been reflected in the works of Dutch traffic safety

researchers (unobtrusive observations of behaviours, video recording, road

crossing strategies, etc.); French developmental psychology has been

reflected in an approach more centered on attitudes and parental

influences (maybe because of a more important influence of psychoanalysis

and psychosociology in the developmental field). The influence of

experimental psychology may be seen in British works showing how

perceptive, motor and cognitive skills could be improved.

If the "richness" of scientific approaches lies in this diversity, a

"complementarity" between them is obviously necessary.
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THE PREVENTION OF CHILD PEDESTRIAN ACCIDENTS AND ROAD

SAFETY EDUCATION FOR CHILDREN : A COMPARISON OF VARIOUS

EUROPEAN APPROACHES IN THE PERSPECTIVE OF

DEVELOPMENTAL PSYCHOLOGY

J.P. ASSAILLY, INRETS-LPC, 2 Av. du General Malleret-Joinville, 94114,

Arceuil cedex, France.

European countries are currently undergoing a process of

harmonization, a process concerning nearly all domains of activity.

Road safety will of course be one of them (speed limits, blood alcohol

levels, driving licenses and so on), notably because European people are

nowadays driving in all the countries of the community.

Concerning children, one important aspect of road safety is pedestrian

safety, mainly because the mobility of children is essentially a

pedestrian mobility. Moreover, for obvious reasons of unprotection, the

pedestrian accidents are the more severe of all road accidents, leading

to death or to severe injuries which may have very long-term

consequences on the health of the child (for example, the severity ratio,

which is the number of fatalities divided by the total number of

accidents, is much more important for the pedestrians than for other

types of road users).

When one reads European literature dealing with child pedestrian

accidents, one will very easily notice the similarities of accident

etiology and of the accident involvement correlates in the various

countries -:

1) first, age.

The two groups "at risk" in every country are the 5-9 year-olds and

aged persons (the last ones with respect to mortality because of their

vulnerability to injury, the first ones with repect to accident

involvement). Peak of injury rates in France is at 7 years, as shown by

this figure and the 7 year-old pedestrian has also been considered in

Scotland as "the target".. Only in U.K. has a secondary peak been

observed for the 10-14 year-olds.

We may explain the overinvolvement of children and aged persons for

symmetrical reasons : children are at risk because they are left alone

in traffic at a developmental period when they have not yet the
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perceptive, motor and cognitive abilities necessary for the adaptation

to the modern traffic environment, aged persons because they have no

more these abilities ...

For example, it is certainly not a coincidence that age seven is in

France associated with the first unaccompanied trips of children to

school.

After the age of seven, the accident involvement rates decreases

although risk exposure increases from childhood to adolescence

adolescents have pedestrian trips much longer, in more complex and

difficult traffic environments than children. This clearly shows that

the improvement of skills (and particularly of street crossing skills)

with age is a protective factor whose effects are superior to those of

exposure.

2)second, country

As we see in this figure, there are only slight differences in the

mortality rates between the various European countries (for example,

the differences are much more important concerning car drivers), so

the pedestrian problem is very similar from one country to another. We

may only notice that Nordic countries (Scandinavia and Holland), which

generally have good road safety records for other types of road users

(cars, motorcycles and so on), have also the lowest rates of child

fatalities; that U.K., which usually has good road safety results, has

very bad child pedestrian fatalities rates; and that France, which

usually has very bad overall accident rates, is in a median position for

child pedetrians. Differences in mobility could explain part of this last

paradox.

3) third, sex

In every European country, males are more at risk. The sex ratio | have

observed in my country is very similar to the results of my colleagues

abroad. Two main factors are generally considered to explain the

phenomenon :

-risk exposure (boys spend more time outdoors, they are more often

unaccompanied); this reflects the well known differences of parental

attitudes related to boys and girls. But the exposure difference is

generally considered as not sufficiently important to explain

completely the male overrisk. So, the second factor is :

VTI RAPPORT 380A



69

-sex related behavioural differences (boys are "dashing-out" more

frequently on the pathway, they stop and look less frequently before

crossing, they play more frequently in the streets). These differences

will also be familiar to developmental psychologists because the

control of emotions and of attention, hyperactivity and impulsivity are

well known correlates of gender.

4) fourth, socioeconomic status

The overinvolvement of low SES children and of immigrant children is

also commonly observed. This suggests the environmental aspects of

accident etiology for these children : overcrowding in flats and on the

streets , density of traffic, lack or absence of play areas, deficiencies

of the parental monitoring and so on.

5) finally, the "where and how accidents happen"

The various in depth and on-the-site studies of child pedestrian

accidents have displayed the same scenario : returning from school, not

far from his or her home in a residential area, the child suddenly dashes

out onto the street between two parked cars, he is more frequently

running and does look or stop before crossing. The driver generally says

that he did not see the child or that he could not do anything to avoid

the accident.

This is the most frequent type of child pedestrian accident but other

types exist : for example, in cases when the child has stopped and

looked, his visual search is often inefficient, that is, he looked for but

did not see the car approaching.

An important point is the accompaniment of the child. Two main results

are : first, accompaniment is a protective factor because more

accidents happen when the child is alone; second, this protection is not

totally efficient because between one quarter and one third of child

pedestrian accidents happen when the child is with his parent or

another adult. In those cases, it is obviously the quality of the

monitoring which is deficient.

Concerning the road environment, the same conclusions could be raised

concerning pedestrian crossings : they are a protective factor because

more accidents happen outside of these crossings but nearly 20 percent

of accidents still happen on these crossings. In those casés, we may say
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that the road sign gives a false sense of safety for the child as well as

for the driver. '

To conclude on the accident etiology, | would like to say :

-first, that two risk factors clearly appear : inter-individual

variability of behaviour (some children are much more at risk than

others) and moreover, intra-individual variability of behaviour (the

same child may behave very carefully at one moment of his trip, and

then suddenly very dangerously at another moment). Various affective,

cognitive and motivational factors influence this intra-individual

variablity : kids who dash out on the street know as well as others that

they should stop and look, but the day come when they will forget it.

This last point is probably the most difficult obstacle to the education

of the child pedestrian. However, if unforeseenable behaviour is a well

known characteristic for child psychologists, the child is not totally

responsible of this phenomenon because it is also determined by the

educational practices of his parents, their lifestyles, the social norms

and so on.

-second, that the child pedestrian accident is a local and daily problem,

for the child as well as for the driver : these accidents happen mainly

on familiar streets, where the child walks everyday, very close to

home. Maybe it is this familiarity which is one of the main risk factors

because it has a very negative influence on the risk perception of the

child and of the driver (and also of the parent of the child, whether he

leaves his child alone in the streets or even if he accompanies him) :

both feel safe and their attention is impaired.

Starting from these common observations, the next issue for all the

traffic safety researchers in this field is obvious : what can we do to

reduce the "death toll" children pay every year on the road ? And when

it comes to that, there is not (as usual ...) a general consensus ...

Notably, several debates have raised : for example, that should we try

to adapt the child to the road (by training and countermeasures) or

should we try to adapt the road to the child ? If one considers the

acceleration of skills learning which would be required is impossible,

the last one is obviously the better solution; but improving the road

environment has also its limits because it has very soon economic

#
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consequences and it raises conflicts between different categories of

citizens which do not have the same interests (children, parents, car

drivers, shop attendants, the automobile industry and so on).

Another well known debate is this : is the child really totally "at fault"

and responsible for the accident, as generally statements from

policemen and witnesses indicate ? When the drivers say that "they

could do nothing to avoid the accident", this may not in fact be true. We

know that drivers, even in residential and school areas, drive too fast

to react to the behaviour of children, and that most drivers, when they

see a child waiting to cross, do nothing which could prevent a traffic

conflict.

To conclude on this point, a third common issue is : where should we

start ? To improve the knowledge of children, to improve their

attitudes or to improve their behaviour ? There seems to be a

consensus on the idea that the behavioural improvement is the most

suitable solution, notably because there is not necessarily a transfer

from what children know to what they do, and which implies that the

best preventive measure should be practical training in real traffic

situations. But once we have said this, the remaining difficulty is that

the school system cannot generally provide a regular training in real

traffic situations for all the children; so, the only solution for this is

the parents, but then again the persistent problem is : how to motivate

parents to do it ?... Very often, road safety campaigns have not been

very efficient in solving this problem, and notably because of the well

known "target" issue : the parents who are aware of the road safety

measure are not necessarily the parents of the children which are more

"at risk". Remember Saint Thomas : "most is given to those who least

need it" ...

The comparison of the theoretical approaches

Each country has its own particular developmental psychology approach

to the problem :

-for example, American behaviourism and neo-behaviourism have been

reflected in the display of "accident types" based on a "stimulus-

response" model. High numbers of child pedestrian accidents have thus

been analyzed and categorized in a typology : the dashing-out onto the

street, or at an intersection, the vehicle turning, the vehicle backing,

the bus stop accident, the ice-cream truck accident, and so on. Once the
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situation has been identified, one or several countermeasures must be

applied to this accident situation.

-for example, the results of the well known Dutch school of animal and

human ethology have been reflected in the works of Dutch traffic safety

researchers : the ethological approach is generally in favour of

unobtrusive observations of individuals in their natural environment, so

they have developed an "ethology of the street crossing", which allow

us to know not what the children are supposed to do in the streets, nor

what their parents think they do, but what they do really when they are

alone in traffic... The use of video recordings of crossing strategies at

different ages is an important element of knowledge if we want to

adapt the crossing strategies of children to the different kinds of road

environment.

-in France nowadays, there seems to be an important impact of social

learning models on traffic safety research, and there the role of

parents and teachers is heavily stressed because of the underlying

psychological mechanisms : imitation, identification, and the influence

of the affective relationship between the child and his parents.

-at last, the influence of experimental psychology may be seen in

English and Scottish works which show how perceptive, motor and

cognitive skills could be improved. Promising results have been

obtained concerning the improvement of selection of safe crossing

sites, the evaluation of the temporal gaps between two vehicles.

To conclude, if we say that scientific approaches are many and diverse,

all of them will be obviously necessary if we want to obtain further

significant results in the reduction of child pedestrians accidents.
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Age distribution of pedestrian accidents in France (1990)

less than 15 years more than 65 years All ages

Killed 152 (11%) 512 (36%) 1407 (100%)

Severe injuries 1802 (24%) 1877 (25%) 7368 (100%)

Light injuries 5751 (30%) 3234 (17%) 19 298 (100%)

Demographic weight 20% 14% 100%
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Sex ratio of pedestrian accidents (0-14 years)

BOYS GIRLS

Killed 61% 39%

Severe injuries 61% 39%

Light injuries 58% 42%
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Comparison of Accident Risk for School Children

as Bicyclists in Linkoping, Sweden

and Odense, Denmark

Ole Helboe Nielsen

Head of Roads and Traffic Department

Municipality of Horsens

Denmark

et al (see Abstract)
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Comparison of accident risk for school children as bicyclists in Linkoping,

Sweden and Odense, Denmark.

By: Erik L.Nordentoft, Johnny Ludvigsson, Anders Svensson, Lars Vejde, Ole

Helboe Nielsen, Ove Rasmussen.

From: Accident Analysis Group, Odense University Hospital, Denmark

Road and sewerage department, Odense Municipality, Denmark

University of Linkoping, Sweden

Street and Road Office, Municipality of Link@ping, Sweden,

The Traffic School, Odense Municipality, Denmark

A WHO report from 1975 showed a high fatality risk for school children bicycling in

Denmark, four times higher than that in Sweden.

A comparative study was therefore carried out in Linkoping and in Odense, consisting

of 6 sub-investigations;

1) The technical condition of the bicycles, which was best in Odense.

2) The attitude of the parents to their children's risk as bicyclists. The Swedish parents

were more restrictive than the Danish parents.

3 The safety standards of the roads according to the swedish "TRAD" system. This

was generally better in Odense but not for roads used by children for cycling.

4) The children's behaviour as bicyclists in the traffic judged from video films. This part

could not be evaluated in a comparative way.

5) The bicycle activity of the children, their routes and the purposes of the trips. In

Odense approximatly 2000 children filled in their bicycle routes from the previous day

on air fotos. Their information corresponded well with a milage recorder on some of

the bicycles.

In Linkoping about 1000 children did the same. When multiplied with the number of

children in the relevant ages it was found that the traffic work on bicycle was about

twice the amount in Odense as in Linkoping.

6. The "health risk" was compared based on identical casualty room figures ( there

were no cases registered by Vardcentraler (general practitioners) in Linkoping). The

age-corrected incidences in Odense were four times higher than in Linkoping. The

admittance rates to hospital stay however were more equal, about twice as high in

Odense. Also the traditions for admittance were different. The distance from the

accident place to the casualty room is generally greater in Linkoping and the hospital

casualty services there are not free of charge like they are in Odense.

The apparent difference in activity risk therefor disappears when these factors are

taken into consideration.
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COMPARISON OF ACCIDENT RISK FOR SCHOOL CHILDREN AS BICYCLISTS

IN LINKOPING, SWEDEN AND ODENSE, DENMARK

Ole Helboe Nielsen

Head of Roads and Traffic Department

Municipality of Horsens, Denmark

1. BACKGROUND 

In 1975 the World Health Organisation (WHO)published a report

about the road traffic risk in 50 different countries based on

death accident risks. It showed that Denmark had the highest

risk for children in school age when bicycling in traffic. The

risk vas 4 times higher than that in Sweden.

Studies at the hospitals in Linkoping and Odense showed that

the risk of getting injured as a bicyclist was 2.3 times

higher in Odense than i Linkoping.

Therefore, through the Nordic Council for Road Traffic Securi-

ty (NTR) a Nordic Investigation was initiated in Finland, Nor-

way, Sweden and Denmark.

Furthermore, separate studies took place in four cities

Kuopio, Stavanger, Linkoping and Odense. The studies in kuopio

and Stavanger were only partial.

The results of the "country" studies have been reported in

1988 by NTR.

2. THE INVESTIGATIONS IN ODENSE AND LINKOPING.

Odense has approximately 170.000 inhabitants, Linkoping

110.000.

In Odense 20.000 children 5-14 years, in Linkoping 14.000

children.

The studies were concentrated on children in standard 1, 3, 5

and 7, i.e 7, 9, 11 and 13 years old.

6 studies were carried out

& Technical condition af bicycles
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. Attitudes of parents to their children's risk as bicyclists

. Safety standards of roads

. Children's behaviour as bicyclists

Bicycle acticity of the children

Hospital registration of children's bicyclist injuries.

2.1 Technical condition of bicycles.

1200 in Odense

800 in Linko ping

. examined by the same two persons

without notice to the children, but the headmaster was

informed.

Results . More bicycles in Odense without defects

. Mean number of defects lowest in Odense

. Differences SMALL

2.2. Attitudes of parents to their children's risk as bicyc-

list

. 2600 questionnaries distributed in Odense, 2300 returned,

900 selected by random choise

800 questionnaries in Linkoping,

Same questionnarie in both cities

Results . Swedish parents are more

. Swedish children are two

when they are allowed to

of traffic milieu

. More Swedish parents are

helmets, age limitations

2.3. Safety standards of roads. 

All roads and road crossings were

the Swedish model (TRAD)

Three standards used

- green (good standard)

600 returned

restrictive than danish

years older than danish

bicycle alone i any tupe

in favour of bicycle

etc.

classified according to

-- yellow (acceptable standard)
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-_- red (unacceptable standard)

The following were taken into consideration

- amount of car traffic

- speed

- parked cars

- bicycle lanes

- side walks

-_ layout and regulation of road crossings

Results . The distribution of roads according to the above

standards

Linkoping: 308% green, 308% yellow and 40% red

Odense: 58% green, 26% yellow and 16% red

. Many gravel paths in newer dwelling quarters in

Odense have been classified, and they are all gre-

en.

2.4 Children's behaviour as bicyclists.

. Video recordings in selected areas

Results . None

& Classification of behaviour could not be done in a

comparative way.

More satisfactory results could possibly be

obtained by using observers educated in conflict

techniques. '

2,5 Bicycle activity of the children.

. Questionnaries and aerial photos used

. In Odense 2000 children

. In Linkoping 1000 children

All bicycle trips the previous day were recorded, their pur-

pose and the time. All routes sketched in on the aerial

photos

Results . Children in Odense use their bike much more than

the swedish children

. In Odense 50-80% - depending on age - used the bike
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. In Linkoping 30-70%

. In Odense children travel 1900-5000 m per day

. In Linkoping 1700-3600 m per day

The average per day is 2300 m in Odense and 1350 m

i Linkoping

. As there are more children in Odense the total

mileage for all children i Odense is

approximately 2,5 times the total mileage in

Linkoping.

. Swedish children more often use roads (and cycle

paths) of green standard

. Boys travel 20% more than girls

2.6 Hospital registration of children's bicyclist injuries. 

& Registration in the casualty wards

& Comparative data from 1988

Results . The number of children registered is 3,5 times

higher in Odense than in Linkoping

. However, in Linkoping a fee has to be paid when you

seek treatment, and Linkoping has a larger geo-

graphic extension.

. The diagnosis - commotio - is 3.1 times higher in

Odense than in Linkoping

. The number of admitted is 1.3 times higher in

Odense than in Linkoping.

3. CONCLUSION. 

One of the important results is that swedish parents are more

restrictive than the danish. This in turn leads to that swe-

dish children use their bike less than the danish.

The investigations indicate that children in Odense travel

1,70 longer distances than children in Linkoping.

As there are more children in Odense the total mileage is 2,5

times higher in Odense than in Linkoping.
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Assuming the risk is the same 2,5 more children should be

injured in traffic in Odense. However, the number of children

seeking hospital treatment is 3,5 times higher in Odense,

indicating that the risk is higher in Odense.

However, these differences may at least to some extent be ex-

plained by the larger geographic extension of Linkoping, and

the fact that a small fee must be paid in LinkGing.

The investigations do not prove that there is a higher risk of

being injured for school children as bicyclists in Odense than

in Linkoping.
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AN ANALYSIS OF BICYCLE ACCIDENTS

IN WESTERN EUROPE AND THE UNITED STATES: 1975-1989

by

Dr. Elias M. Choueiri Univ.-Prof. Dr.-Ing. Ruediger Lamm

Dr. Bernard M. Choueiri and Dr. Georges M. Chouein

ABSTRACT

The bicycle is a means of transport for which no license is required. For children who are

not yet allowed to drive a moped or car and for older people who are no longer able to drive

a car, the use of bicycles is often the only way of covering relatively long distances

independently.

Investigated in this study are bicycle fatalities in Western Europe -- including Austria,

Belgium, Denmark, Federal Republic of Germany, France, Great Britain, Italy, the

Netherlands, Norway, Sweden and Switzerland -- and the United States. The study was

undertaken to determine some of the problem areas in traffic safety of bicycle use.

The specific objectives of the study were to: (1) Show quantitatively the changes in bicycle

fatalities in Western Europe and the United States between 1975 and 1989. (2) Show

quantitatively the changes in bicycle fatalities per 100,000 inhabitants between 1975 and

1989. (3) Identify those age groups that were most frequently involved in fatal bicycle

accidents. (4) Determine whether there were statistically significant changes during the

1975-1989 time period in the bicycle accident characteristics studied. To achieve this

important objective of the study, the statistical analysis t-test concerning the difference

between means was conducted for testing the significance of the difference between means

of bicycle fatalities for selected time periods within the period 1975-1989.

Some conclusions of the study follow: (1) In 1989, bicyclists comprised 1.8 percent of all

traffic deaths in the United States and, on the average, 7.3 percent of all traffic deaths in

Western Europe. (2) Between 1975 and 1989, the Western European countries, with the

exception of Great Britain, experienced decreases in bicycle fatalities. During the same time

period, Western Europe as a whole and the United States experienced decreases of 36.1 and

17.2 percent, respectively, in bicycle fatalities. (3) Between 1975 and 1989, the Western

European countries, with the exception of Great Britain, experienced decreases in the

number of bicycle fatalities per 100,000 inhabitants. During the same time period, Western

Europe as a whole and the United States experienced decreases of 38.2 and 28.2 percent,

respectively, in bicycle fatalities per 100,000 inhabitants. (4) In 1989, persons over 64 years

of age accounted for more than one-third of the bicycle accident deaths in the majority of

the Western European countries under study; yet persons in this age group made up only

between one-sixth and one-seventh of the populations of these countries. Contrary to the

fatality experience in Western Europe, persons under 15 years of age accounted for the

highest percentage of bicycle fatalities in the United States (42.4 percent); yet persons in this

age group made up only 21.5 percent of the population of the United States. (5) In Western

Europe and the United States bicycle death rates (fatalities per 100,000 inhabitants) varied

tremendously by age. They were highest for persons under 15 years of age in the United

States, and persons over 64 years of age in Western Europe. (6) In terms of statistical

significance, the results of t-tests indicate that the bicycle fatality development in Western

Europe, with the exception of Great Britain, was more favorable than that of the United

States during the time period observed. For Western Europe as a whole, improvements in

bicycle safety, which were significant at the 95 percent level of confidence, were identified

between the time periods compared. The improvements in the United States were not

significant at the 95 percent level of confidence.

Another conclusion of the study, which is based on a literature review, highlights the need

for protective headgear or helmet for bicyclists of all ages.
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AN ANALYSIS OF BICYCLE ACCIDENTS

IN WESTERN EUROPE AND THE UNITED STATES: 1975-1989

by

Dr. Elias M. Chouein Univ.-Prof. Dr.-Ing. Ruediger Lamm

Dr. Bernard M. Choueini and Dr. Georges M. Choueiri

1. INTRODUCTION

The bicycle is a means of transport for which no license is required. For children who are

not yet allowed to drive a moped or car and for older people who are no longer able to drive

a car, the use of bicycles is often the only way of covering relatively long distances

independently [1].

The use of bicycles for general transportation is on the increase in the United States and in

time may approach the level of major European cities. One reason for this increase in bicycle

usage, especially by the older segments of the population, is the availability of the lightweight

multigear bicycle. But, as the general use of bicycle for transportation has increased, the

pattern of accident involvement has undergone a change. The major result has been an

increase in the number of accidents and injuries [2]. The most frequently injured parts of

the body in bike accidents are the head and face, arms and hands, and legs and feet. The

most common types of injury are lacerations, contusions, and abrasions, followed by

fractures, strains and sprains. and concussions. '

It is generally recognized that human error plays an important role in most traffic accidents.

The human factor in bicycle accidents can be related to the degree of knowledge of the

traffic regulations, attitudes towards traffic safety and rule compliance, and the degree of

motor and cognitive abilities. Since the foregoing characteristics are, in large part, age

dependent, they could at least be held partly responsible for the high accident-involvement

of specific age groups [1].

The major causes of bicycle accidents are [3]:

1) Rider error (a conservative estimate): 75 percent.

2) Vehicle driver error (bicyclist could not escape): 10 percent.

3) Poor bicycle maintenance: 5 percent.

4) Defective bicycle trail design or dangerous road condition: 3 percent.

5) Defective bicycle owner's manual (inadequate instructions): 3 percent.

6) Defective bicycle assembly at retail level: 2 percent.

7) Defective bicycle (assembly or design of frame or component): 2 percent.

2. OBJECTIVES

Investigated in this study are bicycle fatalities in Western Europe and the United States

during the period 1975-1989. It should be noted that this study is as complete a picture of

bicycle fatalities in Western Europe and the United States as available data allow.

Western Europe (WE) in this study includes the following eleven countries: Austria (A),

Belgium (B), Denmark (DK), Federal Republic of Germany' (FRG), France (F), Great

 

L The Federal Republic of Germany in this paper refers only

to West Germany.
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Britain (GB), Italy (D, the Netherlands (NL), Norway (N), Sweden (S), and Switzerland

(CH).

The specific objectives of the study were to:

1) Show quantitatively the changes in demographic characteristics, such as population

and population density, as experienced by each of the eleven Western European

countries, by these countries as a whole (WE), and by the United States between

1975 and 1989;

2) Identify the changes in bicycle fatalities and fatality rates (fatalities per 100,000

inhabitants) between 1975 and 1989.

3) Identify those age groups that were most frequently endangered in fatal bicycle

accidents.

4) Determine whether there were statistically significant changes during the 1975-1989

time period in the fatal bicycle accident characteristics studied.

The majority of the data used for the study were obtained from the United Nations, Statistics

of Road Traffic Accidents in Europe [4], and from various national statistics, such as [5].

The reader who is interested in additional information on the data used should consult [6-8].

Absolute comparisons of fatality data in different countries must be treated with considerable

care, as they can contain results arising from such diverse factors as differing traffic

compositions, traffic laws, driving behavior, and/or special influences such as highway

standards, legislation, different qualities of street lighting, etc. Furthermore, the accident

reporting procedures can be very different. For instance, while a death within 30 days of an

accident is classified in most countries as a fatal injury, in Italy a road fatality is described

as being due to a road accident if death occurs within seven days; in France, six days; while,

in Austria, a road fatality is described as being due to a road accident if death occurs within

three days [9]. To compensate for these discrepancies the European Conference of Ministers

of Transport [10] came to the tentative conclusion that figures in respect of deaths resulting

from accidents can be broken down according to the time when they occur roughly as

follows:

- Died at the scene of the accident 46 percent

- Died within three days 80 percent

- Died within six days 84 percent

- Died within seven days 85 percent

«- Died within thirty days 92 percent.

Because death within 30 days of an accident was taken as a basis for this study, the bicycle

fatality data for Austria, France and Italy were converted to a 30-day period using the above

percentages.

It should be noted before we go any further that countries like Greece, Portugal, Spain, and

Eastern European countries will be included in future research work by the authors.

3. POPULATION FIGURES, 1975-1989

Table 1 shows the population figures for Western Europe and the United States for 1975 and

1989, the end points of the time span under study. This table indicates that:
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1) In 1989, the Federal Republic of Germany had the largest population (62.7 million),

while Norway had the lowest population (4.2 million).

2) In 1989, Western Europe's population (290.5 million) was about 42 million higher

than the population of the United States; In other words, the population of Western

Europe as a whole was about 1.2 times as high as that of the United States (290.5

versus 248.8).

3) The largest increase in population in the 1975-1989 time period was in the

Netherlands (8.0 percent), followed by France (6.6 percent), Norway (5.0 percent),

Switzerland (4.7 percent), Sweden (3.7 percent), Italy (3.2 percent), Great Britain

(2.3 percent), Federal Republic of Germany (1.5 percent), Austria (1.3 percent),

Belgium (1.0 percent), and lastly by Denmark (relatively unchanged).

4) The United States' population rose 15.5 percent from 215.5 million in 1975 to 248.8

million in 1989. This percent increase (15.5 percent) was more than 4.5 times that

of Western Europe (3.4 percent).

From the table also it can be seen that:

1) In 1989, the Netherlands had the largest population density (409 persons per square

kilometer), while Norway had the lowest population density (13 persons per square

kilometer).

2) Western Europe's population density in 1989 (123 persons per square kilometer) was

more than 4.7 times that of the United States (26 persons per square kilometer).

Table 2 shows the percent distribution of the populations by age groups for the Western

European countries and the United States for 1989. The following points can be observed:

1) There is, more or less, a certain degree of similarity in the percent distribution of

the age groups in the countries under study.

2) Persons between the ages of 25 and 64 account alone for nearly half the populations.

3) Persons in the age groups "0-14", "15-24", and "Over 64" account each for nearly

one-sixth to one-seventh of the populations.

4) The only difference between Western Europe and the United States is that the

United States has slightly more younger people (under 15 years of age) and less older

people (over 64 years of age) than Western Europe.

4. TREND OF FATALITIES AND FATALITY RATES, 1975-1989

4.1 Fatalities

In terms of safety, in 1989 The Netherlands had the highest percentage of bicycle fatalities

(22.9 percent, up from 19.7 percent in 1975), relative to all motor vehicle deaths, followed

by Denmark (14.0 percent, down from 14.3 percent in 1975), Belgium (10.1 percent, down

from 11.9 percent in 1975), the Federal Republic of Germany (10.1 percent, up from 9.5

percent in 1975), Sweden (9.6 percent, down from 12.5 percent in 1975), Switzerland (7.7

percent, up from 6.8 percent in 1975), Norway (6.6 percent, down from 8.5 percent in 1975),

Italy (6.3 percent, down from 8.9 percent in 1975), Austria (5.5 percent, down from 6.9

percent in 1975), Great Britain (5.5 percent, up from 4.4 percent in 1975), France (3.9
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percent, down from 4.3 percent in 1975), and lastly by the United States (1.8 percent, down

from 2.3 percent in 1975). Bicycle fatalities in Western Europe as a whole made up 7.3

percent (down from 8.0 percent in 1975) of all traffic fatalities in 1989, despite a substantial

increase in the number of bicycles and bicycle mileage during the period 1975-1989. Since

exact figures on bicycle usage were not available for all the countries under study, the

increases in the number of bicycles and bicycle mileage will not be taken into consideration

in this study. It should be noted that the percentage of bicycle fatalities, relative to all motor

vehicle deaths, in Western Europe as a whole was about 4.0 times that of the United States

(7.3 percent versus 1.8 percent).

Absolute numbers of bicycle fatalities for Western Europe and the United States are given

in Table 3 for the years 1975 and 1989. The following points are of interest:

1) With the exception of Great Britain, which experienced an increase of 9.0 percent

in bicycle fatalities, the European countries in this study experienced decreases in

the number of bicycle fatalities between 1975 and 1989. The largest decrease in

bicycle fatalities in the 1975-1989 period was in Italy (52.5 percent). Decreases of

over 40 percent in bicycle fatalities were experienced by Austria, Norway, Federal

Republic of Germany, and Sweden. France, Belgium, The Netherlands, and

Denmark experienced decreases between 20 and 28 percent. The smallest decrease

in bicycle fatalities in the 1975-1989 period was in Switzerland (16.5 percent).

2) Western Europe as a whole and the United States experienced decreases of 36.1 and

17.2 percent, respectively, in bicycle fatalities between 1975 and 1989. In 1975, the

absolute number of bicycle fatalities in Western Europe as a whole was about 4.5

times that of the United States. By 1989, this figure had dropped by more than 22.2

percent! In 1989, the absolute number of bicycle fatalities in Western Europe was

about 3.5 times that of the United States. However, it should not be forgotten that

bicycle transportation is a lot more popular in Western Europe than in the United

States. When comparing the Western European countries themselves, the issue of

bicycle usage is not as critical.

4.2 Fatality Rates

Clearly, the absolute number of bicycle fatalities does not give alone an objective norm for

comparison. This may be attributed to differences among the countries under study, such

as differences in areas, population figures, culture, topography, traffic laws, number of

bicycles, infrastructure and facilities provided for road users, etc. For this reason, the

number of bicycle fatalities per 100,000 inhabitants was additionally taken into consideration

in this study.

Fatality rates per 100,000 inhabitants are listed in Table 4 for 1975 and 1989. Examination

of Table 4 reveals the following:

1) With the exception of Great Britain which experienced an increase of 6.5 percent in

bicycle fatalities per 100,000 inhabitants, the European countries in this study

experienced decreases in the number of bicycle fatalities per 100,000 inhabitants

between 1975 and 1989. These reductions ranged from 20.2 percent in Switzerland

to 54.0 percent in Italy.

2) The decrease of 38.2 percent in fatalities per 100,000 inhabitants in Western Europe

was considerably higher than that of the United States (28.2 percent). But, it should

not be forgotten that it is harder to reduce the lower fatality rates in the United

States than the higher ones in Western Europe.
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3) In 1975, the rate of 1.6 bicycle fatalities per 100,000 inhabitants in Western Europe

as a whole was 3.4 times that of the United States. By 1989, this figure had dropped

by more than 11.7 percent! In 1989, the fatality rate per 100,000 inhabitants in

Western Europe was 3.0 times that of the United States.

The above statistics clearly indicate that the bicycle fatality development in Western Europe

and the United States in the 1975-1989 period should be regarded as favorable, considering

the increase in the number of bicycles and bicycle mileage in Western Europe and the United

States during the same time period.

4.3 Bicycle Fatalities by Age Groups

Table 5 gives the distribution in percent of bicycle fatalities for the age groups 0-14, 15-24,

25-64, and over 64. This table indicates that:

1) In 1989, persons over 64 years of age accounted for more than one-third of the

bicycle accident deaths in the majority of the Western European countries under

study; yet persons in this age group made up only between one-sixth and one-seventh

of the populations of these countries (see Table 2).

2) Contrary to the fatality experience in Western Europe, persons under 15 years of

age accounted for the highest percentage of bicycle fatalities in the United States

(42.4 percent); yet persons in this age group made up only 21.5 percent of the

population of the United States (see Table 2).

The relative importance of bicycle deaths for the vulnerable road users, "Under 15 years of

age in the United states" and "Over 64 years of age in Western Europe", should be of major

concern to the authorities that are involved in traffic safety work and decision making.

3) In 1989, persons over 25 years of age accounted for nearly three-fourths of bicycle

fatalities in Western Europe.

4) Contrary to the fatality experience in Western Europe, persons under 25 years of

age accounted for nearly two-thirds of bicycle fatalities in the United States.

It should be noted that the age distributions of persons killed in bicycle accidents may

become more meaningful if they were compared with the age distributions of the general

population.

Table 6 gives bicycle fatality rates per 100,000 inhabitants by age for 1989. A review of Table

6 demonstrates the following:

1) Bicycle fatality rates vary tremendously by age. They are highest for persons over

64 years of age in Western Europe, and persons under 15 years of age in the United

States. This result confirms once more the previous statements.

2) In Western Europe, the Netherlands led the way in the fatality rate for persons over

64 years of age (7.55 deaths per 100,000 population), followed by Belgium (4.76),

Federal Republic of Germany (3.39), Sweden (3.24), Denmark (3.04), Austria (2.94),

Italy (2.44), Switzerland (2.26), France (1.47), and lastly by Great Britain (0.69).

3) The fatality rate for persons over 64 years of age in Western Europe as a whole was

about 12.7 times that of the United States (2.41 versus 0.19).

4) The fatality rate for persons between 25 and 64 years of age in Western Europe as

a whole was about 3.8 times that of the United States (0.72 versus 0.19).
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5) Overall, the fatality rates for the different age groups in the United States were

lower than those of Austria, Belgium, Denmark, Federal Republic of Germany, the

Netherlands, Switzerland, and Western Europe as a whole.

It should be noted that the differences in bicycle fatality rates may be explained, for

example, by differences in the total number of bicycles; differences in road-using or bicycle

travel; differences in riding experience; etc.

To add more credibility to the results of this study, available statistics on travel by

vulnerable road users in three of the eleven European countries under study - Great Britain,

the Netherlands, and Sweden, as an example for Western Europe - indicate that, in terms

of mobility, the Dutch on average make more trips per day than either the British or the

Swedes. In terms of bicycle trips, the average Swede makes nearly five times as many trips

per day as the average British. However, the average Dutch makes nearly fourteen times as

many bicycle trips per day as the average person in Britain [11]. This may explain, based

on this study, the higher bicycle death rates in the Netherlands as compared to those of

Great Britain. For instance, for persons "Over 64" years of age, Table 6 indicates that the

bicycle fatality rate in the Netherlands is nearly eleven times the rate in Great Britain. For

the other age groups, the rates in the Netherlands are at least 2.5 times as high as those of

Great Britain. Comparing the Netherlands with Sweden, Table 6 indicates that the rates in

the Netherlands are at least twice as high as those of Sweden.

Similar conclusions can be drawn from Table 4 where the fatality rate per 100,000

inhabitants in the Netherlands is nearly double that of Sweden, and over 4.0 times that of

Great Britain.

5. STATISTICAL SIGNIFICANCE

As previously noted, one objective of the study is to determine if there were statistically

significant changes during the period 1975-1989 in the bicycle accident characteristics

studied.

To accomplish this, the statistical analysis t-test (small samples, unequal variances)

concerning the difference between means was conducted for testing the significance of the

difference between means of fatalities [Choueiri, 1984, (6); Lamm et al. (7,8); Brownlee,

1960, (12)]. The following time periods were considered for analysis in each of the subject

countries:

- Time period I contains the years 1975-1977 to enable us to describe the fatality

situation after the energy crisis of 1973/1974.

- Time period II contains the years 1980-1982 to enable us to describe the fatality

situation at the beginning of the 1980's. o

«- Time period III contains the years 1987-1989 to enable us to describe the fatality

situation at the end of the 1980's.

The null hypothesis tested with the fatality data was as follows: "There is no significant

difference between the mean number of bicycle fatalities between any two time periods

compared in each of the subject countries."

The calculated t-value was then compired with an appropriate critical t-value obtained from
the standard statistical tables for the corresponding degrees of freedom and confidence
interval used (95 percent). If the calculated t-value was smaller than the critical t-value, the
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hypothesis was accepted. A higher t-value resulted in the rejection of the null hypothesis. The

implications of the acceptance or rejection of the hypothesis are as follows:

1)

2)

Acceptance of the null hypothesis signified that there was no real difference between

the mean number of bicycle fatalities between any two time periods. Whatever

small difference might have been observed between two data sets was indeed

attributable to random chance. ' '

Rejection of the hypothesis implied that there was a significant difference between
the mean number of bicycle fatalities between any two time periods in each of the
subject countries.

Table 7 shows the t-tests results for bicycle fatalities in the countries under study for
different time periods. From the table it can be seen that:

1)

2)

3)

4)

Between time periods I (1975-1977) and II (1980-1982), six of the eleven Western
European countries in this study (Austria, Belgium, Federal Republic of Germany,
the Netherlands, Norway, and Sweden) experienced improvements in bicycle safety,
which were significant at the 95 percent level of confidence. The other countries,
with the exception of Great Britain, which experienced a non-significant
deterioration in safety, experienced also improvements in safety, but the
improvements were not significant at the 95 percent level of confidence. While
Western Europe as a whole experienced a significant reduction in the mean number
of bicycle fatalities between time periods I and II, the United States experienced a
marginal reduction in fatalities.

Between time periods II and III (1987-1989), five of the eleven Western European
countries in this study (Belgium, France, Federal Republic of Germany, Great
Britain, and Italy) experienced improvements in bicycle safety which were significant
at the 95 percent level of confidence. The other countries experienced also
improvements in safety, but the improvements were not significant at the 95 percent
level of confidence. Again, while Western Europe as a whole experienced a
significant reduction in the mean number of bicycle fatalities between time periods
II and III, the United States experienced a marginal reduction in fatalities.

Between time periods I and III, the majority of the Western European countries in
this study experienced improvements in bicycle safety, which were significant at the
95 percent level of confidence. Great Britain was the only European country to
experience a marginal deterioration in safety between time periods I and III. Again,
while Western Europe as a whole experienced a significant reduction in the mean
number of bicycle fatalities between time periods I and IH, the United States
experienced a marginal reduction in fatalities.

Among the Western European countries under study, Belgium and the Federal
Republic of Germany had the most favorable bicycle fatality developments during
the period 1975-1989; Great Britain was the only European country to experience
unfavorable bicycle fatality developments in the time period studied.

The bicycle fatality development in Western Europe as a whole, in terms of
statistical significance, was more favorable than that of the United States during the
time period 1975-1989. For Western Europe as a whole, significant improvements
in bicycle safety were identified between the time periods compared. In contrast, the
United States experienced only non-significant improvements in bicycle safety during
the time period studied.
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In view of the above results, one should not conclude that bicycle safety in the United States

and Great Britain is more severe than that of the Western European countries. As can be

seen from Table 4, of all the countries under study the United States and Great Britain had

the lowest bicycle fatality rates per 100,000 inhabitants.

6. DISCUSSION

Generally speaking, it is not the intention of the authors to evaluate the results further.

because of significant differences that exist among the countries under study, such as _

demographic, legislative, etc. The results of the tables presented herein are intended to show

the authorities that are responsible for traffic safety in the countries under study, where

their respective country stands in terms of bicycle fatality developments over different time

periods during the period 1975-1989. The results are important in that they pinpoint the

problem areas in bicycle safety. So far as this study is concerned, it may be concluded that

the favorable bicycle fatality development in Western Europe between 1975 and 1989 may

be due in part to the following [13]: .

- The European philosophy is whenever possible bicycles should be separated from

motor vehicles. To a lesser extent, they believe in separations from pedestrians

although the degree of separations is generally minimal due to space constraints. In

addition, at trouble spots such as intersections, bridges, etc., separation is viewed

generally as necessary.

In many cases bicycle-pedéstrian separation is indicated by a painted line delineating

areas designated for each mode. Whenever possible separation is effected by curbing

and reinforced by different surface types. Signing for bicycle-pedestrian separation

coincides with curbing and/or lane marking. These signs are generally blue and

circular in design with a bicycle and pedestrian symbol superimposed on it.

Bicycle signals in Europe are present at locations where conflicting motor vehicle

and bicycle traffic, especially right-turning vehicles, is heavy. Most European

bicyclists observe regular traffic signals, making a special signal installation

unnecessary, in many cases.

Generally speaking, bicycle safety could be drastically improved by requiring

bicyclists to wear helmets. By all means, helmets are not the entire solution to this problem -

- many cyclists do not follow traffic rules -- but they can be a very effective means of

stemming the suffering. It should be noted that in the United States, just California and New

York are currently the only states with laws mandating helmet use by recreational bicyclists,

and these are not far-reaching laws. In both California and New York children under five

years of age who are riding as a passenger on a bicycle are required to wear a helmet.

According to Section 1238 of Vehicle and Traffic Law in New York State:

"No person operating a bicycle shall allow a person one or more years of age and

less than five years of age to ride as a passenger on a bicycle unless:

(a) such passenger is wearing a helmet meeting the standards of the American

National Standards Institute (Ansi Z 90.4 bicycle helmet standards) or the

Snell Memorial Foundation's 1984 Standard for Protective Headgear for use

in Bicycling. Wearing a helmet means having a helmet of good fit fastened

securely upon the head with the helmet straps; and '

(b) such passenger is placed in a separate seat attached to the bicycle and such
seat shall have adequate provision for retaining the passenger in place and
for protecting the passenger from the moving parts of the bicycle.
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Statistics concerning bicycle safety in the United States [14-16] show the following:

«- About 50,000 cyclists suffer serious head injuries each year.

_- An estimated three fourths (75 percent) of the more than 1,000 bicycle-accident

fatalities involve head injuries.

«- 1 out of 7 children under age 15 suffers head injuries in cycling-related accidents.

- Each day a cyclist under the age of 15 is killed. More than 75 percent of the

children who die suffer head injuries.

Findings from the Harborview Injury Prevention and Research Center in Seattle,

Washington, USA, indicate that 80 percent of bicycle fatalities are directly related to head

injuries; this result coincides with the figures mentioned above. Yet only 5 to 16 percent of

all cyclists wear helmets in the United States. Bicycle helmets reduce the risk of serious head

injury by 85 percent [15,17]. Similar results were reported in [18-21]. These studies indicated

that:

= The head or neck is the most seriously injured part of the body in 5 out of 6 fatally

injured bicyclists. Typically, bicyclists who die with serious head injuries do not have

other life-threatening or potentially disabling injuries. Thus, if bicyclists used

helmets, many fatalities and serious head injuries would not occur.

- Despite evidence that wearing bike helmets can reduce the risk of head injury

dramatically, protective headgear has not caught on with most cyclists. By one

estimate, less than 10 percent of the United States' 85 million bike riders wear

helmets. Among children under 15, the estimate is only 2 percent.

Australian studies cited in [19] reported the following:

= Head injuries were reported for 68 percent of bicyclists involved in road crashes to

which an ambulance was called in Adelaide, South Australia.

= About 48 percent of injured bicyclists admitted to hospitals in Western Australia had

suffered a head injury.

Trying to convince people to wear the protective headgear had become the main

thrust of advocacy groups and manufacturers in the United States. The League of American

Wheelmen, a 22,000-member bicycle organization based in Baltimore, approved a resolution

that cyclists participating in its national and regional rallies must wear helmets [17].

Why don't more cyclists wear helmets? There are a variety of excuses: helmets look

foolish; they are inconvenient; they mess up hair. Accidents happen to other people. Some

mistakenly believe helmets can injure the neck. One of the biggest misconceptions among

bicycle riders is that lower speeds put bicyclists at a low risk. Head injuries generally occur

not because of the bicycle's speed, but because of vertical distance -- how far the head travels

to hit the pavement. It takes about a half second for the head to go from a bike to the -

pavement. Blink once. That is how long one has -- not enough time to protect the head in

a fall. The average height of a person sitting on a bike is 5.3 feet. At that distance, the head

hits the ground at 12.6 miles per hour. That speed is the threshold of irreversible injury to

the brain. Other studies show that a fall from only three feet, ten inches at about 11 miles

per hour can cause fatal brain damage [15].

The energy of falling objects is measured in terms of g's, the same term used by

astronauts to describe the force their rocket needs to escape the earth's gravitational field.
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When a falling object impacts against a surface its sudden deceleration is also given a g

value. A cyclist traveling at 15 to 20 miles per hour who takes a typical fall directly over the

handlebars into a fixed object will "decelerate," or impact his head, at an unbelievable 1,000

g's! Think about that statistic relative to the g force of only three that the space shuttle

astronauts experience during launch. The cyclist would surely die under such an impact [22].

The above statistics clearly highlight the need for protective headgear for bicyclists.

One way to do that is to establish a uniform, federal standard so consumers are not

confused. It sends a message about how important a helmet is. And it would set a standard

that states and localities could use in passing laws and ordinances requiring cyclists to wear

helmets. That is the only way that we are ever going to get young people, particularly teen

age boys who are most at risk, to wear them.

7. CONCLUSIONS

The specific conclusions of this study include the following:

1) With the exception of Great Britain, which experienced an increase of 9.0 percent

in bicycle fatalities, the European countries in this study experienced decreases in

the number of bicycle fatalities between 1975 and 1989. The largest decrease in

bicycle fatalities in the 1975-1989 period was in Italy (52.5 percent); the smallest

decrease in bicycle fatalities in the 1975-1989 time period was in Switzerland (16.5

percent).

2) Western Europe as a whole and the United States experienced decreases of 36.1 and

17.2 percent, respectively, in bicycle fatalities between 1975 and 1989. In 1975, the

total number of bicycle fatalities in Western Europe as a whole was about 4.5 times

that of the United States. By 1989, this figure had dropped by more than 22.2

percent! In 1989, the total number of bicycle fatalities in Western Europe was about

3.5 times that of the United States.

3) With the exception of Great Britain, which experienced an increase of 6.5 percent

in bicycle fatalities per 100,000 inhabitants, the European countries in this study

experienced decreases in the number of bicycle fatalities per 100,000 inhabitants

between 1975 and 1989. These reductions ranged from 54.0 percent in Italy to 20.2

percent in Switzerland. The decrease of 38.2 percent in fatalities per 100,000

inhabitants in Western Europe as a whole was considerably higher than that of the

United States (28.2 percent).

4) In 1989, persons over 64 years of age accounted for more than one-third of the

bicycle accident deaths in the majority of the Western European countries under

study in 1989; yet persons in this age group made up only between one-sixth and

one-seventh of the populations of the Western European countries under study.

Contrary to the fatality experience in Western Europe, persons under 15 years of

age accounted for the highest percentage of bicycle fatalities in the United States

(42.4 percent); yet persons in this age group made up only 21.5 percent of the

population of the United States.

5) In 1989, persons over 25 years of age accounted for nearly three-fourths of bicycle

fatalities in Western Europe. Contrary to the fatality experience in Western Europe,

persons under 25 years of age accounted for nearly two-thirds of bicycle fatalities

in the United States.
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In 1989, bicycle fatality rates varied tremendously by age. They were highest for

persons over 64 years of age in Western Europe, and persons under 15 years of age

in the United States.

The bicycle fatality rate for persons over 64 years of age in Western Europe as a

whole was about 12.7 times that of the United States (2.41 versus 0.19).

Overall, the fatality rates for the different age groups in the United States were

lower than those of Austria, Belgium, Denmark, Federal Republic of Germany, the

Netherlands, Switzerland, and Western Europe as a whole.

In terms of statistical significance, t-tests results indicated that the bicycle fatality

development in Western Europe as a whole was more favorable than that of the

United States during the period 1975-1989. For Western Europe as a whole,

significant improvements in bicycle safety were identified between the time periods

compared. In contrast, the United States experienced only non-significant

improvements in bicycle safety during the time period studied.

Among the Western European countries under study, Belgium and the Federal

Republic of Germany had the most favorable bicycle fatality developments during

the period 1975-1989; Great Britain was the only European country to experience

unfavorable bicycle fatality development in the time period studied.

Another conclusion of the study highlights the need for protective headgear or

helmet for bicyclists of all ages.

In closing, one should not conclude that:

1)

2)

Bicycle safety in the United States and Great Britain is more severe than that of the

Western European countries. Of all the countries under study, the United States and

Great Britain had the lowest bicycle fatality rates per 100,000 inhabitants.

The authorities in the United States should pay special attention to persons under

15 years of age, while the Western Europeans should pay more attention to persons

over 64 years of age.
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POPULATION DENSITY

POPULATION (INHABITANTS PER

(MILLION) SQUARE KILOMETERS)

(%) (%)

1975 1989 CHANGE 1975 1989 CHANGE

COUNTRY

A 7.5 7.60 +1.3% 89.7 90.6 +1.0%

s) 9 . 8 9.9 +1.0% 321.2 324.5 +1.0%

DK . 5.1 5.1 +0 117.6 118.5 +0.8%

F 52.7 56.2 +6.6% 95.5 101.9 +6 .7%

FRG (WEST) 61.8 62.7 +1.5% 249.2 252.7 +1.4%

GB 55.9 57.2 +2.3% 228.9 234.3 +2

I 55.8 57.6 +3.2% 185.3 191.2 +3.2%

NL 13.7 14.8 +8 .0% 377.3 409.1 +8 .4%

N 4 . 0 4.2 +5.08% 12.4 13.0 +4.8%

S g . 2 8.5 +3 .7% 18.2 18.9 +3.9%

CH 6 . 4 6.7 +4 .7% 155.3 162.3 +4.5%

WE 280.9 290.5 +3.4% 119.3 123.4 +3.4%

USA 215.5 248.8 +15.58% 22.6 26.1 +15.5%
     

Table 1. Population figures and population densities

for Western Europe and the United States for

1975 and 1989.

 

 

 

 

 

DISTRIBUTION IN PERCENT OF

POPULATIONS BY AGE GROUPS

COUNTRY 0 - 14 15-24 25 - 64 OVER 64

A 17.4% 15.4% 52.0% 15.2%

B 19.5% 16.0% 50.5% 14.0%

DK 17.5% 15.1% 51.9% 15.5%

Eo 20.5% 15.4% 50.5% 13.6%

FRG (WEST) 14.8% 14.9% 54.9% 15.4%

GB 18.9% 15.3% 50.2% 15.6%

I 16.6% 16.1% 52.8% 14.5%

NL 18.3% 16.5% 52.5% 12.7%

N 18.9% 15.5% 49 . 2% 16.4%

S 17.8% 13.9% 50.5% 17.8%

CH 16.0% 14.5% 55.0% 14.5%

WE 17.7% 15.23% 51.8% 15.0%

USA 21.5% 15.7% 50.5% 12.3%
    

Table 2. Distribution in percent of populations by age

groups for Western Europe and the United

States, 1989. -

ances e oin -
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TOTAL NUMBER OF

BICYCLE FATALITIES
 

 

 

 

 

COUNTRY 1975 1989 %-CHANGE

A 169 86 -49.1%

B 278 202 -27.3%

DK 118 94 -20.3%

F 609 440 -27.8%

FRG (WEST) 1409 808 -42.7%

CB 278 303 +9 .0%

T 910 432 -52.5%

NL 456 333 -27.0%

N 46 250 -45.7%

S 147 87 -40.8%

CH 85 71 -16.5%

wE 4505 2881 -36.1%

USA 1003 831 -17.2%
   

for 1975 and 1989,

 

FATALITIES PER

100,000 INHABITANTS
 

 

 

 

 

cCOunrRYy 1975 1989 %- CHANGE

A 2.25 1.13 -49.8%

B 2.84 2.04 -28.1%

DK 2.31 1.84 -20.3%

F 1.16 0.78 -32.3%

FRG (WEST) 2.28 1.29 -43.5%

GB 0.50 0.53 +6.5%

T 1.63 0.75 -54.0%

NL 3.33 2.250 -32.4%

N 1.15 0.60 -48.2%

s 1.79 1.02 -42.9%

CH 1.33 1.06 -20.2%

WE 1.60 0.99 -38.2%

USA 0.47 0.33 -28.2%
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DISTRIBUTION IN PERCENT OF

FATALITIES BY AGE GROUPS

coUnTRY 0 - 14 15-24 25-64 OVER 64

A 10.5% 9.3% 41.9% 39.5%

B 15.8% 10.9% 40.1% 32.7%

DK 13.8% 16.0% 44.7% 25.58%

p 10.58% 14.8% 48.9% 25.58%

FRG (WEST) 12.3% 9 .9% 37.4% 40.5%

CB 21.8% 20.5% 37.0% 20.5%

T 8 . 6% 6.0% 34.7% 47.2%

NL 16.5% 13.5% 27.3% 42.6%

N 16.0% 12.0% 36.0% 36.0%

g 10.3% 4.6% 28.7% 56.3%

CH 14.1% 21.1% 33.8% 31.0%

WE 13.2% 12.0% 37.7% 36.5%

USA 42 . 4% 20.9% 29.5% 7.0%
 

Table 5. Distribution in percent of bicycle fatalities

by age groups for Western Europe and the

United States, 1989.

 

 

 

 

 

FATALITIES PER 100,000 INHABITANTS

BY AGE GROUPS

COUNTRY 0-14 15-24 25-64 OVER 64

A 0 . 68 0 . 68 0.91 2.94

B 1.66 1.39 1.62 4.76

DK 1.46 1.95 1.59 3.04

Ro 0 . 40 0.75 0.76 1.47

FRG (WEST) 1.07 0.86 0 . 88 3.39

CB 0.61 0.71 0.39 0.69

m 0.38 0.28 0.49 2.44

NL 2.03 1.84 1.17 7.55

N 0.50 0.46 0 . 44 1.31

S 0.59 0.34 0.58 3.24

CH 0 . 93 1.54 0.65 2.26

WE 0 . 74 0 . 78 0 . 72 2.41

USA 0 . 66 0 . 45 0.19 0.19
    

Table 6. Bicycle fatality rates for different age

groups in Western Europe and the United

States, 1989.
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TIME PERIODS
 

COUNTRY I- II -II-III I - III
 

A

B

DK

F

FRG (WEST)

GB

I

NL

N

S

CH

WBE
M
O
O
M
M

M
MM
O

MM
bk

 

 

O
|M

|O
O
O
O
M
M
M
M
O
M
O

O
|M

|O
M
M
M
O

:

O
|M

|M
bi

bd
be

by

USA
    

Table 7. Summary of findings (t-tests) for the Western

European countries, for Western Europe as a

whole, and for the United States in terms of

their experience in bicycle fatalities for

different time periods.

Legend: X : Significant improvement in safety; O

Marginal improvement in safety; - : Marginal

deterioration in safety; and + : Significant

deterioration in safety.
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CURRENT STATE OF MOTORCYCLE ENGINEERING AND RESEARCH ON THE ACTIVE

SAFETY SECTOR

Dipl.-Ing. C. Albus

Abstract

During the 1980s, the active safety of motorcycles has been

markedly improved due to continued technical developments in this

field. This applies particularly to the improved handling

characteristics (manoeuvrability, stability) by optimizing the

running gear and tyres, as soon as improved braking efficiency and

the use of antilock systems (ALS). Based on the state of the art,

an overview of the developments to be expected in the future is

given, such as ALS-operating successfully on curves, traction

control systems and rear-wheel-steering. This is followed by a

description of the most important results of several research

projects carried out under contract to BASt by the Automotive

Engineering Department of Darmstadt Technical University. Within

the framework of these research projects, a method of testing high

speed stability has been developed and the possibilities of ALS-

controlled braking of motorcycles in curves studied. The paper

concludes with a description of the research requirements and an

evaluation of the safety relevance of future motorcycle techniques

taking the overall system of driver/vehicle/environment into

consideration.
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CURRENT STATE OF MOTORCYCLE ENGINEERING AND RESEARCH ON THE

ACTIVE SAFETY SEKTOR

Dipl.-Ing. Christoph Albus

Bundesanstalt fur StraBenwesen (BASt)

Federal Highway Research Institute:

1. ACTIVE SAFETY ASPECTS

Active safety features are the engineering measures taken to prevent critical

situations from developing; they also help in coping with such situations so that

serious consequences will not result. In the 1980s, motorcycle engineering

experienced great advances. Along with the progress on other road safety sectors

and certain structural changes, this has resulted in a steady decrease in the accident

rate of motorcycles since 1975, based on motorcycle travel. The development of

the accident rate vs. time is shown in Fig. 1. As regards the data needed for the

calculations, reference is made to [1] (accident figures) and [2] (motor travel).
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Fig. 1: Motorcycles (excluding light-powered two-wheelers) and cars--casualty and

heavy damage accidents per million veh.-kmi in Germany (old federal states)

The interpretation of accident figures with respect to active safety requires, in

addition to the casualties, at least also the consideration of motorcycle involvement

in heavy damage accidents. Based on the curves in Fig. 1, information in qualitative

and quantitative terms can be derived even though some uncertainties (e.g. travel

figures, cf. [3]) and different boundary conditions concerning cars and motorcycles

(e.g. unreported numbers) are taken into account. Unlike car accidents, the accident
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rate of motorcycles has decreased steadily since 1975, but it was nevertheless

about twice as high as that of cars in 1990. In other words, in 1990 the risk to get

involved in an accident was twice as high for motorcycles than for cars based on

identical veh.-km. Considering the high share of casualties in motorcycle accidents

(94.9 %) compared with car accidents (50.7 %) and the limited passive protection

possibilities in the case of cycles, the continued reduction of the risk factor is an

important future concern. Active safety development targets likely to better the

situation are presented in the following.

The most important active safety aspects of motorcycles are listed in Fig. 2.

Concerning the first subgroup (driving safety, handling), it must be kept in mind that

compared with multi-track vehicles the driving dynamics of a two-wheeler as a one-

track vehicle are quite different. It is therefore of special importance that the driver,

the vehicle and environment should not be regarded as isolated factors but as a

complex integrated whole in the case of two-wheelers. The rider is representing the

integral, actively and passively stabilizing system component and the two-wheeler

the system component responding to disturbing factors in its surroundings with great

sensitivity. In accordance with the system loop model in [4], the control activities of

a rider include course holding (anticipation) and maintaining stability (compensation).

The principal handling criteria of the motorcycle system component, i.e., driving

stability and manoeuvrability, can be defined as follows [5]:

Stability refers to the "ability of a motorcycle" of maintaining its condition and

damping natural vibrations in spite of disturbing factors.

Manoeuvrability refers to the "ability of a motorcycle" of responding promptly and

accurately to the rider's control inputs. This is important when obstacles have to be

avoided.

In addition to rider abilities and performance limits (in the sense of motorcycle

control), manoeuvrability, stability and braking behaviour of the motorcycle, the

transfer processes between the three system components play an important role in

the rider-vehicle-environment system, such as e.g. feedback of vehicle response to

the rider.

The so-called new driver aids in Fig. 2 are also of significant effect on driving safety.

These are technical features automatically assisting riders with certain control tasks

in order that critical situations may be avoided or better coped with.

Further important active safety aspects are control and information concepts,

ergonomics and perception. Especially in view of the planned traffic systems (e.g.

PROMETHEUS), there is the question of how motorcycles might be able to use them,

e.g. by means of a head up display. Ergonomic aspects include all vehicle measures

(incl. protective clothes and helmet) alleviating physical strain and fatigue.

Perception includes everything that can be summarized under the heading "To see

and be seen", for two-wheel riders certainly of relevance.

Vehicle condition is also an important active safety aspect, especially since technical

modifications are frequent with motorcycle owners and the failure of other relevant

components (e.g. also the new driver aids above) can lead to critical situations.

In the following, the investigations on "weave stability" and "ALS for motorcycles"

are the main subjects dealt with in Chapter 2. In Chapter 3, some of the

development targets to improve the active safety of motorcycles, which are listed in

Fig. 2, are assessed by means of evaluation criteria.
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Driving safety, handling

-- two-wheeler driving dynamics (lateral, longitudinal, vertical)

-- driver-vehicle-environment system loop

-- running gear (frame, suspension/damping, tires, brakes)

-- stability (weave, wobble, capsize mode)

-- manoeuvrability

-- braking behaviour

-- handling under changed load conditions (passenger, luggage)

-- new driving aids (antilock system (ALS), integral brake system, antislip

control (ASC), rear-wheel steering, active suspension/damping system,

two-wheel drive)

-- motorcycle characteristics (type, performance, weight)

 

Control and information concept

-- configuration and information supplied by instruments, warning lights and

other information devices

-- configuration, ergonomics, adjustability and function of switches, levers and

pedals

-- head up display

 

Ergonomics

-- seating position (height, body angle, supports)

-- aerodynamics

-- adjustability of seating position and aerodynamics

-- comfort (suspension/damping)

-- vibrations

-- noise

-- helmet ventilation

--- wearing comfort (helmet, protective clothes)

-- weather protection

 

Perception

-- lighting and signalling

-- daytime running light

-- conspicuousness (conspicuous colours, reflecting areas)

-- helmet effect on field of vision

-- sight conditions (visor--steaming up and scratch resistance)

 

Vehicle condition

-- type approval

-- technical inspection

-- operational and failure safety of relevant componets

-- maintenance condition

-- technical modifications and manipulations
   

Fig. 2: Active safety aspects of motorcycles (incl. helmet and protective clothes)
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2. INVESTIGATIONS INTO A SUITABLE MOTORCYCLE ANTILOCK SYSTEM

AND INTO WEAVE STABILITY

Within the framework of the automotive engineering research programme of the

Federal Ministry of Transport, several research projects on the subjects antilock

system ([6], [7], [8]) and weave stability ([9], [10]) have been carried out at the

Automotive Engineering Department of Darmstadt Technical University. The most

important research findings are described below.

Three manufacturers (BMW, Yamaha, Honda) are currently offering antilock systems

for production motorcycles (additional price: approx. DM 2000). The great

advantage of ALS in cars, i.e. the car remains steerable within the ALS control range,

does not apply to the current ALS equipped motorcycles. Furthermore, braking on

curves within the ALS control range is a problem (cf. below). Additional drawbacks

are the complex requirements on the control of ALS-equipped motorcycles. As a

consequence, the ALS that have been fitted result in longer braking distances than

those attained by experienced riders under controlled braking conditions by means of

a conventional brake.

However, controlled braking on a high deceleration level is difficult in an emergency,

even for experienced riders. But that is precisely the situation where the great safety

gain offered by the current ALS equipped motorcycles can be realized, i.e.,

maintaining stability in straightline braking by preventing wheel lockup in an

emergency; for a lockup of the front wheel, even though it may be brief, almost

inevitably results in an accident. ALS therefore frees the rider from the difficult task

of "brake-force proportioning" in an emergency.

The above-mentioned boundary conditions of driving dynamics in respect of

motorcycle ALS have been investigated in connection with the integral brake system

in the first research project [6], from the theoretical viewpoint and by means of

driving tests. The integral brake system is a system enabling automatic control of

braking-force distribution between the front and rear brake by use of the brake pedal.

The rider is thus freed from the task of "braking-force distribution" required with

conventional brake systems which in turn require simultaneously using both the hand-

brake lever (front brake) and the brake pedal (rear brake). According to [6], the

greatest safety gain is obtained by combining ALS with a load dependent integral

brake system.

The following project [7] deals in more detail with the problem of curve braking with

ALS. The problem here is the brake steering torque--also existing with conventional

brake systems--developing on curves due to the lateral displacement of the tyre

contact area (where the wheel--brake--force takes effect). The magnitude of the

torque is mainly affected by the wheel braking force (especially in front), the slip

angle and tyre width. With conventional brake systems, the brake steering torque is

a static quantity which the rider can compensate in most cases. In curve braking

within the ALS control range, an alternating brake steering torque develops due to

the pulsating nature of the brake force. This results in a lateral dynamic cycle

behaviour the rider cannot any longer control. In the research report [7], two related

possible approaches to solving this problem are proposed. The first refers to the use

of sensors for the control of input parameters, such as lateral acceleration and

adhesion, in addition to the control parameter (wheel speed changes) already used in

current motorcycle antilock systems. The second concerns motorcycle engineering

measures that should be taken to reduce or even eliminate the brake steering torque.
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Within the scope of the third research project [8], these problem solving approaches

have been investigated more closely. The following lateral dynamic characteristics

were found to be suitable as control parameters: dynamic wheel loads, roll angle and

lateral wheel forces. The driving tests demonstrated sensor control of these

parameters to be possible in principle as well as a sufficiently accurate determination

of adhesion utilization by these means. Furthermore, a design modification was

proposed in order to eliminate the brake steering torque in curve braking (cf. Fig. 3).
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Fig. 3: Schematic representation of the design modification proposed by the

Automotive Engineering Department of Darmstadt Technical University [8]

The functional principle of the so-called brake steering torque preventer lies in the tilt
bearing of the inner tube of the steering head section vis-a-vis the rigid outer tube of
the steering head section. The steering axis as a function of the roll angle is so
adjusted by means of a control motor that, in the ideal case, it always intersects the
tyre contact point. This eliminates the development of the brake steering torque
since the tyre contact point with reference to the steering axis is no longer laterally
displaced. A first prototype has already been manufactured. Implementing this
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principle, however, is a very complicated matter. At present there are plans of

carrying out another research project of practical tests of the system to gather

information about its effects on driving dynamics.

Two research projects have dealt with the subject of stability with the aim of

developing an objective test method to assess the weave stability of motorcycles [9],

[10]. Weaving in this context refers to the oscillation resulting from the combined

steering, rolling and yaw motions of the entire vehicle (a frequency of about 2 - 4 Hz

in terms of oscillation). If the damping effect of the rider-motorcycle system is not

sufficient--as is sometimes the case at high speeds--the resultant weave mode can

lead to serious accidents. Weaving is affected by motorcycle design and rider

parameters, loading and maintenance condition of the cycle [11].

A likely test method resulted from the first research project. With this method, the

rider uses both hands to induce a strong steering impulse simultaneously inducing

weave vibrations which subsequently require damping--to a greater or lesser degree--

by the rider-motorcycle system. In a straightline drive this is repeated several times

at different constant speeds. By means of acceleration sensors, the relevant

responses of the motorcycle (lateral acceleration, steering angle) are measured and

the values recorded. Afterwards, the evaluation criteria "degree of damping" and

"attenuation time" can be evaluated as functions of speed on the basis of the data

recorded.

The next research project [10] investigated the effect of the rider on the results of

the above test method. A test series including 17 riders on 4 different motorcycles

revealed that the rider parameter "driving experience" (minimum travel on

motorcycles) is the one principally affecting the test results with respect to weave

damping. The parameter "mass and body height" of the rider has a lesser effect in

this context. In the detailed proposal for a method to test weave stability, outlined at

the end of [10], the ideal rider (75 kg, 175 cm) is required to have a driving

experience of at least 25,000 km. Since the effect of the rider on the results of the

test method is still relatively great, the method will not be used in the motorcycle

type approval procedures in Germany in the near future because its reproducibility

cannot be ensured. In this connection, further research into the effect of the rider's

positioning in relation to his machine is especially required.

3. ASSESSING FUTURE DEVELOPMENT TARGETS

Nine development targets to improve active safety are assessed based on the 11

evaluation criteria described below. These development targets have been selected

based on the list of safety aspects shown in Fig. 2 since they are expected to be

trend-setting and of particular relevance with respect to safety. It must be pointed

out, however, that the evaluations in the matrix are not to be considered as objective

since they are based on the subjective assessments and judgements of the author of

this paper. In addition to the criteria described, technical developments must always

take human control abilities and performance limits into account. The following

evaluation criteria and scales have been used in the evaluation matrix in accordance

with [12]:

(1) Prevention of critical situations

(no effect 0 +++ +++ +++ + helps to prevent critical situations)

The development mechanisms and frequency of possible critical situations have to be

taken into account. Considerations with respect to improving subjective safety have

not yet been taken into account here (criterion No. 7).
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(2) Widening the stabilization margin

(no effect 0 + ++ +++ ++++ widening the stabilization margin)

The primary objective is the extension of the limits imposed by driving dynamics to

increase the safety reserves in critical situations. Reference basis in each case is a

conventional motorcycle with an ideal rider. But aspects like "anticipation of

motorcycle response" [4] and "announcing the reaching of the stability limit" are also

of importance in this context.

(3) Support of riders in critical situations

(no effect 0 + ++ +++ +++ + of great assistance)

An important task of technology is reducing the load on riders in critical situations.

This can be achieved either by simplifying riders' control activities or by the

development of technical features capable of freeing riders from such control

activities. This would not only reduce human failures in emergency situations but

also enable riders to better concentrate themselves on identifying situations and

making decisions accordingly.

(4) Optimization of transfer processes in the system loop

(no effect 0 +++ +++ ++++ improvement)

In this context, transfer processes in the system loop of rider, motorcycle and

environment, e.g., refer to the motorcycle's accurate response to a rider's control

inputs and the corresponding feedback from the cycle to the rider. Furthermore,

riders should be informed (by acoustical, visual or haptic means) on the state of

riding conditions at any time. Riders also require information when motorcycles

reach their stability limits. Efforts should concentrate on the principle of

"anticipation" [4] here.

(5) Applicability of acquired behavioural routines

(new routine required 0 + ++ +++ +++ + routines applicable)

(6) Effects on ergonomics and operational safety

(no effect 0 + ++ +++ +++ + improvement)

(7) Safety gain quotient, objective / subjective

(low quotient (< 1) 0 + ++ +++ ++++ high quotient (> 1))

Raising the safety level (objective safety) by technical improvements may be more or

less detrimentally affected if the riders' subjective feeling of safety is bettered at the

same time. Noticeable technical improvements will lead riders to eventually adjust

their mode of driving, but the effectiveness of such improvements (e.g. ALS) in

critical situations is often overestimated. Possible results can be high-risk driving or

lowered attention (risk compensation).

(8) Requirements with respect to system failure safety

(high requirements 0 +++ +++ ++++ no requirements)

The requirements on safety concepts are a function of the risk potential in the event

of system failure (e.g. redundance).
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(9) Benefit-cost quotient

(low quotient (< 1) 0 +++ +++ ++++ high quotient (> 1))

Based on the evaluation of criterion (7), the possible safety gain is compared with the

expected additional price.

(10) Effects on other development targets

(acute conflict of aims 0 +++ +++ +++ + positive effect)

Since the aims of new measures to improve the active safety of motorcycles may be

in conflict with the other development targets mentioned, the interdependencies

between individual measures must be taken into consideration. In addition, their

likely effects on other general development targets, such as economy, environmental

compatibility, serviceability and driving benefits must be paid attention. Especially

the recreation-oriented use of motorized two-wheelers needs to be taken into

account. Unlike most other types of vehicles, the main benefit derived from riding

motorized two-wheelers does not lie in the transport of goods and passengers but inu

the experience of pleasure gained by rider and passenger.

(11) Development and research requirements

(high / average / low)

What is meant here is the magnitude of knowledge deficits in the feasibility and

safety context.

In order to remain within the scope of this paper, the various development targets

(cf. Fig. 4) are assessed only briefly in the following.

The likely safety gain and the development requirements as regards ALS and the

integral brake system are discussed in detail in Chapter 2. The share of accidents

involving several parties where the use of such systems might have been of help is

estimated at 80 % (cf. Fig. 1), which is very high. Further improvements to these

systems and their widespread use will have positive effects on motorcycle accidents.

The only drawback of ALS-equipped motorcycles is the fact that riders have to

accustom themselves to the differences in the cycle behaviour within the control

range of ALS, thus also adjusting their response (the same applies to the integral

brake system). A certain breaking in and training period will be required in both

cases in order to be able to optimize the use of the systems.

Antislip control systems for motorcycles are probably not of very great safety

relevance. This assumption still needs to be confirmed by a detailed analysis of the

pre-crash phase of motorcycle accidents. Considerable knowledge deficits still exist

in this area.

Theoretical studies on rear-wheel steering have been undertaken in [5] and [13]. The

Yamaha Morpho II motorcycle model was the first of its kind to be equipped with this

system. An optimum future solution might be the active control of the rear-wheel

steering system as a function of speed and roll angle, a principle known from the

automobile sector. Front and rear wheel angles in the same direction would have

positive effects on stability at high speed whereas wheel angles in opposing

directions would improve the manoeuvrability of a motorcycle at low speeds. The

expected reduction of the persisting conflict between stability and manoeuvrability
[5] would justify the high research expenditure involved.
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Fig. 4: Evaluation matrix of selected development targets to improve the active safety
of motorcycles

Active suspension and damping systems and improved conventional running gear
components, which are already used in motor races, serve primarily the purpose of
widening the stability margin. However, this involves the risk of an increased
subjective feeling of safety. In order to optimize the handling characteristics,
however, the large number of design possibilities for individual running gear
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components does not require an isolated improvement of single design parameters

but the optimum adjustment of all parameters among one another.

The design of running gear components and the use of rear-wheel steering are of

great effect on the handling of a motorcycle. As in the case of the above-mentioned

improved brake system, the resulting improved capability of avoiding obstacles would

certainly be of safety relevance for the frequency of accidents involving several

parties (approx. 80 %). Evasive action could prevent accidents in many casessince

the manoeuvrability of a motorcycle is of great influence in this context. Further

research is especially needed for the development of a reproducible test method to

objectively assess the manoeuvrability of motorcycles. First proposals have been

made in [14] and [15].

Due to the above definitions of manoeuvrability and stability, a conflict of aims in the

design of motorcycles is inevitable [5]. Adequate stability is certainly a basic

requirement but, in view of the higher safety relevance of evasive actions, priority

should be accorded to research activities to improve the manoeuvrability of

motorcycles.

Improving ergonomics and the possibilities of adjustment (height of seats, levers)

would lead to safety gains at relatively low cost. Apart from the positive effects on

ergonomics and operational safety, an improved positioning of the rider in relation to

his machine is to be expected (unity of rider and machine).

The use of future information systems or head up displays must viewed against the

background of the possible integration of motorcycles into future traffic systems

(PROMETHEUS, DRIVE). Apart from the possibility of advance warnings about

obstructions or likely critical situations, the use of an independent on-board technical

surveillance system might also be considered. But further extensive research in this

area is not required at present.

In addition to the development targets assessed above, another research requirement

directly related therewith should be mentioned. In the first place, research into the

pre-crash phase should be pointed out. Detailed and representative information on

the pre-crash phase would enable conclusions to be drawn as to the use and design

configuration of technical systems to assist riders in critical situations. Further

safety-relevant research is needed for the development of an optimum motorcycle for

beginners, for the use of an accident data recorder and for the evaluation of the

effects of certain motorcycle characteristics (engine capacity/performance, weight,

vehicle type) on accident involvement.
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ABSTRACT

This study, which is concerned with mortality from motor vehicle accidents involving
vulnerable road user groups - pedestrians, cyclists, teenagers and the elderly - was
undertaken to show trends for 1980 to 1989 and differences by age and road user groups.
Specifically, the objectives of the study were to: (1) Identify various changes in fatalities, as
experienced by each of the following eleven European countries - Austria, Belgium,
Denmark, Federal Republic of Germany, France, Great Britain, Italy, the Netherlands,
Norway, Sweden, and Switzerland - during the period from 1980 to 1989, and (2) Determine
whether there were statistically significant changes during the 1980's in the traffic accident
characteristics studies.

As a result of this study, the following conclusions can be drawn:

1) The countries under study experienced reductions in the total number of traffic
fatalities for persons in the age group "under 15".

2) Most of the countries, with the exception of Sweden (+29.9%), experienced
reductions in the total number of fatalities for persons in the age group "15-24".

3) Most of the countries experienced reductions in fatalities for persons in the age
group "25-64".

4) Denmark, Norway and Sweden experienced increases of 9.4%, 16.0%, and 27.7%,
respectively, in the total number of fatalities for persons in the age group "Over 64".
The other countries experienced reductions in fatalities for this age group. The
largest decrease in fatalities for this age group was experienced by the Federal
Republic of Germany (37.9%).

5) The countries under study, with the exception of Sweden (+16.5%), experienced
reduction in the total number of fatalities for the road user group "Pedestrians".
The largest decrease in pedestrian fatalities was experienced by Italy (49.8%).
Persons "Over 64" years of age accounted for the highest percentage (over 40.0%),
and for the highest population death rate, of all pedestrian fatalities.
All of the countries under study experienced reductions in motorcycle fatalities
which ranged from about 6.5% (Norway) to 52% (Federal Republic ofGermany).

7) In terms of motorcycle fatalities per 100,000 inhabitants, persons "15-24" years of
age accounted for the highest population death rate in all the European countries
under study.

8) The majority of the European countries in this study experienced improvements in
safety, which were for the most part significant at the 95 percent level of confidence,
for different age groups and road users. Based on this study, it appears that the
fatality development for the different age groups and road users were most favorable
in the Federal Republic of Germany and Italy. Exceptions were Denmark which
experienced deterioration in safety for the age groups "25-64" and "Over 64";
Norway which experienced marginal deterioration in safety for the age groups
"15-24" and "25-64"; and Sweden which experienced marginal deterioration in safety
for the age groups "15-24" and "Over 64" and the road user group "Pedestrians".

9) Western Europe as a whole, including all eleven countries, experienced statistically
significant safety improvements for all age groups and for the three investigated
road user groups "Pedestrians", "Bicyclists", and "Motorcyclists".
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FATALITY DEVELOPMENT OF VULNERABLE ROAD USER GROUPS

IN EUROPE (1980-1989)

- PEDESTRIANS, CYCLISTS, TEENAGERS AND THE ELDERLY -

by

Univ.-Prof. Dr.-Ing. Ruediger Lamm Dr. Elias M. Choueiri

Dipl.-Ing. Theodor Mailaender Dr. Georges M. Choueiri
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1. INTRODUCTION

Traffic accidents are a plague to modern society -- the main cause of death in certain age

groups, but ranging high for all age groups [1]. More than 500,000 people are killed in

vehicle accidents each year. A forecast has suggested that, by the year 2000, fatalities could

reach one million [2]. Traffic casualties can never be totally reduced by countermeasures to

the design of roads and vehicles but, nevertheless, every effort has to be made to try to

reduce human suffering and the cost to society.

An overall view of any situation must always begin with man himself. We must not be

blinded by technology and systems so that we forget that, first of all, it is the driver and his

or her way of driving which determines the degree of traffic safety [3].

Road user behavior is of paramount importance to road safety. Drunken driving, speeding,

driving against red lights and not wearing seat belts are examples of road user behavior

which increases the risk of accident [4]. It has been estimated that about 30 to 50 percent

reduction in traffic casualty accidents could be achieved if speed limits could be realistically

enforced. A similar picture emerges from studies investigating seat belt use, compliance to

traffic signals, violation of priority rules, driving under the influence, and compliance to the

regulations for professional drivers with respect to driving, working and resting hours and

with respect to maximum vehicle load [S].

Road safety is a question of civilized behavior to our fellow citizens. We believe we have to

talk more about traffic morals, which does not necessarily mean we should moralize on the

subject. We must pluck up the courage to change our habits. After all, the only way of

improving the situation, as regards road safety, is by personal commitment, taking

responsibility for our actions and setting a good example. Those of us who are responsible

for road safety must set the trend in these respects [6].

This study, which is concerned with mortality from motor vehicle accidents involving

vulnerable road user groups - pedestrians, cyclists, teenagers and the elderly - was

undertaken to show fatality trends for 1980 to 1989 and differences by vulnerable age and

road user groups. Specifically, the objectives of the study were to:

1) Identify various changes in fatalities, as experienced by each of the following eleven

European countries - Austria, Belgium, Denmark, the Federal Republic of

Germany', France, Great Britain, Italy, the Netherlands, Norway, Sweden, and

Switzerland - during the period from 1980 to 1989, and

 

1 The Federal Republic of Germany in this paper refers only

to West Germany.
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2) Determine whether there were statistically significant changes during the 1980's in

the traffic accident characteristics studies.

The majority of the data used for the study were obtained from the United Nations, Statistics

of Road Traffic Accidents in Europe [7]. For comparative reasons, death within 30 days of

an accident was taken as a basis for this study, since it was used by the majority of the

countries under study.

It should be noted, before we go any further, that:

1) At the time the manuscript was completed the data were as up to date as possible.

2) Readers who are interested in a comparative analysis and evaluation of traffic safety

in the Western European countries prior to, and including, 1980 should consult [8-

12].

»A DEMOGRAPHIC CHARACTERISTICS

As previously noted, the eleven European countries investigated in this study differ in a

number of ways. Of the eleven, the Federal Republic of Germany has the highest population

with 62.7 million people in 1989, followed by Italy with 57.6 million, Great Britain with 57.2

million, France with 56.2 million, the Netherlands with 14.8 million, Belgium with 9.9

million, Sweden with 8.5 million, Austria with 7.6 million, Switzerland with 6.7 million,

Denmark with 5.1 million, and lastly by Norway with 4.2 million.

However, in terms of size France is very much the largest country (551.6 thousand square

kilometers "TSK"), followed by Sweden (449.8 TSK), Norway (324.2 TSK), Italy (301.2

TSK), the Federal Republic of Germany (248.2 TSK), Great Britain (244.1 TSK), Austria

(83.9 TSK), Denmark (43.0 TSK), Switzerland (41.3 TSK), the Netherlands (36.2 TSK), and

lastly by Belgium (30.5 TSK).

Hence, the population density is highest in the Netherlands (409 persons per square kilometer

"PSK"), followed by Belgium (325 PSK), the Federal Republic of Germany (253 PSK), Great

Britain (234 PSK), Italy (191 PSK), Switzerland (162 PSK), Denmark (119 PSK), France

(102 PSK), Austria (91 PSK), Sweden (19 PSK), and lastly by Norway (13 PSK).

It should be noted that:

1) There are also many other differences between the countries, including differences

in culture, differences in the law as it relates to road users, differences in the

infrastructures and facilities provided for road users, vehicle population, etc.

2) Countries like Greece, Portugal, Spain, and Eastern European countries will be

included in future research work.

3. ANALYSIS OF TRAFFIC FATALITIES BY AGE

3.1 Fatality Development between 1980 and 1989

In terms of fatality development (absolute number of fatalities) between 1980 and 1989, the

following observations can be made regarding fatalities by age groups (see Table 1):
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Age Group"0-14":

= The countries under study experienced decreases in the total number of traffic

fafalities for persons "under 15 years of age". The largest decrease in fatalities was

in the Federal Republic of Germany (61.9 percent); the lowest decrease in fatalities

was in Denmark (4.0 percent).

e Group "15-24":

- Norway and Sweden experienced increases of 0.8 percent and 29.9 percent,

respectively, in the total number of traffic fatalities for persons "15-24 years of age".

The other European countries experienced decreases in the total number of traffic

fatalities for persons in this age group. The largest decrease in fatalities was in the

Federal Republic of Germany (43.0 percent); the lowest decrease in fatalities was in

Italy (8.5 percent).

Age Group "25-64":

= Denmark, Great Britain, and Norway experienced increases of 11.2 percent, 0.1

percent, and 11.6 percent, respectively, in the total number of traffic fatalities for

persons "25-64 years of age". The other European countries experienced decreases

in the total number of traffic fatalities for persons in this age group. The largest

decrease in fatalities was in the Federal Republic of Germany (30.8 percent); the

lowest decrease in fatalities was in France (4.1 percent).

Age Group "Over 64":

- Denmark, Norway, and Sweden experienced increases of 9.4 percent, 16.0 percent,

and 27.7 percent, respectively, in the total number of traffic fatalities for persons

"Over 64 years of age". The remaining European countries experienced decreases

in the total number of traffic fatalities for persons in this age group. The largest

decrease in fatalities was in the Federal Republic of Germany (37.9 percent); the

lowest decrease in fatalities was in Great Britain (7.9 percent).

In view of the above results, it appears that the most favorable fatality development in

Western Europe between 1980 and 1989 was in the Federal Republic of Germany, followed

by the Netherlands and Switzerland. An unfavorable fatality development was experienced

by Norway, Sweden, and Denmark.

3.2 Traffic Fatalities by Age, 1989

Casualty statistics by age for the countries under study are shown in Table 2 for the year

1989. Examination of Table 2 indicates that persons in the age group "25-64" account for

over 40 percent of traffic fatalities in the majority of European countries under study.

However, persons in this age group are not to be regarded as the most vulnerable among

road users since they account for nearly 50 percent of the populations of the European

countries under study (see Table 3).

Examination of Tables 2 and 3 indicates that:

1) Persons in the age group "15-24" (when inexperienced persons start to use the roads)

should be regarded as the most vulnerableamong road users. For instance, in 1989,

young adults (15-24 years of age) represented, on the average, about 15 percent of

the populations of the Western European countries under study but accounted, on

the average, for over 28 percent of all traffic deaths. In other words, the percentage
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share of fatalities for the age group "15-24" is roughly twice the figure that this age

group makes up of the total population.

2) In 1989, persons over 64 years of age represented, on the average, about 15 percent

of the populations of the Western European countries under study but accounted,

on the average, for nearly 20 percent of all traffic deaths. This indicates that persons

over 64 years of age (when agility, judgement, and recuperative powers are reduced)

as being the second most vulnerable age group among road users.

To obtain a clearer picture of the above results, the authors studied additionally fatality rates

per 100,000 inhabitants in each of the subject countries. These are presented in the following

section.

3.3 Fatalities per 100,000 Inhabitants b e

Table 4 shows fatalities per 100,000 inhabitants by age for the countries under study for

1989. The figures in the table lead to the following conclusions:

1) Large differences between the various countries are observed in the likelihood of

losing one's life in a traffic accident.

2) The highest population death rates in the countries under study are for persons in

the age group "15-24", followed by persons in the age group "Over 64". This result

confirms the previous statements, see Section 3.2.

3) Persons in the age groups "15-24" and "Over 64" are especially at risk in Austria,

France, and Belgium. The lowest death rates for these age groups are found in

Great Britain and the Netherlands.

The high population death rates among persons aged "15-24" years may be attributed to the

following factors [13]:

1) Risk-Taking: Persons in this age group seem to think their chances of being in a

traffic mishap are one in a million. In fact, a survey of nearly 47,000 high-school

students in the U.S. found that more than 40 percent who were licensed for at least

two years had experienced already one or more crashes.

2) Inexperience: Persons in this age group figure their quicker reflexes will save them

in a tight situation. It is true that in an emergency they can hit the brake sooner

than an older person can. But an experienced driver would see potential danger

coming - and would respond three, four, five seconds before anything happened.

That is a lot better than the half-second the teen-ager gains from fast reflexes.

3) Immaturity: The younger the person in this age group, the more likely he or she is

to be subject to peer pressure and an adolescent tendency to use cars, motorcycles,

etc., to show off and to flaunt newly won freedom.

4) Alcohol: Is a factor in a considerable percentage of motor-vehicle fatalities for

persons in this age group.

In the following section, the authors will analyze road traffic fatalities by road users

(Pedestrians, Bicyclists, and Motorcyclists), concentrating on the age groups that are most

.at risk among these vulnerable road users. Up to now, the findings of this study indicate that

the age groups "15-24" and "Over 64" are the most vulnerable of allage groups, relative to

all traffic-related deaths.

VTI RAPPORT 380A



127

4. ANALYSIS OF TRAFFIC FATALITIES BY ROAD USERS

After analyzing fatalities by age groups, relative to all traffic-related deaths, this chapter will

concentrate on fatalities by road users.

Analysis of road traffic deaths statistics shows that about 40 percent all traffic-related deaths

are pedestrians, bicyclists, and motorcyclists. In the majority of the Western European

countries under study pedestrian deaths represent alone the second largest category (after

passenger car occupant deaths) of motor vehicle deaths, see Table 5.

However, it is common knowledge that, for example, in terms of vehicle mileage, lack of

vehicle protection, etc., pedestrians, bicyclists, and motorcyclists are more vulnerable than,

for example, the road user groups passenger car occupants or truck and bus occupants [8-

12]. The 40 percent fatality involvement, relative to all traffic-related deaths, by these three

road user groups is clearly more significant than the 55 percent fatality involvement by

passenger car occupants, see Table 5. Therefore, in this study, only pedestrians, bicyclists,

and motorcyclists will be considered. Special attention will be given to identifying the most

vulnerable age groups among these vulnerable road users.

4.1 Pedestrian Fatalities

Generally speaking, pedestrian collisions are predominently an urban phenomenon. Five out

of six injuries to pedestrians and two out of three deaths occur in urban areas. However, for

pedestrian collisions in rural areas the ratio of deaths to injuries is about three times as high

as in urban areas, reflecting the generally higher impact speeds in rural areas [14].

Among all categories of people injured by motor vehicles, pedestrians have the highest ratio

of deaths to injuries. Studies show that the number of deaths per 1,000 police-reported

injuries for pedestrians is about double that for motorcyclists and over four times that for

motor vehicle occupants [14].

One-fifth of all collisions that are fatal to adult pedestrians occur at intersections. Among

children, nearly 80 percent who are killed as pedestrians are in the roadway but not at

intersections [14,15].

Vehicle size and design are major factors in pedestrian injuries. In Great Britain, the death

rate among pedestrians struck by various types of vehicles was found to range from 4 per

1,000 struck by bicycles to 106 per 1,000 struck by heavy trucks. Of people struck by

passenger cars, 31 per 1,000 were killed [16].

Percent changes of the absolute numbers of pedestrian fatalities between 1980 and 1989 are

shown in Table 6. Examination of this table reveals that pedestrian deaths in the European

countries under study, with the exception of Sweden, decreased between 1980 and 1989. The

largest reduction was experienced by Italy (49.8 percent); the lowest reduction was

experienced by Denmark (5.1 percent). Overall, it can be stated that the pedestrian fatality

development during the last decade was favorable in the majority of the European countries,

with an average reduction of about 32 percent (excluding Sweden).

4.2 Pedestrian Fatalities b e

For the road user group "Pedestrians", percent of fatalities by age groups are given in Table

7. Examination of this table reveals that persons over 64 years of age represent, on the

average, about 15 percent (see Table 3) of the populations of the Western European countries

under study but account, on the average, for about 45 percent of pedestrian deaths. Thus,

Table 7 indicates that persons over 64 years of age are the most vulnerable of all age groups
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"Pedestrians".

To obtain a clearer picture of the above results, the authors studied additionally fatality rates

per 100,000 inhabitants in each of the subject countries. Table 8 shows fatalities per 100,000

inhabitants by age for 1989. The figures in the table lead to the following conclusions:

1) The highest population death rates in the countries under study are those for

persons in the age group "Over 64". This result confirms once more the previous

statements, see Sections 3.2 ans 3.3.

2) Pedestrians are especially at risk in Austria. It should be noted that Austria has the

largest pedestrian fatality rates for persons in the age groups "under 15" and "25-

64", and one of the largest pedestrian fatality rates for persons in the age group "15-

24".

The high pedestrian death rates for the elderly reflect high fatality rates among those

injured. In addition, when adjustment is made for exposure, elderly pedestrians are more

likely to be injured than younger adults [14,17].

To add more credibility to the results of this study, available statistics on travel by

vulnerable road users in three of the eleven European countries under study - Great Britain,

the Netherlands, and Sweden -, as an example for Western Europe, indicates that, in terms

of mobility, the British make more trips as pedestrians than either the Dutch or the Swedish

[18]. This may explain, based on this study, the higher pedestrian deaths, relative to all

traffic-related deaths, and death rates in Great britain as compared to those in the

Netherlands and Sweden, see Tables 5 and 7. For instance, for persons "Over 64" years of

age, Table 7 indicates that the pedestrian fatality rate in Great Britain is nearly double that

in the Netherlands, and about 1.4 times that in Sweden. For the other age groups, the rates

in Great britain are about double the rates in the Netherlands and Sweden.

In regard to the high pedestrian fatalities in Great Britain, see Table 5, it would be

interesting to consider the effect of "driving on the left". In countries with "left-hand-drive",

pedestrians must look to the right before crossing roads. This is in contradiction with the

preference proved by Psychological investigations. Observations have shown a distinct

preference to looking from left to right (the direction of reading) [19].

4.3 Bicycle Fatalities

Percent changes of the absolute numbers of bicycle fatalities are shown in Table 6.

Examination of the table reveals that Austria, Denmark, and Norway experienced increases

of 2.4 percent, 11.9 percent, and 13.6 percent, respectively, in bicycle fatalities. In contrast,

the other European countries experienced reductions in bicycle fatalities which ranged from

4.1 percent in Great Britain to 37.2 percent in Italy.

As in the case of the road user group "Pedestrians", persons over 64 years of age can be

considered as the most vulnerable among "Bicyclists".

The reader who is interested in a detailed analysis of bicyclist fatalities should consult

Choueiri et al. [20].

4.4 Motorcycle Fatalities

Motorcycles are unique vehicles. Theytravel at highway speeds like cars and trucks, but they

are less stable, harder to see, and offer less protection for riders in an accident. It is

therefore not surprising that the death rate per 100 million person miles of travel is more
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than 15 times the rate for cars. The ratio of deaths to reported injuries is twice as great for

motorcyclists as for occupants of passenger vehicles [14,21].

Percent changes of the absolute number of motorcycle fatalities are shown in Table 6.

Examination of this table reveals that all the countries under study experienced decreases in

motorcycle fatalities between 1980 and 1989. The reductions in fatalities ranged from about

6 percent in Norway to about 52 percent in the Federal Republic of Germany. The average

for Western Europe, including the eleven European countries, was about 28 percent.

4.5 Motorcycle Fatalities b e

For the road user group "Motorcyclists", the percentage share of fatalities by age are given

in Table 7. This table indicates that 50 percent of the motorcycle accident deaths in 1989

were persons "15-24" years of age. Yet, this age group makes up 15.3 percent of the

population of Western Europe. The relative importance of motorcycle deaths in the high-risk

"15-24" age group should be of major concern to the authorities that are involved in traffic

safety work and decision-making.

It should be noted that the age distributions of persons killed in motorcycle accidents may

become more meaningful if they were compared with the age distributions of the general

population. Table 8 gives motorcycle fatality rates per 100,000 inhabitants by age for 1989.

A review of this table demonstrates the following:

1) Motorcycle fatality rates vary tremendously by age. As can be expected, they are

highest for persons "15-24" years of age.

2) In 1989, the fatality rates for persons "15-24" years of age fell between 3.05

(Sweden) and 11.54 (Austria) fatalities per 100,000 inhabitants. The average value

for Western Europe as a whole was 6.65.

The differences in fatality rates may be explained, for example, by differences in the

composition of the total number of motorcycles; differences in road-using (traffic intensity

and available road length); differences in driving experiences; etc. [19].

Generally speaking, the results of Tables 7 and 8 lead to similar conclusions.

In view of the above findings, it can be concluded that persons "15-24" years of age are the

most vulnerable of all age groups as "Motorcyclists".

5. STATISTICAL SIGNIFICANCE

As previously noted, one objective of the study is to determine if there were statistically

significant changes during the period 1980-1989 in the traffic accident characteristics studied.

To accomplish this, the statistical analysis t-test (small samples, unequal variances)

concerning the difference between means was conducted for testing the significance of the

difference between means of fatalities [8-10,22]. The following time periods were considered

for analysis in each of the subject countries:

t Time period I contains the years 1980-1982 to enable us to describe the fatality

development at the beginning of the 1980's.

~ Time period II contains the years 1987-1989 to enable us to describe the fatality

development at the end of the 1980's.
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Table 9 shows the t-test results for the different age groups and road users investigated in

this study. From the table it can be seen that:

Age Group "0-14":

- Between 1980 and 1989, seven European countries experienced improvements in

traffic safety for the age group "0-14"; the improvements were significant at the 95

percent level of confidence. Austria, Denmark, Norway, and Sweden experienced

also improvements in traffic safety for this age group, but the improvements were

not significant at the 95 percent level of confidence.

Age Group "15-24":

- Between 1980 and 1989, more than half of the Western European countries

experienced improvements in traffic safety for the age group "15-24"; the

improvements were significant at the 95 percent level of confidence. Belgium and

Denmark experienced also improvements in traffic safety for this age group, but the

improvements were not significant at the 95 percent level of confidence. Norway and

Sweden were the only European countries to experience marginal deteriorations in

safety for this age group.

Age Group "25-64":

- Between 1980 and 1989, only four European countries (Austria, Federal Republic

of Germany, Italy, and the Netherlands) experienced improvements in traffic safety

for the age group "25-64"; the improvements were significant at the 95 percent level

of confidence. While Norway experienced a marginal deterioration in safety for this

age group, Denmark, on the other hand, experienced statistically significant

deterioration in safety for this age group.

Age Group "Over 64":

- Between 1980 and 1989, six of the eleven European countries in this study (Austria,

France, Federal Republic of Germany, Italy, the Netherlands, and Switzerland)

experienced improvements in traffic safety for the age group "Over 64"; the

improvements were significant at the 95 percent level of confidence. Denmark and

Sweden were the only countries to experience deteriorations in safety for this age

group, but the deteriorations were not significant at the 95 percent level of

confidence.

Road User Group "Pedestrians":

«= Between 1980 and 1989, seven of the eleven European countries in this study

(Austria, France, Federal Republic of Germany, Great Britain, Italy, the

Netherlands, and Norway) experienced improvements in traffic safety for the road

user group "Pedestrians"; the improvements were significant at the 95 percent level

of confidence. Sweden was the only country to experience deterioration in safety for

this road user group, but the deterioration was not significant at the 95 percent level

of confidence.
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Road User Group "Bicyclists":

- Between 1980 and 1989, five of the eleven European countries in this study

(Belgium, France, Federal Republic of Germany, Great Britain, and Italy)

experienced improvements in traffic safety for the road user group "Bicyclists"; the

improvements were significant at the 95 percent level of confidence. The remaining

countries experienced also improvements in safety for this road user group, but the

improvements were not significant at the 95 percent level of confidence.

Road User Group "Motorcyclists":

- The majority of the countries under study experienced improvements in motorcycle

safety; the improvements were statistically significant at the 95 percent level of

confidence.

Overall, the majority of the European countries in this study experienced improvements in

safety, which were for the most part significant at the 95 percent level of confidence, for the

different age groups and road users investigated in this study. Based on this study, it appears

that the fatality development for the different age groups and road users were most favorable

in the Federal Republic of Germany and Italy. Exceptions were Denmark which experienced

deterioration in safety for the age groups "25-64" and "Over 64"; Norway which experienced

marginal deterioration in safety for the age groups "15-24" and "25-64"; and Sweden which

experienced marginal deterioration in safety for the age groups "15-24" and "Over 64" and

the road user group "Pedestrians". Western Europe as a whole experienced statistically

significant improvements for all age groups and the three investigated road user groups.

The importance of the results in Table 9 is that they provide traffic safety authorities in the

investigated countries with a tool to:

- study the development of different fatality categories;

compare their results to those of other countries; and

- come up with recommendations for improving traffic safety, especially for those age

groups and/or road users which have experienced significant safety deteriorations.

Generally speaking, it is not the intention of the authors to go deeper in evaluating the

previous results because of significant differences that exist among the investigated countries,

such as demographic, legislative, etc. The results of the tables, such as Table 9, are

important in that they pinpoint the problem areas in traffic safety, and, hopefully, cause the

authorities responsible for traffic safety in the countries under study to concentrate more on

these troubled areas.

6. CONCLUSIONS

As a result of this study, the following conclusions can be drawn:

Age Groups:

= The age groups "15-24" and "Over 64" can be regarded as the most vulnerable

among age groups, in terms of fatalities per 100,000 inhabitants.
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Road Users:

- Pedestrians, Bicyclists, and Motorcyclists can be regarded as the most vulnerable

road users. Altogether, they account for about 40 percent of traffic fatalities.

= Pedestrian deaths represent the second largest category (after Passenger Car

Occupants) of motor vehicle deaths.

Road Users/Age Groups:

A breakdown of fatalities by age for different road users indicated that:

- Persons "Over 64" years of age are the most vulnerable of all age groups as

"Pedestrians". The same holds true for persons in this age group as "Bicyclists".

- Persons "15-24" years of age are the most vulnerable of all age groups as

"Motorcyclists". The same holds true, even though it was not shown in this study,

for persons in this age group as "Passenger Car Occupants".

Summarizing, young persons between the ages of 15 and 24 are especially at risk as

"Motorcyclists" and "Passenger Car Occupants". Persons "Over 64" years of age are

especially at risk as "Pedestrians" and "Bicyclists".

Statistical Significance:

Generally speaking, the majority of the European countries in this study experienced

improvements in safety, which were for the most part significant at the 95 percent level of

confidence, for the different age groups and road users investigated in this study. Based on

this study, it appears that the fatality development for the different age groups and road

users were most favorable in the Federal Republic of Germany and Italy. Exceptions were

Denmark which experienced deterioration in safety for the age groups "25-64" and "Over

64"; Norway which experienced marginal deterioration in safety for the age groups "15-24"

and "25-64"; and Sweden which experienced marginal deterioration in safety for the age

groups "15-24" and "Over 64" and the road user group "Pedestrians".

Western Europe as a whole, including all eleven countries, experienced statistically significant

safety improvements for all age groups and for the three investigated road user groups

"Pedestrians", "Bicyclists", and "Motorcyclists".
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PERCENT CHANGE OF FATALITIES

BY AGE GROUPS, 1980-1989

A - 39 . 5% - 15.6% - 16.9% - 25.0%

B - 29.9% - 18 . 3% - 15.2% - 31.6%

DK - 4.0% - 28.2% +11 .2% +9 . 4%

F - 47 . 8% - 22.1% - 4 .1% - 24.0%

FRG (WEST) - 61.9% - 43 . 0% - 30 . 8% - 37.9%

GB - 18 . 8% - 22.3% +0 . 1% - 7.9%

I - 59.7% - 8.5% - 28.1% - 22 . 5%

NL - 45 .3% - 36.1% - 22 . 4% - 27.3%

N - 24.2% +0 . 8% +11. 6% +16 . 0%

S - 16.9% +29 .9% - 10 . 6% +27 . 7%

CH - 47 . 4% - 22.9% - 20 . 6% - 32.5%
   

Table 1. Percent change of fatalities by age

groups, 1980-1989.

Legend: A: Austria, B: Belgium, DK: Denmark, F:

France, FRG: Federal Republic of Germany

(West), GB: Great Britain, I: Italy, NL:

the Netherlands, N: Norway, S: Sweden,

and CH: Switzerland.

 

 

 

 

   

DISTRIBUTION IN PERCENT OF

FATALITIES BY AGE GROUPS

COUNTRY 0 - 14 15 - 24 25 - 64 Over 64

A 5 . 0% 31.0% 45.9% 18 . 0%

B 4.7% 28.3% 45.0% 17.0%

DK 7.2% 23 . 6% 41.3% 27.9%

F 4.9% 28.4% 50.9% 15.4%

FRG (WEST) 4.9% 30.4% 43 . 4% 21.2%

GB 7 . 3% 28.0% 40.9% 23 . 3%

I 3 . 6% 26.6% 45.2% 20 . 0%

NL 7 . 6% 26.6% 38.7% 23 . 0%

N 6 . 6% 35.2% 35.4% 22 . 8%

S 6 . 5% 25.0% 39.3% 29 . 1%

CH 4 . 4% 28.1% 45 . 4% 22 . 1%

WE 5.2% 28 . 4% 45 . 4% 19 . 7%
 

Table 2. Distribution in percent of fatalities by

age groups, 1989.

Legend: WE -= Western Europe. It includes the

eleven European countries under study.
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DISTRIBUTION IN PERCENT OF

POPULATIONS BY AGE GROUPS

COUNTRY 0 - 14 15-24 25 - 64 Over 64

A 17.4% 15.4% 52 . 0% 15.2%

B 19.5% 16.0% 50.5% 14.0%

DK 17.5% 15.1% 51.9% 15.5%

F 20.5% 15.4% 50.5% 13 . 6%

FRG (WEST) 14.8% 14.9% 54.9% 15.4%

GB 18 .9% 15.3% 50.2% 15.6%

I 16.6% 16.1% 52 . 8% 14.5%

NL 18 . 3% 16.5% 52 . 5% 12.7%

N 18.9% 15.5% 49 .2% 16.4%

S 17.8% 13.9% 50.5% 17.8%

CH 16.0% 14.5% 55.0% 14.5%

WE 17.7% 15.3% 51.8% 15.0%
    

Table 3. Distribution in percent of populations by

age groups, 1989.

 

 

 

 

POPULATION DEATH RATE

BY AGE GROUPS

(PER 100,000 INHABITANTS)

COUNTRY 0 - 14 15 - 24 25 - 64 Over 64

A 5 . 90 41.52 18 . 24 24 . 41

B 4 . 87 35 . 61 17.92 24.39

DK 5 . 38 20 . 52 10 . 47 2 3 . 66

F 4 . 83 37.25 20 . 39 22 . 95

FRG (WEST) 4.18 2 6 . 05 10 . 09 17 . 57

GB 3 . 75 17.76 7.91 14 . 52

I 2 . 58 19 . 65 10 . 20 16 . 42

NL 4 . 10 15.85 7 . 26 17 . 82

N 3 & 15 2 0 . 58 6 . 53 12 . 63

S 3 . 90 19 . 13 8 . 27 17 . 38

CH 3 . 82 2 6.76 11.40 2 1. 00

WE 3 . 99 25.30 11.96 17.93
    

Table 4. Population death rate by age (fatalities

per 100,000 inhabitants), 1989.
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DISTRIBUTION IN PERCENT OF

FATALITIES BY ROAD

USER GROUPS

COUNTRY j B M PC T

A 18.6% 5.5% 15.7% 55.1% 3.3%

B 14.2% 10.1% 12.7% 58.3% 4.0%

DK 19.6% 14.0% 12.7% 44.8% 9.0%

F 14.0% 3.9% 15.4% 61.9% 4.4%

FRG (WEST) 20.7% 10.1% 12.0% 54.5% 1.8%

GB 31.6% 5.5% 12.6% 45.4% 4.5%

I 14.4% 6.3% 20.3% 51.8% 6.2%

NL 13.0% 22.9% 13.4% 46.6% 3.6%

N 17.8% 6.6% 11.5% 57.2% 6.3%

tS 17.1% 9 . 6% 7.1% 62.1% 3.2%

CH 15.7% 7.7% 25.2% 47.8% 3.0%

WE 18 .3% 7.3% 14.9% 54.7% 4.2%

Table 5. Distribution in Percent of Motor Vehicle

Fatalities by Road Users, 1989.

Legend: P = Pedestrians; B = Bicyclists; M =

Motorcyclists; PC = Passenger Car

Occupants; and T = Truck and Bus

Occupants.

PERCENT CHANGE OF FATALITIES

BY ROAD USERS, 1980-1989

COUNTRY MOTOR -
PEDESTRIANS BICYCLISTS CYCLISTS

A - 34 . 7% +2 . 4% - 20.1%

B - 44.2% - 16.2% - 27.2%

DK - 5.1% +11 .9% - 35.1%

F - 31.5% - 32 . 7% - 33.1%

FRG (WEST) -46.7% - 29.3% -52.1%

GB - 13.8% - 4.1%

I - 49.8% - 37.2% - 22.8%

NL - 35.6% - 21.8% - 39.3%

N - 17.1% +13 . 6% - 6.4%

S +16 .5% - 22.3% - 16.9%

CH - 44.7% - 7.8% - 14.7%

Table 6. Percent change of fatalities for

VTI RAPPORT 380A
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PERCENT OF FATALITIES

BY AGE GROUPS

FOR PEDESTRIANS

 

 

 

COUNTRY 0 - 14 15-24 25 - 64 Over 64

A 10.3% 6.5% 40 . 4% 42 . 8%

B 8 . 8% 8 . 5% 37.8% 43 .8%

DK 12.2% 9 . 2% 26.0% 52 . 7%

F 11.1% 10.1% 39.9% 38.2%

FRG (WEST) 9 . 7% 6 . 4% 33.9% 50.0%

GB 14.0% 11.9% 29 . 7% 43 . 6%

I 7.5% 5.3% 32.3% 47.7%

NL 14.2% 10.5% 32.1% 43.2%

N 20 . 6% 4 . 4% 23 . 5% 51.5%

S 9 . 0% 8 . 4% 22 . 6% 59 . 4%

CH 13 . 8% 4.1% 22 . 8% 59.3%

WE 11.1% 8 6% 33 . 7% 45.3%
f _ _' ___________ _____ __ _=_

FOR MOTORCYCLISTS

 

 

 

  

COUNTRY 0 - 14 15 - 24 25 - 64 Over 64

A 0 . 0% 54.5% 33 . 7% 12.2%

B 1.2% 55.1% 38 . 6% 5.1%

DK 1.2% 45.9% 36.5% 16.5%

F 1.3% 50.5% 42 . 0% 6 . 1%

FRG (WEST) 0 . 1% 50.5% 42.7% 6 . 6%

GB 0 . 3% 54.0% 42 . 6% 2 . 7%

I 2 . 7% 43.9% 35.0% 14.9%

NL 1. 0% 62.6% 30.8% 5 . 6%

N 0 . 0% 77.3% 15.9% 6 . 8%

S 6.3% 56.3% 21.9% 15.6%

CH 0 . 9% 40.3% 41 . 6% 17.2%

WE 1.3% 49.9% 39.2% 8 . 7%

  

Table 7. Percent

road users, 1989.
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FATALITIES PER 100,000 INHABITANTS

BY AGE GROUPS

FOR PEDESTRIANS

 

 

A 2 . 2 7 1 . 62 2 . 99 10 . 82

B 1 . 30 1 . 52 2 . 14 8 . 95

DK 1 . 79 1.56 1 . 28 8 . 73

FE 1 . 53 1 . 85 2 . 24 7.95

FRG (WEST) 1.72 1 . 12 1 . 62 8 . 55

GB 2 . 28 2 . 38 1 . 82 8 . 58

I 0 . 77 0 . 56 1 . 05 5 . 63

NL 1 . 00 0 . 82 0 . 79 4 . 36

N 1 . 76 0 . 46 0 . 77 5 . 0 8

tS 0 . 93 1 . 10 0 . 82 6 . 08

CH 1 . 87 0 . 62 0 . 90 8 . 85
 

f-

FOR MOTORCYCLISTS

~]WBE 1.56 1 . 40 & 62 & 53

r__ 'T__ __'__ _ _ _

 

 

 

  

A 0 . 00 11.54 2 . 10 2 . 60

B 0 . 16 8 . 84 1.96 0 . 94

DK 0 . 11 5 & 06 1 . 17 1 . 77

F 0 . 20 10 . 19 a . 58 1.39

FRG (WEST) 0.01 5 . 17 1 . 19 0 . 65

GB 0 . 02 4 . 33 1 . 04 0 . 21

I 0 . 40 6 . 59 1 . 60 2 . 48

NL 0 . 0 7 5 . 00 0 . 77 0 . 59

N 0 . 00 5 . 22 0 . 34 0 . 44

S 0 . 26 3 . 05 0 . 33 0 . 66

CH 0 . 19 9 . 68 2 . 63 4 . 12

WE 0 . 15 6 . 65 1 ., 54 1 . 18

  

Table 8. Fatalities per 100;OOO inhabitants by age for
different road users, 1989.
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TIME PERIOD I- II

(1980,81,82 - 1987,88,89)

A B DK F FRG GB I NL N 5 CH WBE

AGE

GROUPS :

0 - 14 O X O X X X X xX O O X X

15 - 24 pre O O X X X X X - - X X

25 - 64 X O + O X O xX pe - O O X

Over 64 x O - X pe O X p'e O - X P<

ROAD

USERS :

P X O O X X KX X XK X - O X

B O XK O X X X X O O O O

M X X O X X X X O O O X X
 

Table 9. Summary of findings (t-tests).

Legend: x : Significant improvement in safety; o -: Marginal

improvement in safety; - : Marginal deterioration in safety;

+ : Significant deterioration in safety; P : Pedestrians; B

Bicyclists; and M : Motorcyclists.
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THE IMPACT OF UTC ON ROAD SAFETY, WITH PARTICULAR

REFERENCE TO PEDESTRIANS

by John Hunt

School of Engineering, University of Wales College of Cardiff

ABSTRACT

While the traffic control and delay minimisation benefits of UTC systems such

as SCOOT and TRANSYT have been clearly demonstrated, the road safety

implications and effects on other road users are less well established. For

example the additional constraints, imposed by UTC, on response to pedestrian

demand at signal controlled crossings may increase pedestrian delays which in

turn could influence risk taking. Local Highway Authority Engineers sometimes

quote specific examples of perceived changes in accident frequency

accompanying or following the installation of a UTC system.

The main objective of the study described in this paper was to assess any

SCOOT effect on safety. Appropriate accident statistics for six areas were

examined and any differences in the data for the periods before and after the

installation of SCOOT were identified. The significance of any changes in

accident frequencies were assessed in relation to accident trends in selected

control areas.

The raw accident/casualty data for each individual SCOOT area provided no

clear evidence of any change in accident/casualty frequency as a consequence

of the installation of SCOOT. In some areas there was some evidence of a

temporary increase in accident/casualty frequency in the period, immediately

following the installation of SCOOT. Analysis using GLIM to fit models for each

individual SCOOT area based on the assumption that any SCOOT effect is

multiplicative showed no consistent SCOOT effect for either the period

immediately following installation or longer term. Differences in safety

performance between areas which have installed SCOOT merit further study;

the apparent reduction in accident/casualty frequencies in Southampton

following the introduction of SCOOT may be related to operating practices

which could be usefully implemented elsewhere.

There was no evidence that SCOOT has increased the frequency of pedestrian

accidents or accidents at Pelican and Zebra crossings in comparison with the

selected control areas. There was limited evidence that pedestrian safety in

areas operating SCOOT has improved less rapidly than for all A roads with 30

or 40 mph speed limits in Southern England.
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THE IMPACT OF UTC ON ROAD SAFETY, WITH PARTICULAR REFERENCE

TO PEDESTRIANS

John Hunt

Senior Lecturer

School of Engineering, University of Wales College of Cardiff

1. INTRODUCTION

Urban Traffic Control systems are now used in many cities throughout the

world. In the United Kingdom SCOOT [1] was developed by the Transport and

Road Research Laboratory in association with the traffic signal companies to

provide an on-line Urban Traffic Control System. Following extensive trials in

Glasgow and Coventry, SCOOT has become accepted, both in the United

Kingdom and overseas, as a system which produces significant savings in

vehicle delay when compared with fixed cycle systems such as TRANSYT [2].

Widespread acceptance of the benefits of SCOOT, in terms of reduced vehicle

delay and congestion, is demonstrated by the growing number of towns and

cities with operational systems; in early 1990 it was estimated that more than 40

systems had been installed.

While the traffic control and delay minimisation benefits of UTC systems such

as SCOOT and TRANSYT have been clearly demonstrated, the road safety

implications and effects on other road users are less well established with Local

Highway Authority Engineers sometimes quoting specific examples of

perceived changes in accident frequency accompanying or following the

installation of a UTC system.

SCOOT operates by detecting traffic on street and calculating signal timings to

pass the traffic through the network with minimum delay and stops. To the

typical vehicle occupant traffic under SCOOT control may appear no different

from that under the control of a fixed time UTC system, or unlinked junction

signals. However, more perceptive road users may note that signal timings

under SCOOT control are less predictable than under fixed time. The effect on

other road users, such as pedestrians, is unclear. For example, more efficient

vehicle control at junctions may facilitate the introduction of a pedestrian stage

but the additional constraints, imposed by UTC, on response to pedestrian

demand at mid block pedestrian crossings may increase pedestrian delays

which in turn could influence risk taking.

Modern traffic management places safety high on the list of priorities.

Generally it is believed that clearer and more effective control of traffic will

reduce accident frequency. The possible impact of SCOOT on accident

frequency is uncertain in the absence of reliable data. Southampton Council

[3], in preparing a case for the installation of SCOOT, assumed a reduction of

personal injury accidents of 14%. An unpublished report by Maher [4] on behalf

of TRRL, following concern about an apparent increase in fatal/serious

accidents after the installation of SCOOT in Westminster in 1983, found no

statistically significant differences between the safety record of SCOOT and

that of the fixed time UTC system in the adjacent area in London. Maher noted

that comparisons were confused by a possible change of police recording

procedures for serious accidents.
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A number of Authorities installed SCOOT systems in the early part of the

1980's. These systems have now been in operation for a number of years and

provide sufficient data to form the basis for a more comprehensive evaluation of

road safety in areas under SCOOT control. This evaluation has been described

by Hunt et al [5] and is summarised in this paper.

2. SCOPE OF THE STUDY

The areas chosen for the study were self selecting on the basis of the time

period which has elapsed since the installation of SCOOT. The six areas were

Worcester,

Westminster (London),

Maidstone,

Southampton,

Cambridge and

Coventry.

The majority of the data used in the study covered the period from 1979 to

1987.

The main objective of the study was to assess any SCOOT effect on safety by

examining appropriate accident statistics for the above areas and identifying

any differences in the data applying to the periods before and after the

installation of SCOOT. The accident statistics chosen for the study were -

total accidents,

accident severity, also expressed as the proportion of fatal and serious

casualties. .
pedestrian accidents, also expressed as the proportion of pedestrian accidents,
and
accidents at pedestrian crossings (excluding pedestrian stages at junction
signals).

The last two categories were included because there is some evidence [6] that
pedestrians may be disadvantaged at midblock crossings in areas where UTC
is introduced.

The procedure adopted for the study involved defining a rectangle, based on
Ordnance Survey co-ordinates, enclosing one of the chosen areas as shown in
Figure 1. Polygons were then defined within each rectangle to enclose all UTC
nodes (any non UTC nodes which were present in the polygon would also be
included). Within each polygon a route was defined to include all classified A
roads; the route usually contained most, if not all, of the UTC nodes. The
hierarchy for accident data was:

route
polygon - not including data for route
rectangle - not including data for polygon or route.

A direct comparison of accident data, for periods before and after the
installation of SCOOT, provides an indication of safety trends; any changes
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may be attributed to SCOOT provided all other circumstances remain constant.

However, in practice, circumstances change and accident frequency may

fluctuate for a variety of reasons, for example changes in traffic management,

road construction etc., which are not directly associated with the installation of

SCOOT. Accordingly a number of control areas, to provide a basis for

comparison, were included in the study. As with the SCOOT areas, the control

areas were essentially self selecting; there are few areas without UTC, and with

characteristics at least superficially similar to the SCOOT areas. The areas

chosen as possible controls were -

Southend

Exeter,

St. Albans,

Bedford,

Preston,

Westminster (an area adjacent to the SCOOT area)

Preston and Westminster had fixed plan (TRANSYT) UTC control for most of

the period under consideration.

In order to provide a basis for assessment of accident trends in a wider context,

accident and casualty data have also been tabulated for A roads with 30 or 40

mph speed limits in an area of Southern England selected to include all SCOOT

and control areas with the exception of Preston.

The number of nodes, specified as Pelican or junction signals is shown for each

of the areas included in the study in Table 1. The Table also gives the total

numbers of accidents and casualties for each of the areas for the period under

consideration. The population of each area is also shown but is provided for

general guidance only; population data were not readily available for areas

specified for inclusion within the boundaries used for accident tabulations. The

areas included in the study ranged from smaller towns such as Worcester and

Bedford to larger urban areas such as Southampton, Coventry, Southend and

Preston.

3. THE DATA

As a background to overall comparison, corresponding data for the period 1974

to 1987 for A roads with 30 or 40 mph speed limits in the area of Southern

England were also collated. The accident data for this area demonstrated that

there was a decrease in accident frequency and casualties over the period for

all categories except accidents at Pelican and Zebra crossings. The large

increase in accident frequency for the latter category was attributable to the

way in which the data were recorded and processed by the Police. The

reporting procedure for "accidents at Pelican and Zebra crossings" changed

with the introduction of a new procedure in 1979; prior to 1979 only those

accidents relating specifically to pedestrians were included while subsequently

personal injury accidents in which pedestrians were not involved were also

included. The time at which the new reporting procedure was implemented

varied, e.g. the London Metropolitan Police changed their procedure in January

1982 while West Midlands Police changed in January 1980.
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The tabulated data for each area were considered in detail and the following

conclusions drawn.

WORCESTER

There was a high increase in accidents along the co-ordinated route, in

comparison with other areas in Worcester, over the period immediately

following the installation of SCOOT. Some remedial measures were taken by

Worcestershire County Council at particular locations where the 1985 accident

frequency appeared to be high; accident frequency was reduced in 1986 and

1987.

WESTMINSTER

There was no clear trend in either total or pedestrian accidents. The frequency

and proportion of fatal/serious casualties appeared to increase for both the

SCOOT and non SCOOT part of the network but this may be attributed to

changes in police reporting procedures. Similarly a change in police reporting

procedures may account for an apparent increase in accidents at Pelican and

Zebra crossings for the period from 1982.

MAIDSTONE

Again there was no clear trend in either accident or casualty frequencies over

the assessment period.

SOUTHAMPTON

The data indicated no substantial change in accident or casualty frequencies

following the introduction of SCOOT. Overall for both SCOOT and non SCOOT

areas there appeared to have been slight decreases in pedestrian accidents

and fatal/serious casualties in the period following the installation of SCOOT.

CAMBRIDGE

There was no evidence of a substantial change in accident or casualty

frequencies following the installation of SCOOT.

COVENTRY

For the rectangle the frequency of both total accidents and pedestrian

accidents decreased over the period 1974 to 1987. A similar decrease was

less evident for the SCOOT areas. Fatal and serious accident frequency

appeared to increase substantially in 1980 but there is an inference that the

basis of the data may have changed, as for example with a change in reporting

procedure.

4. DATA ASSESSMENT

Overall, the data for the study areas provided little or no evidence of any

substantial variation in accident or casualty frequency as a result of the

installation of SCOOT. An overview of any changes in accident or casualty

frequency requires a consistent basis for any comparisons which are to be
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undertaken. In particular it is desirable to establish common time periods to

represent pre SCOOT and post SCOOT data in order that inherent annual

fluctuations in accident data are eliminated. This was made difficult for the

current study by the varying dates when SCOOT was installed in each of the

study areas. Accordingly it was necessary to divide the time period as below:

1979 - 1981 inclusive pre SCOOT

1982 - 1984 inclusive SCOOT installation

1985 - 1987 inclusive post SCOOT

Figures 2 and 3 show a pre and post SCOOT comparison of accident and

casualty frequencies for SCOOT and control areas. Figure 2 is based on route

+ polygon and so includes all SCOOT nodes and some non SCOOT nodes.

Figure 3 is based on route only and so includes fewer non SCOOT nodes but

excludes some SCOOT nodes. For each before and after pair of pies, the pie

size is proportional to the accident/casualties frequency so that a reduction in

pie size represents a reduction in frequency or vice versa. The share of the pie

attributable to SCOOT and control areas is indicated by the division within each

pie. The Figures indicate that -

()the proportion of accident/casualty frequencies for the SCOOT and control

areas does not change substantially in the pre and post SCOOT periods,

indicating that similar trends have occurred in the SCOOT and control areas,

(ii)total accidents, pedestrian accidents and fatal/serious casualty frequencies

show an increase for 1985-87 compared with 1979-81; this contrasted with a

decrease over the same periods for data for Southern England.

Frequencies for fatal/serious casualties and accidents at pedestrian crossings

may have been affected by changes in reporting procedure.

Tables 2 and 3 show for route + polygon, and route only respectively the

percentage change in accident/casualty frequency for 1985-87 compared with

1979-81 for each SCOOT and control area. Bedford, where SCOOT was

installed in 1986-87, is excluded from these Tables because of its change of

status during the assessment period 1985-87. The percentage change for A

roads with 30 or 40 mph speed limits in Southern England is included for

comparison in Table 3. In each subdivision of the Tables, the areas are placed

in descending order of percentage increase in accident/casualty frequency i.e.

those areas with the greatest increase in accident/casualty frequency appear at

the top of each Table. The distribution of areas through each of the Tables

appears to be independent of whether they represent SCOOT or control. It

should however be noted that Southampton appears consistently near the

bottom of each of the Tables. The rank test for independent samples [7]

indicated that there was no significant difference between the SCOOT and

control areas.

There was however some indication that total accidents increased for both

SCOOT and control areas over the period under consideration while total

accidents on A roads with a 30 or 40 mph speed limit in Southern England

decreased. There was also an indication that some SCOOT areas, such as
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Southampton, showed a consistent substantial reduction in accident/casualty

frequencies while others, such as Cambridge, showed an increase.

Further more rigorous statistical analysis was undertaken using the GLIM

statistical package [8] to estimate the SCOOT effect on the accident/casualty

frequency for each study area. Models, in which it was assumed that the effect

of treatment (SCOOT) is multiplicative, were set up using a before/after factor,

a study/control factor and a treatment/no treatment factor. Using the models it

was possible to assess the significance of the treatment (SCOOT effect) when

variation due to before/after and study/control had been allowed for.

The GLIM analysis indicated a significant (at the 5% level) SCOOT effect for

very few categories of accident data in any single area: For total accidents, for

which the control and SCOOT area data are highly positively correlated in the

period before SCOOT was installed, the GLIM estimates and 95% confidence

limits for the longer term SCOOT effect for each SCOOT area are shown below

based on analysis for the route only and the appropriate combined control area

(*For Cambridge separate data for the route were not available while for much

of Coventry, compatible control data were not available).

 

 

Area SCOOT effect

Estimate 95% Confidence limits

WORCESTER 1.04 0.85 to 1.27

WESTMINSTER 0.91 0.83 to 1.01

MAIDSTONE 0.78 0.62 to 0.99

SOUTHAMPTON 0.70 0.59 to 0.84

CAMBRIDGE* 1.10 0.97 to 1.25

COVENTRY Polygon 3* 1.05 0.72 to 1.54

(1.0 represents a neutral effect, values above 1.0 represent an increase)

The SCOOT effect was significant in the case of Southampton and Maidstone

where the installation of SCOOT was followed by a decrease in accident

frequency. The results for other accident/casualty categories in Southampton

showed a similar decrease to that quoted above.

An assessment using GLIM of the effect of SCOOT based on aggregated data

for the SCOOT areas, and for the control areas for the before SCOOT

installation period (1979-81) and the after SCOOT installation period of (1985-

87) indicated a small reduction in frequency for all categories except fatal and

serious casualties and the proportion of fatal and serious casualties. The GLIM

estimates and 95% confidence limits are shown below:
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Combined SCOOT/Combined Control

  

 

Accident/casualty categories . SCOOT effect

Estimate 95% Confidence limits

Total accidents 0.95 0.87 to 1.02

Fatal/serious casualties 1.11 0.93 to 1.32

Proportion of fatal/serious casualties 1.21 1.00 to 1.47

Pedestrian accidents 0.90 0.79 to 1.03

Proportion of pedestrian accidents 0.92 0.78 to 1.09

Accidents at Zebra + Pelican crossings 0.98 0.77 to 1.24

The apparently alarming effect for fatal and serious casualties was mainly

attributed to the Westminster area in London and was almost certainly the

effect of changes in reporting procedure rather than a SCOOT effect.

A similar assessment using GLIM but replacing the combined control area with

data for A roads with a 30 or 40 mph speed limit in Southern England yielded

rather different results. It was however considered that the combined control

area, which represents an aggregation of areas selected as having similar

characteristics to the SCOOT areas, provides the more reliable basis for

assessment of any SCOOT effect.

5. CONCLUSIONS

1. The raw accident/casualty data for each individual SCOOT area provided no

clear evidence of any change in accident/casualty frequency as a consequence

of the installation of SCOOT. In some areas e.g. Worcester there was some

evidence of a temporary increase in accident/casualty frequency in the period,

immediately following the installation of SCOOT.

2. The rank test for independent samples, when applied to accident/casualty

data for the study areas, indicated no significant difference between SCOOT

and control areas.

3. Analysis using GLIM to fit models for each individual SCOOT area based on

the assumption that any SCOOT effect is multiplicative showed no consistent

SCOOT effect for either the period immediately following installation or longer

term. For some areas SCOOT appeared to decrease accidents/casualties

while in others there appeared to be an increase.

4. Of the individual SCOOT areas, Southampton showed a consistent

reduction in accident/casualty frequency following the installation of SCOOT.

The SCOOT installation in Cambridge, in contrast, had an apparently adverse

effect on road safety. Differences in safety performance between areas which

have installed SCOOT merit further study; the apparent reduction in

accident/casualty frequencies in Southampton following the introduction of

SCOOT may be related to operating practices which could be usefully

implemented elsewhere.

5. There was no evidence that SCOOT has increased the frequency of

pedestrian accidents or accidents at Pelican and Zebra crossings in comparison

with the selected control areas. There was limited evidence that pedestrian
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safety in areas operating SCOOT has improved less rapidly than for all A roads

with 30 or 40 mph speed limits in Southern England.
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Abstract

In 1990, 229 child pedestrians were killed and a further 21172 were injured

in road traffic accidents in Great Britain. Almost a quarter (22.5%) of deaths

in the age group 5-14 years resulted from a traffic accident, compared to

10.9% as a result of other types of injury, and 66.6% as a result of non-

injuries. Child pedestrian casualties make up by far the largest group of

casualties to children on the roads of Britain. In 1990, 5545 child

pedestrians were killed or seriously injured, compared to 1510 children who

were passengers in or on motor vehicles, and 1295 children who were riding

pedal cycles.

The importance of such figures is increasingly being recognised by safety

researchers and practitioners and a considerable amount of work is being

undertaken to establish ways of reducing this annual toll. This paper draws

together research from a number of sources, both in Britain and elsewhere

in Europe, and aims to identify some of the principle characteristics and

circumstances of child pedestrian accidents. Existing patterns of child

pedestrian accidents such as their time of day of occurrence, age and gender

of those involved, their locations, and differences between countries are

examined. Consideration is given to work which has been undertaken on

children's exposure, accident risk and behaviour. The paper also outlines the

major contributory factors involved in child pedestrian accidents, both from

the point of view of the driver and the child, using results from a recent

major study undertaken in Leeds. Comparisons are made between this and

other recent work on accident causation.

The paper concludes by summarising the major problems facing child

pedestrians as road users and considers the solutions currently open to

researchers, policy makers and practitioners to resolve these problems. The

implications of such solutions on children themselves, on their parents, and

on other road users are examined.
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1. INTRODUCTION

In 1990, 229 child pedestrians were killed and a further 21172 were injured

in road traffic accidents in Britain (DTp., 1991). Almost a quarter (22.5%)

of deaths in the age group 5-14 years resulted from a traffic accident,

compared to 10.9% as a result of other types of injury, and 66.6% as a result

of non-injuries. Child pedestrian casualties make up by far the largest

reported group of casualties to children on the roads of Britain. In 1990,

5545 child pedestrians were killed or seriously injured, compared to 1510

children who were passengers in or on motor vehicles, and 1295 children who

were riding pedal cycles.

This paper outlines some of the current patterns of accidents to child

pedestrians, examines the accident risk associated with this group of road

users, and looks at some of the reasons why such accidents are occurring.

Potential solutions which could be used by policy makers to resolve such

problems are discussed and the implications of these on the children, their

families and other road users are considered.

2. ACCIDENT INVOLVEMENT OF CHILD PEDESTRIANS

There are a number of important patterns which can be established from

examination of child pedestrian accident records. Some of these are

identified below:

2.1 Time of occurrence

In Britain, accidents to child pedestrians typically happen at certain times

of the day. There is a noticeable weekday peak in the morning between 8

and 9 am, and a second much longer peak in the early evening between 3

and 6 pm, which then rapidly tails off into the night. This evening peak

typically contains around 50% of the accidents. The pattern on holidays and

weekends is somewhat different with no morning peak (very few accidents

happen before about 10am), and a much longer afternoon peak lasting from

about midday to 4 or 5 o clock. In the summer months there is a tendency

for a higher proportion of accidents to occur later in the evening than in

other months, no doubt as a result of children being allowed to stay out later

in the evening when it is light. While the distribution of accidents

throughout the day is related to the distribution of times at which children

make most use of the roads, the use of exposure alone is not sufficient to

explain all of the variation in accidents, in particular the afternoon peak on

weekdays.
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2.2 Age and gender

Overall it can be shown that boys have appreciably more accidents than girls,

and that the extent of this difference depends upon the age of the children

involved. Generally, between the ages of 0 and 4 years, boys and girls have

similar numbers of accidents. The same is also true from about age 9 or 10

to 15 years. However, between the ages of roughly 4 and 9 years boys are

involved in substantially more accidents than girls. As with time of day,

exposure can be used to explain some of this difference, but other factors

such as behaviour and sexual stereotyping also play an important part.

2.3 Location of accidents

The majority of child pedestrian casualties (97.7% in Britain in 1990) occur

on urban roads and a large proportion occur very close to the home of the

child involved. A study by Grayson (1975) in the County of Hampshire

showed that about 60% of children were knocked down within a quarter of

a mile of their home. Similar results were found in a study by Tight (1987)

of child pedestrian accidents in parts of 5 urban areas in Britain. A study

by Southwell et al (1990) showed that most children involved in urban

accidents (87.7%) were familiar with the location of their accident. Studies

have shown that approximately one third of child pedestrian accidents

involve a child being masked by a parked vehicle. Another characteristic of

child pedestrian accidents is a tendency to be distributed widely throughout

urban areas, on all types of road, and very often in ones and twos in a

seemingly random pattern. Such a characteristic makes them very difficult

to treat as part of a blackspot programme of remedial works.

2.4 Accompaniment

The study by Southwell et al (1990) showed that in a sample of child

pedestrian accidents occurring in Leeds 37% of the children involved in the

accidents were alone, 52.8% were with other children and 10.2% were with

adults. Similar findings were shown by Grayson (1975) in Hampshire with

44% of children alone, 44% with another child and 12% with adults. In the

Leeds study in most cases when the children were with other children they

were only very rarely in groups of more than 2 or 3. A study in Denmark

(Wallin, 1979) showed that few children were accompanied by adults even

when they were as young as 4 years old, and work in the UK (Sadler, 1972)

has shown that children as young as 2 years are allowed to use the streets

alone.

2.5 Reason for using the street at the time of the accident

Studies have shown that about a quarter of children were travelling to or

from school at the time of their accident (Tight, 1987). Another important

use of the roads by children is for play activities. Grayson (1975) has shown

that about one-third of pre-school age children in his study in Hampshire

were playing in the street at the time of their accident. The study by
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Southwell et al (1990) showed 14% of all children involved in accidents were

playing at the time of their accident. Grayson also showed that 21% of male

child pedestrian casualties compared to only 11% of female child pedestrian

casualties were playing in the street at the time of their accident.

2.6 Crossing Behaviour

Most child pedestrian accidents occur when the child is intent on crossing the

road. The Southwell et al (1990) study in Leeds showed that 96.1% of the

accidents occurred when the child was walking along or crossing the road.

The remaining 3.9% occurred on the pavement. Importantly, 33% of the

children indicated that they did not stop at the kerb or alongside a parked

vehicle before crossing the road. In addition, 37% (which includes a number

who did not stop at the kerb), did not look to see whether the road was clear

before crossing, and a further 19% admitted that they had only looked in one

direction.

The Grayson (1975) study found that 40% of the children involved in

accidents claimed to have stopped at the kerb prior to entering the road,

while as many as 80% of children who were attempting to cross the road

were reported to have been running at the time. A study by Tight (1987) of

the wording used to describe accidents by the attending police officers

showed that only about 7% of these descriptions gave any indication that the

fault in the accident was anything other than the child's (usually fault on the

part of the driver was only indicated where a driver had violated a red light

at a pelican crossing). Substantial numbers ofthe accident descriptions were

of the form "the child ran out in front of the vehicle, the vehicle had no

chance of stopping".

2.7 Other characteristics

In the Southwell et al (1990) study, 72.8% of the children involved stated

that they did not see the vehicle before it hit them. A number of reasons

were given for this, but the most frequent (17.5%) was a parked vehicle

blocking the view. Of particular concern is the fact that 4.6% of children in

this study stated that they had been knocked down previously in a road

accident in the preceding 5 years.

3. ACCIDENT RISK

Measures of accident risk are derived by dividing the number of accidents

occurring to a particular group in the population by some measure of

exposure, or the "amount of opportunities for accidents" (Chapman, 1973).

There are numerous measures of exposure which can be used to derive

indicators of risk for pedestrians. Perhaps the most commonly used is the

number of accidents per head of population. However, other measures are

sometimes used such as the number of accidents per unit distance travelled
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or per road crossed, though it is generally harder to obtain reliable data on

these.

Examination of the document Road Accidents Great Britain shows that over

the last 20 years the rate of accidents per head of population for pedestrians

has generally been decreasing. However, the pattern differs for various age

groups of pedestrians. In particular the 10-14 year age group between the

years 1980-1985 showed a steady increase in accident rate, although this has

subsequently reverted to an overall decline after 1985. It is interesting to

note, however, that while for much of the last 20 years the age group 5-9

years had by far the highest pedestrian accident rate, the situation has

recently changed with the 10-14 year age group since about 1985 having

much the same or even a slightly higher accident rate. It is also important

to note that these two age groups now have between 3 and 4 times the rate

of accidents per head of population as the 20-59 age group.

Measures of accident risk give us the opportunity to make some interesting

comparisons between different countries of the world. It is interesting that

while the UK has a reasonably enviable record in the world in terms of

overall measures of road safety, this picture hides the fact that in terms of

pedestrians, and particularly child pedestrians, the situation is not nearly so

good. Figure 1 shows the number of fatalities per head of population for

different age groups of child pedestrians in the UK, the Federal Republic of

Germany, France and Sweden. It can be seen that the situation in the UK

is appreciably worse than in any of the other countries for both the 6-9 and

10-14 year age groups. Compared to Sweden the UK has at least twice the

death rate for each of the age groups considered.

There is rather less information relating to risk for particular groups of child

pedestrians in certain types of locations and circumstances. One particular

study by Tight (1987) examined the risk to child pedestrians of being

involved in a road accident on journeys to and from school using various

types of exposure measure, including the distance walked, numbers of roads

crossed and the time spent in the road environment. Results from this

showed the following:

- Accident risk is higher on journeys home from school compared to

journeys to school.

- Accident risk was found to be ten time higher per road crossing for

children when crossing main roads compared to other roads.

- Accident risk was three times higher when crossing main roads not

using a crossing facility compared to crossing using a facility.

- Accident risk was about twice as high within 0.5km of schools

compared to greater than 0.5km from schools.
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Such findings, combined with a knowledge of the absolute numbers of

accidents, are potentially very useful in devising measures aimed at

preventing road accidents.

4. ACCIDENT CAUSATION

In order to obtain an accurate idea of what went on in an accident, and the

particular roles which each of the participants played, it is necessary to

obtain more detailed information about accidents than is normally available

from the traditional police sources, such as Stats 19 in Britain. Such in-

depth studies of accident causation are relatively rarely carried out, largely

as a result of the expense and time involved. Notable and large scale in-

depth studies were undertaken in the United States (Treat, 1980) and in

Britain (Staughton and Storie, 1977) in the mid 1970s. A more recent urban

based study was undertaken by the Institute for Transport Studies at the

University of Leeds. The detailed findings of this study have been published

in three separate reports (Carsten et al, 1989; Southwell et al, 1990; and

Tight et al, 1990). This study sought to define the main contributory factors

in a sample of road accidents which occurred in Leeds during 1988. A total

of 1254 accidents were studied using information from a variety of sources.

These were police accident information, interviews with the principal

participants in each of the accidents, and visits to accident sites. On the

basis of this information the team of researchers tried to establish the roles

of each of the individual participants involved in the accidents.

In this particular study a contributory factors was considered to be:

"a road user or traffic systems failure without which the

accident would not have happened".

It was necessary for such a study to have a standard against which to

determine whether or not a road user was an innocent party in an accident

(i.e. made no failure), or whether they had played an active role in the

accident's occurrence. The standard which was used in this study was the

concept of the reasonable road user, which was defined as someone who was

"at all times sober, alert, attentive to road use, and performing

to high but not unusual standards of good defensive road use'".

It was considered that this standard represented in reality a road user who

was somewhat better than the average. It is also important to note that all

road users, regardless of age or experience, were held to the same standard.

The sample of 1254 accidents in this study involved a total of 2454

participants. Of these, 166 (6.8%) were found to be child pedestrians. The

results showed that relatively few types of contributory factors could be used

to explain child pedestrian involvement in these road accidents. Just under

80% of the child pedestrians were considered to have failed to yield to traffic
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(in a situation where it was felt that the reasonable road user would have

yielded). The factors which explained this failure were largely errors of

perception on the part of the child e.g. the child failed to look properly prior

to entering the road, or the child looked but did not notice a vehicle

approaching. A rather smaller, though still important, proportion of the

failures to yield were as a result of a cognitive error where the child saw a

vehicle approaching, but misjudged the speed of the vehicle or its distance

from the crossing location. It was also shown that there were three principal

reasons for the perceptual errors, which were firstly distraction from the

crossing task, secondly 'thoughtlessness', and thirdly the child being in a

hurry.

One other factor of note which this study showed was that 'insufficient

parental control' (this included both inadequate supervision by an adult who

was present, and non-existent supervision) was considered to be a

contributory factor in 13% of child pedestrian accidents.

5. DISCUSSION

Traditionally approaches to reducing the levels of child pedestrian accidents

have come under the headings of enforcement, engineering and education, or

the "3 E's" as they are colloquially known. Each of these has a valid role to

play in preventing the occurrence of the kinds of accident situations

described above and in many cases some well coordinated combination of

these measures is likely to have the most effect. Considering the

characteristics and circumstances of child pedestrian accidents as described

above a number of particular types of recommendations come to mind which

are outlined below.

5.1 Educational programmes

Programmes which focus upon a particular activity such as the journeys to

and from school are likely to have more effect on children than those which

are much more general in nature. Much work has been done by previous

researchers on the effectiveness of educational campaigns, and while it is

true to say that there still remains considerable doubt about their overall

effectiveness, there is general agreement that the more focused and realistic

the training the better, and in particular the training should be based around

real features from the child's everyday environment to which he/she can

relate (see for example work by Colbourne, 1971 and Rothengatter, 1981).

Given the distribution of child pedestrian accidents throughout the day and

the relative risks associated with certain times of day, educational

programmes which are aimed at certain peak periods such as the journeys

to and from school could be expected to produce considerable benefits. Such

programmes could take the form of parental and schools based training

programmes aimed at creating a better awareness in children of the specific

dangers of travelling to and from school. Such measures could possibly be

combined with planning and engineering measures aimed at making routes
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heavily used by children safer. Another particular training need which can

be identified from the descriptions above of child pedestrian accident

characteristics is to train children how to cross roads safely from behind

parked vehicles. Given current traffic levels and patterns of parking

behaviour it is realistic to suppose that advice along the lines of 'cross away

from parked vehicles' is no longer going to be satisfactory or feasible to

comply with for most children.

5.2 Engineering techniques

For any given location these probably have the most potential for reducing

the numbers of accidents, though it has to be borne in mind that such

measures are often expensive and the number of locations which can be

treated in such a way are limited. A lot of work is currently focusing around

ways of reducing vehicle speeds, particularly in residential areas where large

numbers of children are likely to be encountered. Recent Department of

Transport figures have publicised the fact that the likelihood of a pedestrian

being killed in an accident increase dramatically with the speed of the

colliding vehicle. At 20 mph very few pedestrians are killed, and most

injuries are slight, at 30 mph many are seriously injured, and half are killed,

while at 50 mph most are killed. Traffic calming schemes are now becoming

quite common in a number of European countries, and parts of the

residential road network are now being slowly clawed back for use by

pedestrians and cyclists as well as motorised vehicles. Particular locations

where it would be worthwhile focusing such traffic calming measures would

be outside schools where large numbers of children must use the roads by

necessity and where accident risk has been shown to be high. Such

measures need not operate full time, but given our increasingly technology

orientated road environment it should be possible to create means of calming

traffic in an area surrounding a school for the periods of the day when there

is greatest need.

Perhaps more difficult to solve is the high risk faced by children on the main

road network. Here, maybe it is necessary to rely on accompaniment by

adults to enable children to cross and use such roads where crossing facilities

are not available. However, the effects of such a policy on parents/guardians,

and perhaps more importantly on the children themselves in terms of a

restriction to their freedom, needs to be considered very seriously.

In general it is reasonable to suggest, that from the point of view of

improving child pedestrian safety, there is a need for substantial changes to

be made to our current urban environment so that restrictions are placed

upon the amount of use made by the motor car of certain parts of the urban

environment and particularly the speed at which vehicles are currently

travelling.
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6. CONCLUSIONS

In the early 1970s a lot of pioneer work was undertaken on the nature and

causes of child pedestrian accidents in Sweden by Stina Sandels. She

summarised a lot of this work in a book published in 1975 which contained

the following quote:

"......1t is impossible to adapt fully small children (under 10

years) to the traffic environment. They are biologically

incapable of managing its many demands." (Sandels, 1975,

p147).

The implication of this seems to be that there is a limit to the amount of

accident savings which can be achieved through measures which rely only

upon training children to behave safely. Certainly, such training is useful

in terms of providing children with the knowledge to behave safely in the

road environment, and no doubt has and will continue to result in accident

savings. However, what seems to be needed now is a coordinated approach,

which considers other less direct means of reducing child pedestrian

accidents. Already there are large numbers of engineering schemes which

are helping to substantially reduce the numbers of accidents to all road user

groups in certain locations. Nowadays, a lot of emphasis is being placed

upon speed reducing measures, especially in residential areas. What seems

to be lacking from this coordinated approach is any attempts to change driver

behaviour, other than through engineering means. If Sandels' view is

accepted, then it must be accepted that despite training and educational

measures young children are going to continue, on occasions, to behave

unpredictably in the road environment. Consequently, if accidents are to be

prevented from occurring in such circumstances something must be done to

change driver behaviour, to the extent that they are able to avoid children

who enter the road suddenly and unexpectedly. The only way to do this

seems to be change the current attitude of many drivers, that it is safe to

drive along our urban residential streets (often containing parked vehicles)

at speeds of 30 mph or more. Work by Howarth and Lightburn (1980)

looking at the ways in which drivers and child pedestrians interact on urban

roads showed that in a potential collision situation it was almost invariably

the child who had to take evasive action. Drivers would assume that the

child would get out of the way and leave any evasive action they may be

willing to take until well after it was too late to avoid the accident occurring

given their speed and trajectory.

It is interesting that recently, the British Department of Transport in a

document entitled 'Children and roads: a safer way' (DTp, 1990) made the

following statement:

"......however much we do to make roads safer and to persuade

drivers to drive more carefully, the road will still be a

dangerous place, and there will still be many places where
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children have to cope with fast moving traffic. Children must

learn to cope with this danger."

This implies that the emphasis for reducing accidents is still firmly being

placed upon children. The statement seems to be completely at odds with

Sandels' conclusions. In the seventeen years since Sandels first published

her book, there has been some reduction in the numbers of accidents to child

pedestrians, but alarmingly there seems to have been very little change in

the nature, characteristics and causes of such accidents.
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ABSTRACT

Under the new DRIVE II programme, over sixty projects have been funded

to assess the benefits to be obtained from applying Advanced Transport

Telematics (ATT) techniques to traffic problems. The focus of this new

programme is on large-scale field trials, termed "pilot projects". The

applications to be tested cover both inter-urban and urban traffic. Only one

project, VRU-TOO (Vulnerable Road User Traffic Observation and

Optimization), has been funded to deal with the problems of vulnerable road

users, and even within this project cyclist work has been eliminated.

VRU-TOO includes elements of both pilot project work and R&D. As part of

a new road scheme to reduce traffic in the city centre of Leeds, the project

will design and assess new facilities for pedestrians which will give

pedestrians the same kind of automatic response from signals that is

normally accorded to vehicles. Advanced detection devices will be used to

sense pedestrian approach to signalized crossings and the input from the

detectors will be used to reduce pedestrian delay and increase crossing time

when required. The crossing will be linked to urban traffic control, and so

fully integrated with a real-time signal system for vehicles. Experience with

field trials in DRIVE I has already shown that this approach can result in

a considerable reduction in red-light violation by pedestrians and in

increased safety at the crossing, but this will be first such application in a

very demanding city-centre situation with a link to UTC. In addition to

Leeds, smaller-scale experiments will be conducted in Portugal and Greece.

Parallel with this experimental work, behavioural research is being

conducted to develop rules for the interaction of vulnerable road users and

vehicles. These rules are to be used for:

- gaining a better understanding of pedestrian problems

- evaluating the effects of traffic schemes on pedestrians

- predicting the effects of proposed schemes

- and ultimately (but not within the present DRIVE project) building

computer micro-simulation models to aid in the assessment ofexisting

problems and predict benefits to be obtained from alternative

interventions.

The rules generated from the behavioural work will be used in the evaluation

of the VRU-TOO pilot applications, and will, it is hoped, become a standard

tool for use in traffic schemes.
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1. INTRODUCTION

Pedestrian travel is a major travel mode, even in the highly motorized

countries of western Europe. The share of predominantly pedestrian trips

in the total number of trips is 34 percent for Great Britain, 17 percent for the

Netherlands and 23 percent for Sweden (Tight and Carsten, 1989). Yet

pedestrians are unequal participants in the traffic system. One aspect ofthis

inequality is their vulnerability to injury: British accident statistics for 1990

reveal that, in car-pedestrian collisions, pedestrians had a 46 times greater

chance of incurring an injury than did car occupants and a chance of

incurring a fatality that was 351 times as great (Department of Transport

1991). This risk creates a climate of fear so that, in encounters between

pedestrians and vehicles, it is the pedestrian who has to act as the deer to

the car's lion, shying away from conflict (Howarth and Lightburn, 1980).

Pedestrians have an additional cross to bear, imposed on them by urban

planners and traffic engineers: they are not treated as equal participants in

urban traffic. Typical examples of this unequal treatment are:

o Pedestrian time and hence pedestrian delay has no value in many

planning models, including those used by UK authorities.

o Pedestrians are often forced to divert vertically and horizontally from

their intended routes, e.g. through subways or over footbridges, while

cars travel on the street surface. This practise is common in urban

areas, even though pedestrians are known to be extremely unwilling

to make such diversions.

& Supposedly sophisticated real-time urban traffic control systems do

not take into account pedestrian demand. Data on vehicle demand

are continually and automatically fed into these systems from loops

and other forms of detectors, and vehicle congestion and delay can

also be reported. But pedestrian demand, if it is acknowledged at all,

is an afterthought, with pedestrians being required to push buttons

to indicate their intention to cross (who ever heard of car driver being

required to push a button before being given a green light?). In many

cases, the act of pressing the button has no effect whatsoever, since

the facility is controlled by the central urban traffic control computer

and is activated at certain intervals whether requested or not. The

button is then merely to create the illusion to the pedestrian that the

system is responsive. In any event, there is no capability to count

waiting pedestrians and so register the size of pedestrian demand.

One solution to the problems of pedestrians is to create segregated

pedestrian precincts in which vehicle travel is banned or severely restricted.

Such pedestrian areas are becoming increasingly common and, in many
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European cities, increasingly extensive. By its very nature, this solution is

limited in scope. It is generally feasible only for relatively small areas,

typically the central city, and it therefore caters to only a minority of

pedestrians and a small proportion of pedestrian journeys - the focus is on

shopping trips in the downtown area and sometimes on tourism.

Realistically, vehicles and pedestrians in urban areas will continue to mix.

This is true even where pedestrian precincts are concerned, since they

frequently involve arterial roads at their circumference, and many pedestrian

trips will cross those arteries. Traffic calming is one means of making car-

pedestrian interaction safer, but a true "shared space" approach requires

motor vehicles to move at walking speed (Hass-Klau, 1990). Many cities are

understandably reluctant to engage in traffic calming on main roads,

particularly when they have as a goal the shifting of traffic from residential

streets to main roads. Traffic calming can also cause problems for public

transport vehicles and emergency services.

New technology (in DRIVE parlance "Advanced Transport Telematics" or

ATT) offers an attractive alternative to traffic calming for solving current

problems in the interaction between pedestrians and vehicles, but, given the

size of the problem, relatively little attention is being paid to such issues

within DRIVE. VRU-TOO (Vulnerable Road User Traffic Observation and

Optimization) is the only DRIVE II project carrying out pro-pedestrian

implementations, and is also the only DRIVE II project carrying out research

on pedestrian-car interaction (Commission of the European Communities,

1992).

%. INFRASTRUCTURAL METHODS FOR IMPROVING

PEDESTRIAN CROSSINGS

2.1 Previous work

Work here is applying techniques developed in the precursor DRIVE I

project, "An Intelligent Traffic System for Vulnerable Road Users" (DRIVE

Project V1031, 1992). These techniques were designed to improve pedestrian

safety and mobility at signalized crossings, while causing the minimum of

disruption to vehicle traffic. The DRIVE I project conducted two major field

trials.

The first field trial took place in Bradford, England, at a signalized junction

which had no pedestrian facilities. This situation is common in Britain, since

non-conflict-free signalized pedestrian crossings (i.e. crossings where relevant

car traffic is given the green light at the same time as pedestrians) are not

permitted by the regulations. Traffic engineers are therefore reluctant to

install pedestrian signals, because of the anticipated side effects on traffic.

This was the case at the Bradford site, which had a history of about five

injury accidents a year, but which also had heavy traffic because of its

location on the Bradford northern ring road.
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The location was a four-armed junction, with two lanes on each leg and a

straightforward signal cycle with tow main stages. Microwave detectors were

attached on selected signal poles to survey those pavement approaches which

had the highest numbers of pedestrians. When a pedestrian was detected,

the detector response triggered off an increase in the all-red time at the next

signal change from the one second that occurred in the pre-trial setup to

three seconds. This gave the pedestrian a better chance of crossing the road

without direct conflict with vehicular traffic. There were no signs to inform

pedestrians that there was any change at the junction. In order to asses the

effects of the change on both vehicles and pedestrians before and after

observations were carried out (in the case of the conflict studies, there were

two sets of observations before and after). The principal results from these

studies showed that:

1. There was a non-significant reduction in the number of conflicts for

both pedestrians and vehicles (see Table 1).

. There was no discernible change in the behaviour of drivers in terms

of red light violations.

3. There was no observable change in crossing patterns for pedestrians.

Table 1; Serious conflict results from Bradford

Before After

Conflict Type Set 1 Set 2 All Red 3s All Red 5s

Velh/veh 9 e 5 5

Veh/ped 23 23 14 12

Other 1 0 0 0

Total 33 28 19 17

Examinations ofthe equipment throughout the trial showed that pedestrians

approaching the signal continued to be detected and that this detection

reliably altered the signal timings. In addition, no breakdowns of the

equipment occurred throughout the period of the trial and it did not suffer

from vandalism or any other damage.

In a second stage of the Bradford field trial, the all-red time was increased

to 5 seconds whenever a pedestrian was detected. Exactly the same detectors

were used and so a further verification of the durability of the system was

obtained. Similar evaluations to those carried out previously were repeated,

and in particular the conflict studies were carried out again. The results of

all the conflict studies are shown in Table 1, with the two "before" sets of

observations compared to the two "after" sets ofobservations (one for a three-

second all-red time and one for a five-second all-red time). The results with

the five-second time showed a similar reduction in conflicts from that

obtained when the all-red time was increased from 1 to 3 seconds. A
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combination of the two sets of results gives a statistically significant

reduction in car-pedestrian conflicts. This shows that the system can

improve safety and can do so in an "intelligent" way, i.e. by only altering

signal timing when required. An analysis of the vehicle movements did not

show any increase in their waiting times or in the number violating the red

lights.

The second field trial was carried out in Viaxjo, Sweden. Its aim was to

provide pedestrians with green by means of automatic detection, without the

need for them to push the button on the signal pole.

Previously, the signal phases at the intersection were generally directed by

vehicle detectors, and the separate pedestrian signals were all red until a

pedestrian pushed the button. Particularly in periods of low flow, most

pedestrians behaved as if the intersection were non-signalized, i.e. they did

not push the button but crossed when they felt it to be safe. It was

frequently the case that pedestrians pushed the button and then crossed

before they got green. Both these types of behaviour meant a high

percentage of red walking.

The expected changes by introducing pedestrian detection were as follows:

- reduced red walking

- reduced car-pedestrian conflicts

- reducing the average delay time for pedestrians

- a possible slight increase in delay time for car traffic.

The effects of the experiment were evaluated by before and after studies.

Two of the four pedestrian crossings at the intersection were included in the

experiment. The characteristics measured were:

- reliability of the detectors

- number of pedestrians crossing and the proportion of red walkers

- delay time for pedestrians

- delay time for cars

- green time for pedestrians

- green time for cars

- conflicts between cars and pedestrians.

- red light violation by cars.

The results can be summarised as follows:

The reliability of the detectors was good. Pedestrians approaching the

intersection were all detected and no problems were found with false

detection caused by cars, sun blinds, leaves or other irrelevant objects. It

was, however, difficult to mount the detectors in a way that they could detect

every pedestrian who wanted to cross and none of those who did not intend

to cross. But even the rare false detection of pedestrians did not cause any

major problem since it could be used by the next pedestrian to arrive.
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Figure 1: Proportion of red arriving and red walking pedestrians
with and without pedestrian detection

The effect of pedestrian detection on safety seemed to be positive. The
number of serious conflicts decreased. The most important expected safety
effect was, however, reduced red walking. Without detection, especially in
periods of low traffic, the majority of pedestrians walked against red.
Detecting approaching pedestrians reduced red light violation markedly so
that well under half the pedestrians now walked against red. The reduction
was especially large for pedestrians crossing the minor road. This was due
to the fact that the controller programme gave a high priority to the
vehicular traffic on the major road and so provided green for pedestrians
crossing the minor road.

This effect is shown in Figure 1, where the pie charts located on the
pavement areas show the proportion of pedestrians arriving on red or green,
while the pie charts on the zebra crossings show the proportion of
pedestrians crossing on red or on green, distinguished by direction of
crossing. For each crossing the outer diagrams show the pre (no detector)
proportions and the inner diagrams show the post (with detector)
proportions.

Pedestrian detection improved pedestrian mobility by increasing green time
for pedestrians and decreasing delay, especially for the shorter category (less
than 15 seconds) of delay time. This probably occurred because the signal
was already activated by the detector as the pedestrian approached the
crossing and therefore the pedestrian did not need to wait for the signal to
change if there was no conflicting car present. Car mobility was not
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negatively affected by the pedestrian detection, and there was even some

reduction in car delay to be observed. This cannot, however, be an effect of

the intervention but must be the effect of some unknown concurrent event.

It is worth mentioning though that the two effects do not seem to be

necessarily contradictory: there might be a possibility in some situations to

improve pedestrian mobility without adversely affecting car mobility. There

was also a large reduction in car-pedestrian conflicts, from 6 to 0, although

given the small numbers of conflicts this reduction was not statistically

significant.

2.2 Plans for DRIVE II

The new "pilot project" work falls into three categories:

1. A comprehensive evaluation of the alternative technologies for VRU

detection.

2. The testing of the techniques developed for the DRIVE I field trials

in locations in southern Europe.

3. The application of the same techniques for permanent installation in

at least one city-centre site, which is linked in to an urban traffic

control system (UTC).

The review of existing detection technologies has been completed and a

report will be available shortly. The feasibility studies for the two selected

locations in southern Europe are currently under way. One site is at a four-

armed junction in Oporto, on a dual carriageway outside a school. There is

a tram route running down the central reservation, with a tram stop opposite

the school. Pedestrians wishing to cross either the whole road or half the

road (to and from the tram stop) currently have a somewhat confusing

signalized crossing on one half of which activation is requested by a button,

but on the other half ofwhich activation takes place without the button (even

though a button is provided). Red light violation by pedestrians is a major

problem. It is hoped that a detection system will help to solve the conflicting

needs of pedestrians and traffic.

The other southern European site is in Elefsina, an industrial suburb of

Athens, on a busy main road with major pedestrian flows across it to and

from the railway station. Here again pedestrian needs are in conflict with

those of the considerable quantity of through traffic.

The more advanced system linked to a UTC is planned for Leeds. It will be

located between two shopping precincts, on a street that will be a link in the

new one-way ring road around the city centre pedestrian area. The system

will thus be a part of the major scheme to enhance the Leeds city centre by

moving traffic to the periphery. A number of major pedestrian generators

are, as in this case, located outside the proposed pedestrian area and it will

be necessary to create systems to handle the large flows of pedestrians across

various points in the ring road. The scheme will test the applicability of
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automatic detection systems to ensuring pedestrian mobility and safety

where there is the potential for conflict with large streams of vehicle traffic.

3. A SIMULATION MODEL OF PEDESTRIAN TRAFFIC

3.1 Preceding work

The precursor DRIVE I project developed a pedestrian meso model that

predicts aggregate flows of pedestrians in a small network, aggregate

crossing movements at various locations, and the resulting safety of the

network. The model can make general predictions of flows at various

crossing points, and uses those flows to predict safety by combining them

with the known car flows is a so-called cross-product flow model (Timms,

1992). It does not, however, deal with sufficient detail for it to make

accurate predictions of the results from small changes in signal timings. The

problem here is that the model is intended to act as a planning and

prediction tool for application in installing the detector systems. But the

existing model is too coarse to be sensitive to small changes in signal timings

- the attractiveness of a crossing point will be determined by the aggregate

delay to be encountered there and the safety will be dependent on the

resulting flows. The results of the DRIVE I field trials have shown that

safety can be dramatically influenced by quite small changes in signal

timing, without a large change in flow occurring. Thus, while aggregate

flows have remained substantially unchanged, the nature of the interaction

between vehicles and pedestrians has been altered. A simulation model that

can adequately represent this situation will of necessity be a micro or

behavioural model. It will simulate the interaction between pedestrian and

vehicle taking into account the situation (including the signal stage) and the

varying characteristics of the two kinds of actors. The already developed

meso model is an important background to any future pedestrian micro-

simulation model in that it can provide estimates of the flows of pedestrians

approaching and leaving at network nodes.

It is important to note here the distinction between movement and safety in

behavioural and modelling terms. The prediction of movement concerns

normal behaviour. Thus traffic models can generally be given quite simple

rules and will perform adequately with those simple rules. Safety models

must, however, of necessity deal with abnormal behaviour (the gap that is

too small, the one car in 100 that runs the red lights, etc.) since safety

problems arise when the normal rules are violated. This means that

behavioural models that predict safety outcomes will by their nature use far

more complex rules than simple movement models.

3.2 Research on pedestrian-car interaction

The rules required concern:

1. The behavioural responses ofpedestrians to changes in the situational

characteristics, and

VTI RAPPORT 380A



180

2. The relationship between the behaviour of pedestrians and vehicles

as they interact in "encounters" and the resulting safety of the

situation.

The behavioural studies work of the project will serve to collect this data and

to formulate the empirically found relationships in terms of behavioural

rules, predicting on the one hand the behaviour of the pedestrians and

vehicles and on the other hand to probability that a given set of behaviours

will result in an unsafe situation, defined as a traffic conflict.

Although many conflict studies have been carried out to date, there still is

insufficient understanding of the antecedent interactions leading to conflicts

and accidents. On the other hand, many detailed behavioural studies have

been carried out, in which the behavioural indices used have an unclear

relation with conflicts or accidents. As indicated above, the model developed

in V1031 simply assumes that the probability of conflicts and accidents can

be determined on the basis of the intensity of the interacting flows of traffic.

Such an assumption in fact contradicts the explicit assumption that safety

benefits can be achieved by implementing ATT systems that do not

necessarily affect intensities of flow but improve the safety or progress of

different flows, for example, by spatial or momentary separation of the

different road user categories. The meso-type models also assume that all

behaviour is homogeneous, and therefore does not deal with the variations

is such important determinants of safety as the distribution of vehicular and

vulnerable road users' speeds, distribution of gaps in vehicular traffic, usage

of these gaps by crossing VRUs and resulting safety margins. It is also

hypothesized that the use of gaps will be dependent on the anticipated and

actual delays and dependent on general and momentary 'social' situations.

The behavioural and conflict data will be used to identify the most important

variables for formulating empirical relationships which could be incorporated

in a future micro simulation model. The observations needed to provide the

behavioural and conflict data are currently taking place at locations in

Portugal, Sweden, the Netherlands and England.

An additional task of the behavioural work will be to assess the project's

implementations from the behavioural point of view. Methodologies and

criteria for the evaluation of the implementation of the ATT measures will

be developed. In the final stages of the project the behavioural rules

developed from the observations (which it should be noted are not being

conducted at the implementation sites) will be validated against the

experience of the implementations.

3.9 A caveat

Unfortunately, the project as presently funded will not be applying the

knowledge from the behavioural studies to the development of a new

computer simulation model, linking the previously developed meso model to

micro-level modules covering both car-pedestrian interaction in crossing

situations and signal timing strategies. Such work was proposed, but was

deleted in negotiations. In a sense, therefore, the work of the project will be
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incomplete, since the tools for passing on the project's knowledge and

experience to planners and traffic engineers will be only partially developed.

4. CONCLUSIONS

A realistic appraisal of the traffic situation leads to the conclusion that

segregation of vehicles and pedestrians can only be applied in limited areas.

There is, therefore, a need for alternative tools for addressing the problems

encountered by pedestrians in European cities. The more general

circumstance will continue to be one in which cars and pedestrians share the

road space. Traffic calming using the now standard methods of horizontal

and vertical deflection offers a partial solution, but may cause politically

unacceptable delays to vehicle traffic. It is also very costly. The application

of ATT systems provides a cost effective and flexible alternative.
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ABSTRACT for paper to VTI/FERSI Conference

BERLIN :;: SEPT 1992

WHY DOES UK HAVE A COMPARATICVELY POOR

CHILD PEDESTRIAN SAFETY RECORD?

D A Lynam, D G Harland

Reek US, W5 BWi tien , Wm ) ._ QK

In terms of road accident deaths per head of population, the
United Kingdom has one of the best road safety records in the
world. However for pedestrian deaths and particularly for child
pedestrian deaths, UK has a poorer record than most other
European countries. What factors cause this difference?

- are there differences in child exposure between
countries (numbers of trips, length of trips)?

« does parental control over child freedom affect this
exposure?

- do the traffic and road conditions faced by children
on their trips differ between countries?

- is the children's ability to deal with the conditions
they meet different?

- do differences between the accident risk among
children of different socio-economic or ethnic groups
affect these comparisons?

- do differences in child casualty rates reflect similar
differences in adult pedestrian casualties?

Data collated in UK on these factors are described. Can similar
data be derived from other countries to allow comparative
analysis at this level of detail?

Against this background the measures in operation in UK to
improve child safety through engineering, publicity and education
are reviewed to consider whether experience from other countries
could help to reduce the number of UK casualties.

VTI RAPPORT 380A



185

CHILD PEDESTRIAN SAFETY IN THE UK

D A Lynam and D G Harland

Road User Safety Division

Transport Research Laboratory

Crowthorne, Berks, RG1l1 6AU, UK

1 INTRODUCTION - INTERNATIONAL COMPARISONS

Overall the UK traffic safety record is at least as good as

the record of most comparable countries, but in terms of

accidents to pedestrians, the UK has not kept pace with the

improvements seen in many other European countries: figure 1

shows that, while there has been a significant reduction in

Fatalities per million population
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Figure 1 Annual Pedestrian Fatalities (All Ages) - FERSI

Members

the risk of fatal accidents to UK pedestrians since 1970, the

reduction is less than that achieved by most of the other

members of FERSI.

The differences in risk between countries vary according to

the age of the pedestrian; table 1 shows that teenagers and

young adults (age 10-24) are about two to three times more

likely to be killed walking in the UK than their peers in the

other European countries shown. Younger children and older

adults in the UK experience a forty per cent higher risk.
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Table 1 Pedestrian Fatality Rates by Age (1989)
 

 

 

    

  

  

      

Age Fatalities per million

Nether- Sweden France Germany Aver- UK UK

lands (W) age Av __

0-5 7 11 14 2 0 13 18 1 . 4

6-9 2 0 10 20 2 5 19 2 8 1 . 5

10-14 5 6 10 8 7 25 3 . 3

15-17 7 2 1 13 9 13 2 7 2 . 2

18-20 8 15 2 1 15 15 2 4 1 . 7

2 1-24 9 2 18 10 10 2 2 2 » 2

25-64 8 8 2 1 16 13 18 1 . 4

over 4 4 61 74 8 7 66 8 6 1 . 3

64

Fatalities per million population Fatalities per million population

-*- Germany 505i , --- Germany

T - -e ~ UK

-*- France | "x, -*- France

~*~ Netherlands - Age 6 - 9 (*~

_

Netherlands

o1985- oo1985-
1980 1990 1980 1990

Figure 2 Figure 3

Both Netherlands and Germany have experienced very large
reductions in child pedestrian casualty rates over the last 15
years, much higher than their comparative reductions in adult
casualty rates. Percentage reductions in the UK (and in
France) for adult and child pedestrians were much more sim-
ilar. Rates amongst the 0-5 year olds dropped by a factor of
more than four in the Netherlands between 1970 and 1980;
Germany also experienced a large drop between 1975 and 1985.

Netherlands and Germany have also seen substantial drops
amongst 6-9 year old casualties, particularly since 1980,
whereas UK and French rates have not reduced over this latter
period.

Netherlands, Germany and France have experienced lesser reduc-
tions amongst casualty rates of 10-14 year olds, while in the
UK there has been an increase in the rate for this group over
the last decade.
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 These comparatively high fatal- Fatalities per million population
ity rates for child pedestrians

in the UK are not mirrored in Age 10 - 14

the UK cycling and passenger 50 --- Germany

statistics: cycle fatalities - .%

occur at a rate of about five oo hey}

p

&e UK

per million children per year

and passenger fatalities at

about eight per million per

year.

-*- France

~*~ Netherlands

 

  1% 

f £ 1375 1985
There are two objectives for 1980 1990

this paper: firstly to consider

why the UK rate is higher over-

all, why the rate for 10-14

year olds appears particularly high, and why improvements in

rates in other countries over the last 20 years have been

greater than those in the UK; and secondly to provide the

background from which to develop collaborative research on

child pedestrian accidents within the FERSI programme.

Figure 4

2 FACTORS IN CHILD PEDESTRIAN ACCIDENTS

2.1 -Environment

Child@ pedestrian casualty rates vary by factors of more than

two for different administrative areas in the UK. The table

Table 2 Casualty Rates in Different English Administrative

Areas
 

 

 

Age Casualties per 10,000 population (1986)

England London Conurba- High Low risk**

tions. risk*

O-4 8 . 5 J . 3 12 . 2 12 » 1 5 . 6

5-9 25 . 0 31.5 35 . 1 35 . 2 14 . 7

10-14 28 . 0 43 . 3 3 6 . 2 3 1 . 4 17 . 1

All ages 11. 0 18 . 7 13 . 1 11 . 6 7 . 0
   

* Cleveland, Humberside, Lancashire, Nottinghamshire

* * Avon, Hampshire, Gloucestershire, Oxfordshire,

Wiltshire

shows that rates in the major conurbations are some fifty per

cent higher than the average for the UK. These high rates are

not restricted to the conurbations but can also be seen in

other areas containing large population centres. There are

also differences in pedestrian casualty rates within the con-

urbations, with exceptionally high rates in some inner area

districts. On average the casualty rate for inner London dis-

tricts is 50 per cent higher than that for the outer suburbs.
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This difference does not relate solely to town size but analy-,

sis of German data (Bruehning and Schmid, 1985 and 1986) for

1982 showed a general tendency for child pedestrian fatality

rates to increase with town size. Rates for those towns with

less than 20,000 inhabitants were 3.1 fatalities per million

people compared with a rate of 4.4 fatalities for larger

towns.

Distribution of population between towns of different size

does vary between European countries, although comparisons are

difficult because large towns tend to have larger metropolitan

areas surrounding them which may be divided in different ways.

In round terms however some 70 per cent of British population

is located in urban areas with more than 20,000 inhabitants,

compared to perhaps 40 per cent of Danes, and 50-60 per cent

of Dutch, Swedes and Germans.

In most countries, virtually all child pedestrian casualties

occur on built-up and mainly residential roads. Although many

residential roads can be described as local roads with low

flow, there are some much more heavily trafficked roads also

serving residential properties. The majority of child pedes-

trian accidents occur very close to home. Most reports are

not very informative about the traffic levels being faced

'close to home', but in the Netherlands, a study in Rotterdam,

showed half of the accidents involving children taking place

on streets with less than 2000 vehicles per day.

In the UK, the distribution of child pedestrian accidents dif-

fers clearly from that of adult pedestrians, according to the

Table 3 Percentage of Casualties by Road Type - England
 

 
A road B road Local road

Chi la 2 4 11 65

Adult 4 6 13 4 1
   

class of road. In the UK most built up roads have the same

(50 km/h) speed limit.

The road classification does not always reflect the function

of a particular road: when local sectors of towns are con-

Table 4 Percentage of Casualties by Road Function - UK Urban

Safety Project Sample
 

 

 

Arterial Distributor Local access

Chila % 4 2 2 1 3 7

Adult % 50 31 19
  

sidered in detail, the traffic function of the road is evi-

dent. Data from the UK Urban Safety Project towns shows a
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larger proportion of child pedestrian casualties on roads

which were being used as arterial or distributor roads than

might have been expected from the classification.

Studies in 1970 in the UK, Sweden and Germany, found that

there were two to four times fewer accidents in modern resi-

dential layouts than in older areas. Much attention was

focused on how reduced accident rates could be achieved within

existing urban areas. In the UK low cost area wide schemes

have been promoted: the schemes aimed to treat whole sectors

including neighbourhoods and any associated distributor and

arterial roads. The improvements focused on identified acci-

agent problems and gave casualty reductions of the order of 13

per cent. In the Netherlands and Germany, much more extensive

programmes of residential area improvement have been intro-

duced. Overall casualty reductions in some of these areas of

70-80 per cent have been reported, although the larger scale

Dutch experiments concluded that, while 77 per cent reductions

had occurred in the residential areas, there were only 13 per

cent fewer accidents in the traffic zones (Janssen, 1991).

During the 1980s, a substantial programme of modifying exist-

ing roads by the introduction of 30 km/h zones was introduced

in the Netherlands. National data on child pedestrian casu-

alties during the period 1984 to 1990 suggests that 0-9 year

old casualties (fatal and hospitalised) on roads with speed

limits above 30 km/h but below 60 km/h were reduced from 542

to 364, while casualties on 30 km/h roads or woonerfs only

increased from 8 to 22. Changes for 10-14 year olds were not

so dramatic, reducing from 139 to 107 on the unchanged roads

with only 4 occurring on the roads with lowered speeds ( these

data must be treated with caution as there may be some anoma-

lies in the speed limit coding).

In aggregate the greater investment in residential road recon-

struction in Netherlands and in Germany should have produced a

greater reduction in child pedestrian accidents in those

countries over this period than in the UK. However, the

extent of this difference depends on whether exposure has also

changed differentially either in terms of child walking pat-

terns or in terms of traffic volumes. All things being equal,

the expected differential improvement should have been

greatest for the youngest children as reconstruction was

mainly within the residential areas where most of their acci-

dents occur. The differences between the casualty rate for

the UK and those of other countries are at present highest for

the 10-14 age group, who experience more than half of their

accidents away from residential streets.

2.2 The Child

In depth studies of child pedestrian accidents in many coun-

tries have identified similar factors being involved. Most are

associated with children running into the road, often away

from junctions, more often when unaccompanied, often while not

concentrating on vehicular traffic. Although many are on

local roads, drivers are travelling at speeds from which they

are unable to stop when this occurs. Boys are more at risk
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than girls because they tend to play more often in the road-

way, particularly between ages of 6-9.

Characteristics of UK accidents

are no different: Tight (1992)

provides a detailed analysis.

The chances of a boy being ser-

iously injured or killed as a

pedestrian peak at 7 years old.

The peak for girls is at 12

years old and is associated

with the transfer to secondary

school. Thereafter girl pedes-

trians are not much safer than

boys.

Exposure to traffic and child

behaviour are both very much

Table 5 Children's Travel and

Fatal and serious injuries per 100,000 120

100; Males

80

60;

40;

20}

 

Females

 

Figure 5 Pedestrian Casualty

Age
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Exposure to Traffic
 

 

 

 

 

 

Year Age Group

2 ~4 5-7 8-11 12-15

Allowed to cross road alone

1969 (a) 10 4 6

1971 (b) 77

1990 (b) 63 98

1990 (c) 11

1991 (c) 8

Walked to school alone or with other child

1969 (a) 4 4

Travelled to school alone or with other child

1971 (b) 90

1990 (b) 37 70

Number of unaccompanied weekend outings

1990 (b) 2 4

Number of accessible friends

1990 (b) 5 8
 

Sources (a) Sadler, 1972

(b) Hillman, Adams and Whitelegg,

(c) West, West and Sammons, 1991
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related to age. Table 5 shows data from a range of surveys

that have investigated children's exposure to traffic and

opportunities to travel.

In the UK children start school at about five years old:

before that age, in most families, their activities and play

are in or very close to the home and usually supervised by an

adult. About ten per cent of pre-school children sometimes

cross roads on their own.

Primary schools serve fairly compact districts with an average

population of about 2,000 people: consequently the school

journeys are short and over lightly trafficked roads, 81 per

cent of children travel less than 1 km, Nevertheless, in the

first two years the majority of children are escorted to and

from school by an adult and still play very near the home.

Independent travel increases with age until in the last year

at primary school about half the children will be coming from

school unescorted and their play is very loosely supervised.

Children at primary schools tend to have about five friends of

their own age, whom they are allowed to visit on their own,

and because of the local nature of the school these friends

usually all live in the same neighbourhood.

By age twelve, most children have transferred to a secondary

school: these are large institutions serving districts with

populations of about 10,000 people each. Most children at

these schools expect to travel unaccompanied even though the

journey may involve crossing some busy roads. Secondary

school pupils have about eight friends of their own age, whom

they are allowed to visit alone, and these will live in dif-

ferent localities distributed across the school catchment

area. Secondary school children expect to travel to school,

play and visit their friends without close supervision, and

they do not expect to be restricted in their activities by

considerations such as the difficulty of crossing busy roads.

The exposure of girls to traffic is not very different from

the exposure of boys for both pre-school children and children

at secondary schools. The exposure of primary school

children, age range 5 to 11, does vary with sex: only about 40

per cent of girls are likely to cross roads by themselves

compared with 60 per cent of boys; and only 26 per cent of

girls travel from school alone, compared with 44 per cent of

boys.

In comparison to the UK, levels of accompaniment of children

to school or play in Germany appear to have remained low.

Schulte (1978) reported only 62 per cent of 0-6 year olds

escorted to play-grounds or kindergarten by adults; 13 per

cent went with other children and 24 per cent were unaccompan-

led. Fifty-eight per cent of 7-12 year olds were accompanied

by other children to or from school and only 12 per cent of

this age were accompanied by adults to out of school activ-

ities. Wittenberg (1987) confirmed similar results in the

1980s. Kloeckner et al (1989), quoting the previous two

studies, went on to show that 80 per cent of accident involved

children in Germany were unaccompanied at the time, and 12 per
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cent accompanied by children of the same age; only 7 per cent

were accompanied by adults or older children.

Kloeckner (1989) quotes the following variation by age in

percentage accompanied.

Table 6 Accompaniment of German Children (Kloeckner)
 

 

Age

0-5 6-9 10-14

Alone % 49 64 75

With same age % 6 22 10

with older or adult? 45 14 15
  
 

Hillman et al (1990) comparing UK behaviour between 1970 and

1990, and German and English behaviour in 1990, shows that

levels of accompaniment have increased substantially in Eng-

land over that period, while German levels in 1990 were simi-

lar to levels in 1971 in the UK.

Table 7 Proportion of Children Travelling to School Alone
 

school Percentage

by age in years

7 8 9 10 11 12 13 14 15
 

England - 1971

Junior 72 87 88 9 4
 

England - 1990

 

 

Junior 7 11 PAll 55 54

Senior 64 65 67 78 71

Germany - 1990

Junior 52 71 8 1 8 3 9 4

70 78 8 3 9 1 8 3
 

 

Much of the change in the UK is due to a reduction from 80 per

cent (1971) to 62 per cent (1990) in the proportion of junior

school children walking to school, most having become car

passengers.

Overall by 1990, a larger proportion of German junior children

(85% to 65%) walked to school, but a lower proportion (38% to

53%) of German senior school children. The excess English

juniors travelled by car, and the German seniors by bus. Only
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some 1% of juniors in both countries cycled compared to 5% of

German and 2% of English seniors.

Data from Denmark during the 1970s gives further indication of

differences in modes of travel by children.

Table 8 Walking and Cycling to School in Denmark
 

 

  

Age

6 7 8 9 10 11 12 13 14 15

Walk % 47 47 3 4 35 3 3 29 28 25 2 2 2 4

Cycle % 14 2 3 4 1 28 4 6 53 54 54 49 3 2
 

Involvement in accidents seems to vary with family income and

status: many countries have shown casualty rates to be higher

amongst the lower socio-economic groups and particularly the

unemployed. Figure 6 shows how the risk of fatal injury as a

pedestrian varies between children in different social classes

within the UK. The higher risk among low income groups is

partly due to the greater likelihood that these people live in

the inner city areas already identified as having more dif-

ficult environments, but the differences are too large to be

fully explained by this effect alone. There is no evidence

why this factor should be any worse in the UK than elsewhere.

Several countries have also identified higher rates amongst

children from ethnic minorities. This again relates partly to

the areas in which these minorities are likely to live, but

may also relate to their travel patterns and access to road

safety education.

Lawson and Edwards (1991) have

shown in Birmingham, UK, that Standardised mortality ratio - Average = 100
child pedestrians of Asian ori- 400

gin are twice as likely to be

 

injured as non-Asian children. #

This was particularly notice- 300 [ 22;
able amongst the younger
children; in the areas studied 200} %
40 per cent of the casualties ///
under 9 were Asian, but only 22
per cent of those aged 10-14. 100]

  a
a
n

OTursz et al (1991) quote simi-
lar general conclusions of the
over-representation of im-,
migrant children in a study of
casualties in Paris. Fifty-
eight per cent of the casu-
alties were from immigrant families although they only
accounted for 15 per cent of the population.

8
\
§

-
U

m
a
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Figure 6 The Risk of Pedest-

rian Fatalities in Childhood
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Lawson and Edwards found little difference at the time of the

accident in the behaviour of the Asian and non-Asian children

in terms of roads used, or level or type of accompaniment but

the Asian children may have increased their risk by undertak-

ing that type of behaviour more often. Lawson noted that a

disproportionately large number of child pedestrians were

injured in areas which he had independently identified as

being priority areas for urban regeneration.

Lawson comments that in 1981, 17 metropolitan districts or

London boroughs had ethnic minorities as large or larger than

Birmingham, but again it is not clear that this factor is

sufficiently greater in the UK than in other countries to lead

to a markedly higher national casualty rate.

The balance between injuries on the journey to and from school

and injuries during more general outdoor activities may be

assessed by examining how acci-

dents vary on school days in

winter and in summer. This fig-
& R Casualties per schoolda

ure shows the incidence of ped- s ~asua'ues P Y 

   

estrian casualties on an aver- ¢

age winter school day compared 10} : '
with casualties on a school day
in summer. In winter six more
child pedestrians are injured Sr
in the morning and evening
peaks than in the summer peaks. Q31'51'

 

This reflects the more diffi-
cult weather and lighting con-
ditions in winter. But overall -~ Winter

Hour of the day

--- Summer
there are almost 25 per cent
more child pedestrian casual- . .
ties on school days in summer Figure 7 Casualties on an

than in winter because there Average School Day

are about 18 more casualties
per day after 4.00 pm in summer.

Preston (1989) has shown that the casualty rates in Manchester
are higher for 11-14 year old pedestrians than for 5-10 year
olds on the journey to school, but lower at non school times.
The higher overall casualty rate for the older age group in
Manchester therefore results from the high journey to school
rates. Further, an increase in the rates for the older age
group between 1969 and 1987 appears to be due to an increase
in accidents on the school journey.

Differences in children's behaviour and abilities could be
related to training and education. The UK is in the minority
of FERSI countries who do not mandate that schools should give
road safety instruction. Nevertheless most children in the UK
do receive some road safety instruction during their school-
ing: the English National Curriculum stipulates that road
safety is a part of the cross-curricular theme, health educa-,
tion, and is also mentioned in several of the subject
curricula. While there is scope to improve the quality and
quantity of road safety instruction in schools there is no
evidence that the provision is significantly poorer in the UK
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than in any other FERSI country with or without a statutory

requirement for road safety education.

2.3 Interactions between Factors

These analyses of within UK differences and more particularly

the differences between the UK and other countries, suggest

that the casualty levels are influenced by a wide variety of

interacting factors.

For example figure 8 shows how the risk of death or serious

injury varies with age, sex and road classification. On quiet

roads, C and unclassified, acc-

idents to boys increase rapidly

up to age seven, presumably as

a consequence of exposure in- Fatal and serious injuries per 100,000

creasing with age. The slow 80 C & Unclass Roads

decline with age above eight

could be a consequence of in-,

creasing pedestrian skills but

may also reflect a reduction in

the time spent playing in these

quiet streets. Their steady

rise in risk on busy roads, A

 

60 Males

40 I

20} ..' ___ Females

   
0

and B, up to early teenage, 01 2 3 4 5 6 7 8 9 10 11 12 13 14 i6

again reflects increasing expo- Age

sure but there is less sign of

the beneficial effect of inc-

reasing traffic Skills beyond aoFatal and serious injuries per 100,000

A & B class Roads
 

age twelve. Section 2.2 has

said that girls at primary eo}

schools in the UK are likely to

be kept away from roads and 40}

consequently experience about

half the risk experienced by

their male peers. Their lack

of experience at the primary

20;

 

   

stage of schooling makes them %o 1 2 s & 5 6 1 8 9 10 11 12 13 14 15

vulnerable when they do start Age

travelling independently to

secondary school: the inci-
Figure 8 Age of Casualties

dence of female injury rises by Road Classification

rapidly between the age of

eleven and twelve, particularly

on busy roads.

The pattern of risk in the UK on different road types reveals

no difference from the pattern in other countries that is suf-

ficient to explain the particularly high levels of risk suf-

fered by UK teenagers. In a Netherlands study, two-thirds of

0-6 year olds and half of 7-14 year olds are quoted as being

killed in their own neighbourhood. The UK data show that 77

per cent of 0-6 year olds who were killed or seriously injured

in 1990 and 56 per cent of 7-14 year olds were run over on

quiet roads.

Urbanisation is both more extensive and longer established in

the UK than in most other countries. There are many old inner
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city areas, planned and built before the motor age, and carry-

ing very high levels of vehicle traffic through on street

parking. The heavy traffic and high property values in these

areas make road redesign and traffic restriction difficult,

but if conditions in these areas could be changed they would

yield significant casualty savings.

It is clear that many countries have attempted more extreme

residential road improvements than the UK, but these have not

affected conditions on main roads, where older children and

adults are more likely to be casualties. The comparatively

poor UK adult rate suggests that traffic conditions generally

are more risky in the UK. However, given that about 70 per

cent of people in the UK live in urban settlements with popu-

lations over 20,000 compared with 50 per cent or so in most

other FERSI countries, the 30 per cent extra risk to UK adults

may be largely a consequence of population density differ-

ences. However these population density differences are not

sufficient to explain why adolescents in the UK are two to

three times more likely to be killed as pedestrians than

adolescents in other FERSI countries.

Junior school children in the UK make fewer walking trips than

junior children in many of the other FERSI countries. Amongst

UK seniors however there are likely to be more walking trips

than in many other countries due to the lower levels of cycl-

ing and use of public transport. This may explain a part of

the higher incidence of pedestrian accidents among UK adoles-

cents but more standardised information on children's travel

in G@ifferent countries is needed to test this hypothesis.

Another more worrying hypothesis might be considered. Child-

ren's difficulty in coping with various aspects of traffic

before various ages has been long recognised. At the same

time it is often argued that direct experience of traffic is

needed to help children learn how to cope safely. This is now

leading to a focus on child pedestrian training in the UK at

younger ages than in the past. However the tendency for

junior children to travel by car or public transport rather

than walk reduces their opportunities to learn by experience.

Secondary children may now be less able to deal with the

traffic they have to negotiate than in the past when they had

more experience during their junior school journeys. The

increased accidents to girls at age twelve and the tendency

for the high exposure to traffic amongst for ethnic adoles-

cents to have far fewer accidents than their highly exposed

younger siblings may support this.

A similar concern could be voiced in relation to traffic

calmed areas, since in such areas the younger children are not

exposed to the fast moving traffic that they will encounter on

main roads. This hypothesis should lead to the conclusion

that adolescents in the UK were better able to cope with main

roads than adolescents in countries such as the Netherlands

and Germany, where there is extensive traffic calming. The

data, showing UK children at higher risk, contradict the

hypothesis: indeed, there may be support for the idea that

traffic calming measures, by providing safe surroundings with
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slow moving vehicles, encourage parents to allow children to

go out and develop the traffic skills that they will need to

cope with main road traffic.

3 A COLLABORATIVE FERSI PROJECT

More could be learnt by investigating in depth some comparable

urban areas from different countries, ie areas from towns of

similar sizes, populations densities, traffic levels and

socio-economic and ethnic characteristics.

It would also be useful to know if the type of driver involved

in child pedestrian accidents differs between countries, as

this would also imply a different exposure. In the UK the age

distribution of drivers in accidents involving child pedes-

trians is slightly higher than that for two vehicle accidents

generally. This could be assumed to be the result of differ-

ent driving populations using the more local roads on which

more of the child pedestrian accidents occur. Disaggregation

by road type and sex of driver also shows a clear tendency for

males to have much greater relative involvement than females

in child pedestrian accidents on local roads compared with

their relative involvement in two vehicle accidents on these

or other roads.

However the preceding discussion suggests the need for studies

which explore environment, exposure, attitudes and accident

involvement at the same time. Such a study is currently being

developed by Christie at TRL. It is based on samples of acci-

dent involved children identified through large hospitals,

some of which are common to a broader study of road traffic

injuries using an extension to the European Home and Leisure

Survey database.

Hospital based studies in Paris and Montreal using question-,

naires to identify the characteristics of those involved in

accidents have been reported, but they do not appear to have

extended to a full picture of the local environment, exposure

and attitudes (Tursz et al, Joly et al, 1991). For the UK

study, questionnaires to parents, children and their brothers

and sisters have been developed and piloted, collecting data

on all these aspects. A comparable non-accident sample is

being questioned in local schools. The methodology for envi-

ronmental assessment is still being developed. The hospitals

are located in towns of differing sizes and there are some

areas with high ethnic populations. It is hoped to extend the

sample later to include areas which have undergone general

environmental improvement so that we may assess the effect of

these on attitudes and exposure.

The pilot results show the expected pattern - more of the

children involved in accidents were in the lower social and

economic groups, they had with less play space, less car

access within the family, less settled family lifestyles, less

supervision, and their families tended to see safety as some-

one else's responsibility. More of the non-accident involved

walked to school, but more of accident involved played in the
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street, returned later from street play, and were less likely

to be involved in supervised play (clubs etc).

Although this paper has concentrated primarily on UK aspects

of the problem, many other countries have identified similar

problems in relation to immigrant and lower socio-economic

groups, and most countries will be aware of accident levels

above the European average in particular circumstances and for

certain ages among their child pedestrians. If the FERSI

members can collaborate to organize similar experiments with a

common protocol, it should be possible, using techniques such

as hierarchical log-linear modelling, to measure the relative

weight of both the individual factors associated with accident

risk and also their interactions. Such data could be invalu-

able for assessing the effectiveness of current practice in a

very wide range of European countries and for determining the

best policies for road accident reduction in the future.
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ROAD SAFETY IN EUROPE

Marian Tracz & Andrzej Tarko

CRACOW UNIVERSITY OF TECHNOLOGY, CRACOW POLAND

Factors affecting pedestrian safety at signalised crossings.

Abstract

International comparisons of traffic accidents, accident

casaulties and accident rates in the last three years indicate

sharp deterioration of road safety in Poland. The number of

accidents involving pedestrians is still very high in

comparison with other countries. In 1989 and 1990 there were

2820 and 2980 killed pedestrians, i.e. more than 40% of the

total number of killed in road accidents.

Recent accident trends, especially accident data related to

pedestrian safety encouraged the authors to undertake the

problem of pedestrian accident risk at signalised crossing in

order to:

-= identify the effects of pedestrian accident factors,

-= develop accident prediction models,

- assess the efficiency of accident countermeasures and

traffic facilities in Poland.

In this study road, traffic and traffic control factors

influencing safety were considered, i.e.:

- crosswalk length, divided or undivided carriageway, refuge

area,

- pedestrian and vehicle volumes, vehicle speed, bus volumes,

- length of road for pedestrians, ratio of red-to-cycle.

Accident data at some 105 existing signalised crossing were

analysed in order to determine relationships between

pedestrian accidents and investigated parameters. Then,

accidents were linked with the factors using a general linear

regression approach. The general form of the relation is given

by :

A=F(Q, N) exp (Y) a;*x,;)

Where A is an annual frequency of accidents, F(Q,N) is a

traffic and pedestrian volumes function, x; are variables

representing road,traffic and traffic control factors, af are

regression parameters.

Analysis of a few submodels and the final model are

presented in the paper. The following factors: traffic volume,

volume of buses and stops located nearby pedestrian crossing,

ratio of red-to-cycle for pedestrian phase (RTOR and turning

traffic) have been found as essential factors affecting

pedestrian accidents.

Two factors should be underlined as important: the location
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of a bus stop which changes behaviour of pedestrians, as well

as signal timing; especially too long red signals for

pedestrians. Also distribution of vehicle and pedestrians

departures in cycle has been investigated for it's potential

influence on pedestrian safety.

In-depth studies provide relations between pedestrian

accident frequency, vehicle and pedestrian flows, geometric

and control variables. Such relations are essential for

predicting the effect of traffic management on accidents,

following traffic and pedestrian reassignment and crossing

modifications. It is intended to extend these studies on

unsignalised pedestrian crossings. The need for taking into

account both mobility and safety for all users in cost/benefit

analysis is emphasised.

The authors

Prof.ar hab Marian Tracz
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FACTORS AFFECTING PEDESTRIAN SAFETY AT SIGNALIZED CROSSINGS

Marian Tracz, Prof. dr hab.

Andrzej Tarko, M.Sc.

Cracow University of Technology, Poland

1. INTRODUCTION

International comparisons of traffic accidents, accident victims

and accident rates, indicate a sharp deterioration of road safety

in Poland in the last three years. It is still very dangerous to be

pedestrian in Poland. Despite of a certain decrease of the

percentage of accidents involving pedestrians, the number of such

accidents is still very high in comparison with other European

countries. In 1989 and 1990 there were 2820 and 2980 killed

pedestrians, i.e. more than 40% of the total number of killed in

the road accidents. It is unacceptable that almost every third

accident involving pedestrian occurred in places provided for

pedestrian crossings. Very high ratio (36-47%) of accidents

involving pedestrian at pedestrian crossings was caused by

pedestrian.

With such a background, there is clearly great potential for

measures, particularly of general application, which will help to

reduce this substantial level of accidents at pedestrian crossings.

The process of road accident remedial work involves the selection

of sites for treatment and the design of suitable remedial

treatment for them. The selection of countermeasures depends upon

the identification of some dominant patterns of accidents and

accident factors that can be treated in an economical way.

Accident trends, especially alarming situation in a pedestrian

safety, encouraged the authors to undertake the problem of

pedestrian accident risk at signalized crossings in order to:

- identify the effects of pedestrian accident factors,

- develop accident prediction models,

- assess the efficiency of accident countermeasures and pedestrian

facilities in Poland.

In this paper the first part of this study is presented,

including the identification of pedestrian accident factors as a

basis for a development of accident prediction models.. To avoid

errors created by suppressing the petrol coupon system, accident

data from the period 1984-88 have been analyzed.

2. DATA BASE

The study was conducted at 75 signalized pedestrian crossings on

single (50) and two (25) roadway streets. The set of traffic,

geometric and control parameters has been collected for each
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pedestrian crossing to complete data base for a regression analysis

including:

vehicle and pedestrian volumes,

volume of public transport vehicles at bus and tram stops

located near the studied crossings,

average vehicle speeds during pedestrian and vehicle phases,

ratio of vehicles passing pedestrian crossing in a pedestrian

phase (turning movements, green arrow),

ratio of pedestrians on crossing during a red signal,

roadway width,

distance between a pedestrian crossing and a vehicle stop-line LZ

(Fig. 1),

desired walking speed "\., allowing to cross both roadways of a

street with a central reserve, vm = Lw/G where G is a

pedestrian green and Lw as explained in Fig. 1,

number of traffic lanes at a pedestrian crossing,

number of directions from which conflicting vehicle may arrive

(Fig. 2),

central reserve or refuge island for pedestrians,

tram stop adjacent to a roadway with a given pedestrian crossing,

function of a surrounding area,

speed limit,

signal cycle,

length of a vehicle phase (Fig.3),

vehicle phase-to-cycle ratio,

pedestrian and vehicle clearance times.
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Fig. 1 The distance Le between a pedestrian crossing and a stop-line
and the walking distance Lw
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In an accident frequency modeling, daily traffic volumes are

usually used to take into account traffic intensity. Because of

incompleteness of traffic volumes files collected by traffic

authorities, own traffic counts have been needed. Using historical

data, an optimal time for two half- hour traffic counts has been

selected that give the smallest error of a daily traffic

estimation. The resulted regression models have been applied to

assess 24 hour pedestrian and vehicle traffic volumes at the

investigated pedestrian crossings.

The field measurements with recorded 144 000 vehicles and

107 000 pedestrians at 104 roadways, provided sufficient traffic

data base for a regression analysis. The equipment used in the

measurements allowed to identify signal phases in which pedestrians

crossed a roadway and to assess the ratio u of pedestrians

violating a red signal in relation to pedestrians which came during

a vehicle phase at a given pedestrian crossing. The value u is

interpreted as a probability of pedestrian red signal violation. In

addition, a vehicle speed in a vicinity of a considered crossing

has been measured in the vehicle and pedestrian signal phases.

Other remaining data on accident, geometry and traffic have been

taken from data files available from appropriate institutions and

authorities.

In the accident analysis, an observation is defined as a vector

containing number of accidents in 1984-88 and the explanatory

variables listed above. The sample consists of 75 observations

(crossings through 55 single and through 20 two roadway streets).

In the investigation of red violation the observation refers to the

half-hour periods in which the pedestrian and vehicle volumes at

104 roadway crossings have been recorded (with distinguishing red

and green signals). A total number of observations is 180 (majority

of roadways had two counts in morning and afternoon).

All the above factors have been investigated for their

potential impact on both a pedestrian accident frequency and

probability of a red signal violation.

3. MODEL FORMS AND SIGNIFICANCE TESTS

Regression technique is widely used and accepted in an

investigation of factors-accidents relationships for its capability

to include an exposure to accidents together with other road and

traffic factors in accident predictive models. Analysis of single

road facilities (road sections, intersections) are especially

difficult for regression analysis due to a low frequency of

accidents and accident distribution other than Normal. Generalized

linear regression [2] allows to overcome these difficulties. The

Poisson or Binomial negative distributions are usually assumed in

accident frequency modeling [3,4]. In the presented study the

Poisson distribution has been assumed together with the following

general regression model form:
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A = koanPB°exp(Eaixi) + £ (1)

where: ~

A = accident frequency (accidents/year),

Q = weekday vehicle volume (veh/24h),

P = weekday pedestrian volume (ped/24h),

x.= factor i included in the model (explanatory variable),
i

k,a,B,ai= regression parameters,

e = random component, which follows the Poisson distribution.

A significance test is based on a scaled deviance D, which is

a likelihood measure of a discrepancy between two models. The

scaled deviance between a given model and, so called, a null model

(sample mean) is used in testing significance of a whole model ,

while significance of each factor is based on a decrease of the

scaled deviance after an inclusion of a considered factor into

the model. The x- distribution has been assumed in the analysis.

This assumption seems to be valid because of the average number of

accident in the sample higher than 0.5. The Mean Deviance Ratio

(MDR) is an auxiliary statistic used in the significance testing.

MDR is calculated as follows:

Scaled deviance difference

MDR = (2)

Residual scaled of the best model

 

The scaled deviance and degree of freedom differences refer to the

two considered models while the residual scaled deviance is a

scaled deviance of the best fitting model. The MDR is approximately

distributed as a F statistic.

Difficulties with an accident data analysis and with results

interpretation (correlation between factors) justify seeking for

accidents surrogates which would be free from these drawbacks.

Traffic conflicts and critical events are the most popular

intermediate measures in traffic safety analysis. A critical event

is defined in such way that its linkage with safety (and accident

frequency) is obvious. A change in a critical events frequency is

used as an indicator of a change in traffic safety [5]. An analysis

of factors influencing a critical events frequency could be useful

for better understanding an accident occurrence process.

According to the Polish accident census, red signal violation

by pedestrians accompanies accidents with pedestrians at signalized

crossings in 2/3 cases. Field measurements conducted by the authors

in Cracow indicated, that 17 percent of pedestrians at signalized

crossings step on a roadway, when a red signal is displayed. The

same category of pedestrians (red signal violators) participated in

67 percent accidents occurred at signalized pedestrian crossings.

The simple calculation:
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63 100-63

- p _---- = 8.3

17 100-17

indicates that crossing a roadway during red signal is over eight

times more dangerous than during green. Thus, a study of pedestrian

red signal violation should provide some insight into the process

of accident occurrence. Factors affecting the probability of red

signal violation by pedestrian have been identified using a

multiregresssion technique. The probit form of a model has been

assumed:

Q 1(1 u) = Zaixi + g (3)

where:
$ = density function of the standardized normal distribution,
1 = probability that a pedestrian arrived during red violates this

signal,
= factor i (explanatory variable),xX

a.= regression parameter.

£ = random component ,which follows the Binomial distribution.

The significance tests are based on the scaled deviance D.

4. REGRESSION ANALYSIS AND RESULTS

A step-wise procedure in a regression analysis led to the optimal
regression models comprising the factors significant at the assumed
level. Theoretical foundations of the significance tests applied in
the study are given in p.2. The step-wise procedure used in the
analysis contains two stages. In the first stage, so called, a null
model (sample mean) is extended step by step by inclusion of the
factor, which gives the greatest reduction of the model scaled
deviance D. In the second stage, when any remaining factor reduces
the scaled deviance significantly, each factor included so far in
the model is checked whether can be removed from the model without
substantial increase in a scaled deviance.

In the model extension, two explanatory variable types have
been considered. A simple quantitative variable X is represented in
the model by the expression a*x, (where a is a regression
parameter), while the second - hierarchic variable is expressed by
6.X, where 8 is the qualitative variable with n levels and X is a
simple quantitative variable. The variable 8.X is represented in
the model by the expression ai°x, where a,; corresponds to the i

level of the variable 8.

The results of the regression analysis are set up in Tab. 1 for

a number of accident and in Tab.2 and 3 for pedestrian red signal

violation. In the latter case, splitting up the sample according to

the presence of a pedestrian refuge area has been found justified
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Table 1

Values of regression parameters in the accident model (10% level of

significance)

Factor Regr . Parameter Sc. dev.

param. estimation| D/d.o.f.

error

Regression parameter ln(k) -6. 01 1. 08 196. 9/74

Vehicle volume Q (1000 veh/24 hrs) 1. 05 0. 18

Pedestrian volume N (1000 ped/24 hrs) 0.19 O. 14

Volume of public transport vehicles

at stops P (1000 veh/24 hrs) 0.99 0. 29

Central reserve or ref. island aw 0. 35 0. 19

Vehicle phase-to-cycle ratio p (-) 3.13 0. 88

Fraction of vehicles passing

crossing during vehicle phase u 2. TO 1. 07

Vehicle speed during vehicle phase

(mean value) (m/s) 0. O75 0. 040

Vehicle clearance distance before 70. 1/66

phase for pedestrians L (m) 0. 0077 0. 0048 °

Table 2

Regression parameters

(5% level of significance)

in the model of pedestrian red signal

violation when a roadway adjoins a central reserve or refuge island

 

 

 

     

Estim. Scaled Reduction of

Factor Regr. |error dev. |scal. deviance

param. |of reg|of the|Extend. Final

param. |model |model model

Regression parameter k (-) 978 .104 2407 - -

Adjusted vehicle volume Q

(0.001 veh/h) a . 691 . 029 1113 1294. 651.5

Required pedestrian speed v

(m/s) Pl-.s10 .os1 air 196.5 238.0

Area function sf -. 448 . 039 839 T7 . 3 133.3

Pedestrian volume N

(0.001 ped/h) . 224 . 022 792 47 . 4 109.9

Tram stop presence at (-) -.234 .030 691 100.7 59.6

Length of vehicle phase r
(s) -. 0057| .0017| 678 13.2 11.9
Number of directions from
which vehicles come K (-) . 026 013 674 3.8 3.8
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Table 3

Regression parameters in the pedestrian red signal violation model

 

 

 

     
 

  

for a street without a pedestrian refuge area (5% level of

significance)

Estim. Scaled |Reduction of

Factor Regr. |error dev. |scal. deviance

param. |of reg|of the |Final

param. model |model model

Regression parameter k (-) |-2.83 .146 2426 - ~

Adjusted vehicle volume Qa

(0.001 veh/h) . 870 . 036 1388 1038. 671.5

Width of a roadway b (m) . 128 . 008 982 405.9 182.3

Number of directions from

which vehicles come K (-) . 302 . 025 826 156.5 133.7

Pedestrian volume N

(0.001 ped/h) . 277 . 042 638 187 . 4 44. 5

Mean vehicle speed during

vehicle phase Y,, (m/s) .0247| .0063| 626 11.8 15. 2

Area function Sf . 189 . 046 618 8. 0 16.8

%:?gth of vehicle phase r |_ pos,4| op1i4| 603 16.1 16.1

since it substantially reduces the scaled deviance of -the
regression models when comparing to the model for the whole sample.
An additional factor has been included in the analysis of red
signal violation, called an adjusted vehicle volume Qa and
calculated from the following formula:

Qa=Qr/p (3)

where:
Qr = vehicle volume occurring during a vehicle phase (veh/h),

p = vehicle phase length-to-cycle ratio.

5. DISCUSSION OF RESULTS

5.1 Accidents

In many cases in the carried analysis, reduction of the scaled

deviance D strongly depends on which factors have been included so

far into the model. It is a result of the correlation between the

explanatory variables. This correlation obscures an actual impacts

of the investigated factors on an accident frequency.
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Undoubtedly, vehicle volume Q is the factor most strongly

influencing an accident frequency. The pedestrian volume impact (N)

is much weaker than vehicle volume and becomes insignificant at the

10% level of significance after inclusion of the other factors into

the model. Probably, it is an effect of pedestrian grouping when

crossing a roadway and a strong correlation between pedestrian

volumes and volumes of public transport vehicles. This latter

phenomenon is characteristic for Polish conditions where tram and

bus stops generate a substantial pedestrian volumes at pedestrian

crossings functionally linked with these stops. A decrease of

pedestrian volumes across a roadway during the red signal when

pedestrian volume increases (see p.5.2), could have some

contribution in the reduction of the pedestrian volume impact on an

accident frequency.

Public transport volume (P) at the stops located near

pedestrian crossings strongly decreases pedestrian safety. This

result can be interpreted as an effect of pedestrians' hurry when

they try to catch a tram or bus stopped at or oncoming to a stop.

Moreover, this value is correlated with the pedestrian volume.

In Poland, two-phase signals together with green arrows for

right turning vehicles are a common practice. In this solution

conflicts between pedestrians and turning vehicles occur. The

proportion u of vehicles passing pedestrian crossing during the

pedestrian phase has been measured and used in the regression

analysis. Although a pedestrian accident frequency increases when

the proportion u increases, as it is seen in the regression model,

a decision about appliance of multiphase signals is not obvious.

Long pedestrian red periods and large red-to-cycle ratios occurring

at a multiphase signals can increase a number of red violations

and, in result, pedestrian safety deterioration. Thus, the presen-

ted regression model can be helpful in signal setting designing.

Although the vehicle speed factor has been found significant,

its impact on the number of accidents are not strong. It should be

noted, however, that the model does not include accident severity

which is influenced by vehicle speed.

Control parameters are a very important group of factors,

because these parameters are easy to change by a traffic engineer.

Among considered signal factors, the vehicle phase-to-cycle ratio

significantly affects an accident frequency. The factor p strongly

determines a number of pedestrian arrivals during red signal, and

through that, also a number of pedestrians deciding to violate this

signal.

It is worthy to note that linkage between pedestrian refuge

area and an accident frequency was very clear before inclusion of

the other variables. However, in the final model, this impact is

turned out to be rather weak. Pedestrian safety decrease caused by

a central reserve is explained with a higher number of pedestrian
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violating red signal in comparison to the case with a single

roadway street.

The lack of a statistical relationship between a number of

accidents and a proportion of pedestrians violating red signal can

be surprising. The homeostasis theory [6] can provide some

explanation of this phenomenon but limited length of the paper does

not allow to discuss this issue here.

5.2 Red signal violation

Pedestrian red signal violation is considered as one of the

most important factors determining pedestrian safety at signalized

crossings. In Poland crossing a street during the red signal period

is eight times more dangerous than during the green period. It

means that elimination of red signal violation (17% of crossings)

should reduce number of pedestrian accidents at signalized

crossings by 55%. Thus, an analysis of factors influencing red

signal violation should give additional knowledge about accident

factors.

The dependent variable pu has been defined in a way that the

number of pedestrians Nr violating red signal can be calculated as

follows:

Np s Nopou (5)

where:

N = pedestrian volume,

p = vehicle phase-to-cycle ratio,and u is assessed in the formula

(see p.2 and Eq.3):

u = 1 - ©$(Ea.x.) (6)
i i

This relation should be taken into account when discussing results

obtained from the regression analysis.

As previously, vehicle volume (adjusted here) is the most

important factor affecting a pedestrian behavior. However, in this

case an opposing sign of the impact is in accordance with

expectations. The heavier vehicle traffic, the smaller fraction of

pedestrians violating the red signal.

An interesting result refers to the pedestrian volumes. The

relationship found for pedestrians has the same sign as for

vehicles. It should be stressed here that dependent variable

expresses the probability that a given pedestrian arriving during

red signal decides to violate this signal. So, the result can be

concluded in the following way: the higher number of pedestrians

waiting for green signal, the lower portion of them decides to take

higher risk crossing a roadway during red signal. In psychology

this phenomenon is known as "a diffusion of responsibility".
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The vehicle speed impact is rather weak, whereas it might be

expected stronger. A high level of uncertainty in the mean speed

measurements and estimation caused by a random variation, can be

some explanation.

The impact of a width of a roadway has been found significant

only for crossings without a pedestrian refuge area. Wide roadways

discourage pedestrians from stepping on a roadway when a red signal

is displayed. Smaller differentiation of roadway widths in the

sample of divided roadway crossings is a possible reason why the

road width effect in this case could not be indicated as

significant.

The required pedestrian speed is an important factor affecting

the red signal violation frequency at crossings through divided

streets. Too short green signal for pedestrians, when two roadways

are to be passed during the same green, causes an increase in the

number of red signal violations at the second roadway. It is an

additional traffic control factor besides the vehicle

phase-to-cycle ratio which determines the number of potential

violators (pedestrian arrivals during red). Pedestrian behavior is

influenced also through the length of pedestrian red signal. Too

long red causes more frequent crossings through a roadway before

signal changes. This effect is included in the both models.

The number of directions from which a pedestrian expects

conflicting vehicles represents a level of complexity in a

pedestrian decision situation. The more directions, the more

difficult decision of crossing a roadway during red signal and in

consequence, the smaller portion of pedestrians violating the red

signal. This factor has been found significant for both pedestrian

crossing types.

Not so clear to explain is the area function impact which has

different sign, with regard to a type of a pedestrian crossing.

Strong correlation with pedestrian volume obscures this effect.

6. CONCLUDING REMARKS

This paper has described aspects of research into pedestrian

accidents at signalized pedestrian crossings. The research has

provided valuable insight to the nature of accidents at such

crossings and through the regression analysis has highlighted and

quantified the effects of those features of geometric and control

design , which have an important effect on safety. The results are

essential for the proper integration of safety into economic

assessment of projects and the appraisal of alternatives.

VTI RAPPORT 380A



215

The effects of a bus or tram stop location near the pedestrian

crossing and turning car/pedestrian conflict should be pointed out

as very characteristic for Polish conditions. Besides of the clear

priority rule, vehicles turning right or left cause a lot of

conflict situations. It has been found that the pedestrian refuge

area encourages pedestrians to cross the roadway during the red

light. Vehicle speed does not seem to affect significantly

pedestrian safety at the considered crossings.

The authors have met certain problems in regression analysis

related to strong correlation between some accident factors. It was

also necessary to develop the special method for handling a

classified traffic and pedestrian flow data, to obtain the average

daily flows by factoring the counted flows.

The obtained results and models should be recalibrated again

on the basis of 3-year accident data after the suppression of the

petrol coupon system.
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CHILDREN'S TRAFFIC ENVIRONMENT AND ROAD SAFETY

EDUCATION

Pia Bjorklid

The principal aim of the study is to investigate how children and adults (teachers,

parents, those in authority) experience and interpret children's traffic environment and

traffic safety.

Interviews have been carried out with 90 children aged 8, 11 and 14, of which one

third live in a residential area, one third in an inner city area and one third in a

suburban traffic-separated area. The children's parents have answered a questionnaire,

and the children's schoolteachers have been interviewed on the their view on the

children's traffic environment and on road safety education. In addition, interviews

have been conducted with officials at national and regional levels, whose area of

responsibility encompasses school and traffic.

The results clearly demonstrate different living conditions with regards to traffic safety

for those children living in traffic-segregated area in comparison with those in traffic-

integrated areas.

Increased traffic and the expansion of the road system has led to relentless competition

with children's play areas and the roads they take to school and use in their leisure

time. It is very clear that society completely ignores children's needs and safety when

conflicting interests arise. The traffic environment is a particular clear example of this

- though of course there are many others.
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CHILDREN'S TRAFFIC ENVIRONMENT AND ROAD
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OF ENVIRONMENTAL AND DEVELOPMENTAL

PSYCHOLOGY.

Pia Bjorklid

Lecturer/Ph D

Stockholm Institute of Education

Box 34 103

100 26 Stockholm SWEDEN

1 INTRODUCTION

The theoretical framework for this study - the ecology of human

development (Bronfenbrenner, 1979, 1989), environmentaland

developmental psychology - emphasises the importance of a global

view of the child's development and formative environment. It builds

on a view of children's development in which the role of the

individual in society is regarded as interactive; that is, the individual

seeks knowledge and develops through a relationship of active

interplay with the environment - the social as well as the physical -

influencing and being influenced by it. In other words, the individual

is not only shaped but also shapes the environment, and has an inner

need to do so. Moreover, it is not only the child's immediate

environment that is significant for his development but also those

surrounding and more peripheral environments with which he has no

direct contact, as for example different municipal conditions, the

parents employment situations, as well as different ideological,

political and economic values and relationships existing in a given

culture or subculture. This model is used as an instrument for

analysing the child's opportunities for learning and development in

different physical environments (cf. Bjorklid, 1982, 19912).
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There are clear limits to children's capacity to cope safely with traffic.

On the basis of empirical studies and developmental theories, Sandels

(1975) has concluded that children under the age of ten lack the

biological capability to behave safely in traffic at all times and cannot

be taught to behave correctly. Children cannot perform beyond the

limitations imposed by their own maturational level. It is therefore

important not to overestimate the power of road safety education (cf.

Ampofo-Boateng & Thomson, 1989; Bjorklid, 1985; de Lavalette,

1989; Elliott, 1985; Kohler & Jackson, 1987; OECD, 1986; Singleton

& Woodcock, 1990). Consequently, road safety education should not

replace work on traffic safety in the form of risk-free environments.

Following a parliamentary decision of 1982, road safety work in

Sweden has acquired a new complexion. The Swedish Road Safety

Commission points to two groups of measures aimed at promoting

children's safety in traffic:

1. environmental measures directed at segregating children and

traffic by means of planning and regulation of the traffic

network;

2. appropriate education and training of children in traffic, which

according to the Commission can make a contribution to

ensuring children's safety

Children's road safety problems are regarded as depending not on

themselves but on the design of the traffic environment. This view is

based on previous research into children and traffic - in particular the

pioneering studies of the Swedish child psychologist Stina Sandels

(1975).
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2 SCHOOL CHILDREN'S TRAFFIC

ENVIRONMENT - A RESEARCH PROJECT

2.1 Aim, scope and procedure of the project

Society develops quickly and the environment in which children grow

up is a subject to constant change. We know little about how children

themselves experience the complex environment that surrounds them

and the sorts of problems they face.

Ecological approaches in psychology treat the environment both as

objective phenomenon and subjective construction. In the study of

environments, then, it is not only objective factors or relationships that

are relevant but also these are interpreted by the individual. Thus,

children and adults experience traffic from quite different viewpoints.

In order to understand a person's behaviour it is necessary to consider

it from the person's own point of view. This requires a capacity for

insight or empathic understanding and the ability to place oneself in

another's position so as to appreciate the thoughts, motives and

feelings lying behind, for example, an individual's behaviour in the

traffic environment.

The principal aim of this study was to investigate how children and

adults (teachers, parents, those in authority) experience and interpret

children's traffic environment and traffic safety.

Interviews have been carried out with 90 children aged 8, 11 and 14,

of which one third lived in a residential area, one third in an inner city

area and one third in a suburban traffic separated area. The children's

parents have answered a questionnaire, and the children's

schoolteachers have been interviewed on their view on the children's

traffic environment and road safety education. In addition, interviews

have been conducted with officials at national and regional levels,

whose area of responsibility encompasses school and traffic.

Aw Teachers' views on traffic safety

Teachers from schools in areas with integrated traffic (residential and

inner-city areas) felt the immediate environment to be more dangerous

for the pupils than teachers from traffic separated areas; they worried

more - as did even the pupils - and had more negative experience of
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their traffic environment. They also had more numerous desires and

suggestions as to environmental measures.

Teachers in the trafficked areas stressed the importance of

environmental measures as traffic safety measures for children,

whereas teachers in the traffic-segregated area were more prone to

teach the children traffic signs and rules.

In the areas where traffic was separated from the immediate

environment, the teachers were worried that the pupils did not get

sufficiently used to environments with traffic. In the areas with

integrated traffic, the teachers had no understanding whatsoever for

such fears with regard to traffic separation. They could directly

observe these on a daily basis and described several examples of how

the traffic was creating anxiety and stress among the children as well

as their parents. This influenced school work both directly and

indirectly.

In general, the teachers" opinion was that one cannot rely on children

behaving safely in traffic. They used however traffic diagnostic tests

in their road safety education classes, but were very uncertain about

their effects.

They saw it as their task to protect the pupils in traffic situations by

imposing the use of helmets when pupils cycled and by pointing out

specific dangers in the traffic environment during study trips and

outings. The teachers did not however call this road safety education.

2.3 Parents and traffic safety

Discussions of children's road safety often revolve around the

question of whether environmental measures should be instituted - i.e.

whether children and traffic should be segregated in the local

environment so that play can occur under safe conditions - or whether

children should be encouraged to adapt to the traffic environment to

which we adults give priority. In the latter case it is personal measures

that are stressed, in the form of parental training of children aimed at

producing good road-users. In the matter of supervision, conflicting

research results have been found. On the one hand, certain studies

show that the control normally exercised by parents is far from

adequate in the view of what we know today about children's traffic

abilities; on the other hand it is apparent that many accidents involving

children occur when the supervision in itself is good - i.e. when the
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parents or other child-minders are in close proximity to the injured

child (cf. Bjorklid, 1985).

Numerous studies have proved that practical training rather than

simple oral instruction, is significant for children's pedestrian

behaviour. Such training, however, can sometimes be difficult to

conduct, for parents do not always know where their children are - nor

can they be expected to - at every moment of the day. There is a great

deal else beside road-safety education that parents should do in order

to give children a harmonious and well-balanced upbringing. A

poorly-planned traffic environment creates endless conflicts between

parents and children and thereby places an extra burden on parents.

The results from this study shows substantial differences between

parents living in the different areas. Considerably fewer children from

the traffic-separated area had experienced a traffic accident or incident

compared to those in the traffic integrated areas. Also fewer parents

from the traffic-separated area had heard about traffic accidents in

their neighbourhood.

Table 1 "Do you know about any traffic accident that has

occurred in your neighbourhood?"

 

  

 

Traffic integrated areas Traffic separated area

Residential Inner city Traffic-separated

area area suburb

n = 25 n = 28 n = 21

Yes 56% 36% 19%

No 44% 64% 81%

 

Did the parents considered the road to school being traffic safe?
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"How traffic safe do you consider your child's road to

school?"

 

Traffic integrated areas Traffic separated area

 

Residential Inner city Traffic-separated

area area suburb

n = 25 n = 28 n = 21

Very or quite

safe 42% 72% 100%

Very or quite

dangerous 42% 28% 0%

The child does

not walk to 16% 0% 0%

school

 

Again, the parents from the traffic separated area considered the road

to school being safe.

Table 3 "Are you worried about your child's traffic safety in

your neighbourhood?"

 

Traffic integrated areas Traffic separated area

 

Residential Inner city Traffic-separated

area area suburb

n = 25 n = 28 n = 21

Yes 68% 39% 6%

No 32% 61% 94%
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Consequently, more parents in the traffic integrated neighbourhoods

were more worried for their children's traffic safety compared to those

in the traffic-separated area.

They are torn between protecting their children and giving them the

freedom they need for emancipating themselves from their parents,

that is for the children to be able to explore their local environment on

their own, to undergo stimulating environmental experiences, to

participate in various activities which facilitate their development.

Parents are forced to accept some traffic risks in their children's local

environment. Children lives dangerously and parents worry. This

creates a conflict that parents in the areas with mixed traffic are forced

to live with and which becomes part of their everyday life.

Table 4 "Is there anything in your neighbourhood that you

would like to change in order to improve children's

traffic safety?"

 

 

Traffic integrated areas Traffic separated area

Residential Inner city Traffic-separated

area area suburb

n = 25 n = 28 n = 21

Yes 72% 64% 40%

No 28% 36% 60%

 

Many parents feel considerably anxiety that their children may be

involved in an accident of some kind - this "caring-anxiety" derives

not least from traffic. To reduce their anxiety, the parents in this study

claimed environmental measured to be instituted. When parents

experience worry over their children's traffic environment and have

negative experiences of it, they attempt to protect the children in a

variety of ways: by engaging in activities to improve the

environments, pointing out traffic dangers, limiting the children's

freedom of movement, etc. Many parents expressed a desire for
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improved traffic safety around their residential area - especially in

areas with single -family houses and in inner city areas. A smaller

number wished to see improvements around the school. Still others

expressed desires related to decreased speeds, speed-reducing road

bumps, decreased motor-traffic, and measures related to the traffic

environment such as pedestrian crossings, traffic signals, pedestrian

tunnels, the removal of hedges impeding vision, the closing of certain

roads, cycling tracks, improved pavements, obstacles to prevent entry

into areas with playgrounds, speed reductions for cyclists and moped

riders on walkways.

They had thus their own views about the design of the local

environment and were positively disposed towards measures aimed at

improving the safety of the traffic environment even when this entails

reduced accessibility for motor traffic.

However, the parents were uncertain about where to turn in order to

promote their demands and about the council's possibilities for

meeting the needs of unprotected road-users. They also expressed a

sense of powerlessness in the face of bureaucratic barriers and what

they perceived as authorities' lack of urgency.

By planning for motoring and motorists, society forces children to take

risks which their parents worry over - a conflict which they are

obliged to live with and which becomes a part of their daily lives.

2.4 Children's view on road safety education

The findings from the interview study of pupils in compulsory

elementary schools shows that pupils from traffic-integrated areas

(residential and inner-city areas) experience their local environment as

more dangerous than do pupils in the traffic-separated area. The

former are more anxious and have experienced more unpleasantness

in the traffic environment in terms of higher risks, limited freedom of

mobility and discomfort from car emissions.

The children blamed themselves when they were involved in

accidents. The pupils seem to be aware of the dangers of traffic and

what traffic safety in principle is. But it is difficult and sometimes

impossible for children living in the trafficked areas to apply their

knowledge. The pupils submitted proposals for improving the

environment, but have neither the knowledge nor the experience of

how to participate in the processes for ensuring the implementation of
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measures to improve the environment. The proposals were dependent

on their local environment and consequently fewer and less varied in

the traffic separated area than in the others. However road safety

education did not appear to differ in the three areas.

The conclusions of this analysis demonstrate that the traffic

environment creates numerous conflicts relating to the conditions in

which children and young people grow up.

2-8 Children's participation - or tokenism?

The democratic process is based on the assumption that the citizens of

a society actively participate in its decisions. However, when children

are given the opportunity for participation, there is a risk that they may

be used rather than offered genuine power and responsibility, that they

may be allowed merely to help adults out (cf. Hart, 1992).

Such a risk is present in the so-called "school police" programme,

where children are provided with the responsibility of safeguarding

their schoolmates against traffic - though only under the conditions

imposed by hazardous school roads (heavy traffic, exhaust fumes,

noise, etc.).

The point I wish to make is that it is important not to transfer

responsibility onto children so that adults can avoid their own duties.

In a number of countries, however, one finds this task performed by

adults, for example Britain, has so-called "lollipop" men and women

who stop the traffic for children.

The role of school police officer is one which pupils take on

voluntarily in certain schools around the age of 11 or 12. The school

police officer's principal duty is to ensure the safety of his or her

schoolmates. In the interviews I conducted the children also

mentioned punishment as one of their duties, something which in itself

must entail a certain traffic risk. One boy aged 11 put it thus:

You have to raise your arms when there are cars coming and

then you put a tick against anyone who doesn't obey but runs

across the road instead. Three ticks and you have to see a

teacher
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A 14-year- old boy who had been a school police officer spoke of the

difficulties of following the rules drawn up by the adults. These were

formulated in such a way that they encouraged transgression, while

making it difficult for the officer to ensure that they were followed.

The danger is that the child feels powerless. There they stand with

outstretched arms while running an obvious risk of being ignored.

A number of children expressed a fear of becoming a school police

officer. One boy aged 8 said:

I wouldn't want to be a school police officer, co's I don't like

being in the middle of the traffic.

An 11 year old girl said:

Mummy thinks there's so much traffic there. She's afraid

they'll drive up on the pavement.

For most of the children the disadvantages outweighed the advantages;

more than half of them did not wish to become school police officers.

Certain of the pupils, however, had high expectations in terms of

rewards. Indeed the reward was for them the principal motivation for

becoming an officer. A girl of 14 expressed it thus:

When we were picked, it seemed really fun. We were to go to

the funfair and to a lemonade factory where we could drink as

much as we wanted. but when we were standing there, it was

dull and boring. It was cold as well.

To conclude then, the aim of road safety education, according to

official recommendations, is to encourage parents and children's

interest and ability in improving their local environment rather than

simply to bring about children's accommodation to it. However, in

order to achieve genuine participation and avoid the risk of pseudo-

democracy, it is necessary that attitudes to children be based on a

relationship of mutual respect.

To respect children means to acknowledge the importance of their

play environment and school and leisure routes, and thereby to adapt

the environment according to children's needs. This implies in addition

the protection of other risk-groups such as the old and disabled.
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3 CHILDREN AND TRAFFIC FOR THE YEAR 2000

The project "Children and traffic for the year 2000" (Bjorklid, 1991¢)

was an inter-disciplinary forecasting project. The purpose of this

project was to assess the future traffic-safety situation of children and,

on the basis of this, to analyse research needs.

It took form as follows. During the initial phase, descriptions of the

present situation and then prognoses of the future were developed for

many areas affecting children and their environment. With this as their

point of departure, several researchers developed scenarios for the

future of children and their traffic environment. The participating

researchers come from the fields of planning, traffic safety, health and

environment, informational technology, and cognition and

environmental psychology. The scenarios were then analysed with the

aim of identifying common themes.

A synthesis was made of the "pictures" depicted in the scenarios.

Then, future research needs on children and traffic, their traffic safety,

and their traffic environment were analysed.

In many scenarios, a considerable effort had been made to integrate

different problems into an overall picture, where accident risks, health

risks, children's developmental opportunities, parental care, and so on,

were simultaneously taken into account.

Furthermore, if the scenarios reflect the future realistically, stronger

demands for increased influence on local environment will be heard

from both children and adults. In this context, children and young

people must be seen as subjects and agents/actors and as knowledge-

generating as well as the objects of environmental friendly policies.
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4 TRAFFIC ENVIRONMENTAL STRESS -

FURTHER DEVELOPMENT OF EARLIER

PROJECTS

A central dimension of all previous projects is the anxiety andfear

related to children's upbringing which arise from ever-growing car

traffic. This anxiety and fear not only concerns the risk of physical

accidents, but also air emissions, noise, curtailment of children's

outdoor environments, restrictions on their freedom of mobility,

isolation from other children and adults, greater necessity for parental

supervision and control, and so on. The anxiety concerns the

environment's conduciveness to promote a good social and physical

development of children. One of the threatening scenarios is that we

are adapting to environments that are injurious, both in the short- and

long-term. The concept of risk thus ought to be expanded.

This anxiety and fear can be summarised in the concept of traffic

environmental stress. This is stress that is triggered by factors in the

traffic environment (cf. Levi 1985; Ekblad, 1991). Numerous

problems and research approaches which emerged during the earlier

projects, become more manageable if they are brought together in one

model so that we can see the connection between various types of

problems. Here a traffic environmental stress model is useful. It will

be taken up in my future research: "Traffic environmental stress. A

study ofstress reactions related to the traffic environment of children

and young people".

The objective of the project is to describe if and how parents and

children experience and manage traffic environmental stress in various

traffic environments.

The project is conducted within the framework of a theoretical model

on environmental stress and people's ways of copying with stress. The

model is based on Fisher, Bell, and Baum (1984) as well as Holahan

and Wandersman (1987). and is The objective of the project is to

describe if and how parents and children experience and manage

traffic environmental stress in various traffic environments.

The project is conducted within the framework of a theoretical model

on environmental stress and people's ways of copying with stress. The

model is based on Fisher, Bell, and Baum (1984) as well as Holahan

and Wandersman (1987).
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By means of the environmental stress model, we will study:

« Which traffic safety and traffic environmental problems in a child's

local environment evoke traffic environmental stress? How can

such stress be identified and observed?

« Which specific reactions create these problems in children and

parents?

« What actions do children and parents take to reduce traffic

environmental stress?

Stress can manifest itself in both physiological reactions (system

stress) and in the form ofpsychological stress, that is, reactions in

terms of perceptions and actions (cf., Selye, 1956, 1973, 1976;

Lazarus, 1966).

Environmental stress is as a reaction to physical conditions in the

environment. When people experience stress, they confront it in

different ways ("coping"). They may either try to influence the stress-

generating situation or they may attempt to adapt to it.

Stress is evoked by inadequate adaptation between what we need and

are capable of and what the environment offers and demands from us

(Levi, 1985).

The "unmodern" biological construction ofhuman beings does not

always correspond to the requirements placed on us by today's

environment (see also p. 6).

I found conditions resembling stress in the form of anxiety and fear in

children, parents, and teachers in my previous research on the traffic

environment on the traffic environment of school-aged children

(Bjorklid 1990b, 1991a, 1991c¢, and 1992). Such conditions were most

common in traffic-integrated areas (planning solutions where car

traffic and unprotected road-users are mixed without particular

separation). Stress can be seen as a mobilising force in the face of a

threat. What is interesting is how and to what effect it is used and

what the effects of the reactions are on the children's development. For

example, parents may react by attempting to influence the traffic

environment. They may also try to protect their children by restricting

their freedom of mobility and by delaying their entry into the ranks of

pedestrians and cyclists in traffic. Or they may take on transportation
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duties in the form of escorting or driving the children to their various

activities outside the home as a part of the children's upbringing. They

may supply the children with protective equipment such as reflectors,

bicycle helmets, and the like. Other ways of managing traffic-bound

environmental stress are providing road safety training, warnings, and

supervision.

Environmentalpsychology is an inter-disciplinary study of the

interaction of human beings and their physical environment. The field

of environmental psychological research has expanded rapidly in

recent decades - not least due it is pragmatic attempt to illustrate and

find solutions to societal problems. The concept of environmental

stress derives from environmental psychology.

Environmental stress arises as a reaction to physical environmental

conditions. When people experience stress, they try to manage it in

various ways ("coping"). They may attempt to influence the stress-

generating situation or try to adapt to it. Both the influencing and

adapting reactions can take different forms - depending on the type of

factors - stressors - that elicit stress. The suitability of the reactions

will determine the short- and long-term effects of the stress on the

individual and his/her development.

The design of the traffic environment as stressor for children and their

parents is an unexplored field. It encompasses both characteristics of

the environment and of individuals, as well as the interaction between

them, which give rise to the stress.

The first concerns characteristics of the traffic environment that cause

stress. What is it in the environment and in car traffic that is especially

critical? Is it the volume of traffic, the speed, the mixture of various

types of road-users, the high degree of variation, the degree to which

the traffic is integrated in the environment, or what?

The second concerns how children and their parents manage such

traffic environmental stress. Which range of measures is available to

them and which type of reactions arise in which types of situations?

Different types of reactions may occur, from attempts to influence the

traffic environment and its sources of emission, to individual reactions

in the form of flights away from densely-populated areas. Various

degrees of congruence or discongruence may exist between children's

developmental needs and stress reactions to the environment by both

children and their parents. Stress which leads to constructive reactions
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can help stimulate children and their competence, such as in attempts

to improve the traffic environment. Road safety training - even though

it may be of limited usefulness for traffic safety - may also be

constructive for children's development by strengthening their self-

confidence and sense of control over the threat posed by traffic. Stress

reactions which lead to the over-protection or limited mobility of

children may result in a decreased exposure to accident and health

risks in traffic - good from the standpoint of safety - but the same

measures may have an inhibitory effect on their physical, social, and

psychological development. Stress that neither children nor parents

can find adequate reactions to may lead to destructiveness, strain, or

be internalised into a passive anxiousness. It may also lead to the

repression of the stressor or a denial of the stressor's effect on safety or

health.

Stressors, stress reactions, stress conditions, and their significance for

the development of children form a complex field which must be

researched in the context of the traffic environment of children.

It will be possible to use the results from the project in their entirety

for traffic and environmental planning within traffic-safety programs

aimed at decreasing or eliminating environmental stress. Further,

against the background of the theoretical frameworks of

developmental and environmental psychology, the findings may give

rise to hypotheses concerning the short- and long-term effects of

stressors and various reactional patterns on children's development -

psychological, social, and physical. If so, this will represent a

contribution to the theoretical development of the concept of

environmental stress.

5 CONCLUDING REMARKS

Today, people demand an accident-free and safe environment.

Tomorrow, we will not be content with this. The environment will

have to be safe in a broader sense - free from worry and fear. It will

have to be developing and stimulating for children. Gehl (1971) has

further developed Maslow's (1954) model of basic human needs and

placed them in relation to residential environments. Environmental

needs are grouped according to physiological needs, safety needs, and

psychological needs. When the safety requirements are increasingly

met, the need for stimulation and freedom of mobility will rise to the

surface. In the future, we will also demand a kind of mental security,
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which may become more and more important for the concept of the

quality of life. Being able to influence one's local environment is

another need that, judging from the scenarios described above, can be

expected to play a more prominent role for both children and adults.

The design of future outdoor environments should not be determined

exclusively by the desire to minimise accident risks. This is necessary

but certainly not sufficient. They must also add to the quality of life in

the broad sense of the word, by being safe, wholesome, and

stimulating for children. Children's development takes place in

outdoor environments as well.
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Abstract

The problem of road accidents is very important as Greece has one of the highest accident

rates in Europe. The problem seems to be more accute for accidents involving pedestrians

and two wheeled vehicles.

This paper deals with this last one and it presents the results of a study, which has been

carried out by our Laboratory during the last 10 years.

The paper contains the following:

Age distribution of pedestsrians and motorcyclists participating on casualties, in

connection with the behaviour of the victims and the reasons of those accidents.

Factors affecting the motorcyclists accident rate, namely use of helmet (recently

obligatory in Greece), license of driving, etc.

Gravity and accident risk.

The results of the investigation has proved the importance of factors called social, like

behaviour of both drivers and pedestrians (especially elderlies which have problems to be

integrated to city traffic), poor driving education together with technical reasons like poor

infrastructure in comparison with the enormous augmentation of the motorization.

The amelioration of traffic safety demands a combination of technical and social

measurements, especially for countries in development like Greece.

The Highway Engineering Laboratory has began a pilot project for children education in

schools.
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"THE PROBLEM OF ROAD SAFETY IN GREECE".

A Survey of Pedestrian and Two-wheeled Vehicles Accidents.
G.TSOHOS, Professor,Dr.Eng, A. DALAVERAS, Assistant, N. ILIOU, Dr.Eng
Research Fellow.

Highway Engineering Laboratory, University of Thessaloniki, GREECE.

1. INTRODUCTION

The problem of road safety in Greece is very important as deaths because of
traffic accidents posses the third place after cardiovascular diseases and cancer.
The problem seems to be more acute for accidents involving pedestrians and
two-wheeled vehicles. The term two-wheeled vehicles includes mopeds,
motorcycles but not bicycles, as the conditions of the most Greek cities are not
attractive for this traffic.

This paper deals with accidents of these two categories, covering subjects like
accident evolution, victims behaviour, accident reasons. It is obvious that the
problem appears much more severe in towns.

2. ACCIDENT STATISTIC.

2.1 General Situation.

Fig. 2.1 to 2.3 involve the evolution of vehicles, road network and accidents in
Greece during the decade of 80s.[1], [2].
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Fig. 2.1 Vehicle evolution during 1980 - 1990
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It is obvious that

- The road network development in comparison to the car ownership is

very poor.

It does not exist any constant trend in accident evolution

- The accident rates (Ar) between 1980 - 90 are:

Ar, gg,(accidents/1 Osvehicle*km) = 1.34
(accidents/10®vehicle*km) = 0.70

which means an amelioration of safety (relatively).

The severity of accidents is :

S19so = 1-79

which means that we have less accidents (relatively) but their gravity is
greater.

2.2 Comparison with other countries.

The comparison of Greek accident status with other European countries is given
in table 2.1
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Table 2.1. Number of deaths per million motor vehicles and

casualties per thousand accidents (for 1989).

 

Country B D DK E F UK IRL
 

Number of

deaths6 per 408 250 353 672 413 219 255 501

10

vehicles
 

Number of

casualties 1408 1331 1241 1608 1445 1312 1385 1589

per 1000

accidents
           

 

Country L NL P N s TR GR
 

Number of

deaths6 per 345 246 1000 197 233 3148 816

10

vehicles
 

Number of

casualties 1264 1175 1446 1398 1360 1930 1508

per 1000

accidents
          

Source [4]

It is clear that Greece between the European Community countries presents a

very low safety level.

2.3 Two-wheeled vehicles and Pedestrian accidents.

2.3.1. General view.

As it has been already mentioned under two-wheeled vehicles are involved

mopeds, motorcycles excluded bicycles. Fig 2.4 gives the evolution of

motorcycles (of any type) during the last decade

The two-wheeled vehicles participation (%) to the whole number of accidents

causing casualties is given in Fig.2.5 [1], [2].

The pedestrian participation (%) on fatalities and injured persons is given in

Fig.2.6.
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From the above given statistic of two-wheeled vehicles and pedestrian accidents

results:

- The two-wheeled accidents show an increase (+56.5%) which follows

closely the increasing number of such vehicles (+67.3%).

- For the pedestrians, it appears an increase of the accidents gravity.

Between 1984-88 the total injured persons and the injuries have dropped

about 10%, on the contrary the fatalities present an increase of 4%.

2.3.2 Comparison with other European countries.

Fig.2.7. is the graphical presentation of the accident status with two-wheeled

vehicles and pedestrians in comparison with some European countries (reference

year 1989) [4].
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3. THE TWO-WHEELED VEHICLES ACCIDENTS.

The two-wheeled vehicles are popular for a number of reasons,

- Ownership requires small capital investment.

Every-day's problems arising from traffic congestion and limited parking

availability.

- Average fuel consumption is low.

- A type of relaxation of the young generation.

These reasons explain the explosion of the two-wheeled vehicles ownership

(fig.2.4).

On the other hand the accident risk is much greater, as accidents with casualties

involving a two-wheeled vehicle are more than 30% of all accidents during the

last decade (fig.2.5).

In this chapter it will be examined the two-wheeled accidents as a function of:

- type of two-wheeled vehicle.

- Age of victims.

Traffic behaviour.

Causes of accidents.

The paper has been based on previous work covering the Metropolitan Area of

Thessaloniki [5], [6]. The below given values are mean values of the 80 decade.

3.1. The influence of two-wheeled vehicle's type on accidents.

The accident distribution as function of the engine cubature has been presented

in fig. 3.1.

125-250 cc
19.05%

50-125 cc

 

          

18.84%

250-750 cc
18.22%

> 750 cc
3.31%

Bicycles

5.18% Up to 50 ce
35.4%

Fig.3.1 Distribution of accidents according to engine cubature

of two-wheeled vehicles
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It is evident that the vehicles with small engines present an important accident

risk. An explication is that those vehicles can be rent without presenting a driving

licence.

3.2 The distribution of accident as function of the driver's age.

The age distribution of victims (fatalities and injuries) is presented in fig.3.2.

Injured Deads

15-24 years 0-14 years

15-24 yoars
25%

 

Fig.3.2. Age distribution of victims with two-wheeled vehicles.

It can be remarked that the half of the victims are young people between 15-24

years old. It is interesting that no death of pedestrian has been registered

(fig.3.3). It can be explained because of the flexibility and the lighter construction

of the two-wheeled vehicles in comparison to those of the other vehicles.

The percentage of victims by age groups in comparison to the percentage of age

group by total population is very high (fig.3.4). This is the real face of the

accident problem.

 

 

Fig. 3.3 Participation of pedestrians to the victims with two-wheeled vehicles.
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Fig. 3.4 Percentage of victims by age groups and percentage of
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3.3 Causes and types of accidents.

The types of accidents are given in Fig.3.5

Accident involving pedestrian
16.98% Divergion

5.25%Fixed object collision
6.29%

Collision
71.48%

Fig 3.5. Accident distribution according their type.

VTI RAPPORT 380A



251

The distribution of accidents according the causes is given in Fig. 3.6.
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Fig. 3.6 Causes of accidents.

3.4. Driver's behaviour.

It is no doubt that the driver's behaviour is many times behind the accident

causes and the accidents results namely gravity of accident.

Looking at the fig. 3.6, it is clear that many drivers don't respect the traffic

regulations. Accident causes like luck of priority, illegal left turns, STOP or red

sign violation etc. are only luck of respect not only the circulation law but also

include a part of anti-social and egocentric behaviour.

It shows also that the driving licence system operates insufficiently in connection

with poor police inspection.

Fig.3.7. gives the distribution of accident participants according to their driving

licence.

Licence of smaller category

  

 
 

 
 

 
          

// \\

Foreign country licence
0.62%

Car licence
20.91%

/
/

l~~ No IiL o licence
|L LA 43.27%

1
|

Unknown .
3.93%

Fig.3.7 Accidents and driving licence conditions.
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Fig. 3.8 involved accidents, which the driver was not carrying helmet.

To close the this two-wheeled vehicles accident survey it is given in Fig.3.9. the

distribution of accidents during day-night.

Day

58.98
Unknown

3.1, % With Helmet
23.19 %

   

  

WithoutHelme

 

73.71 %

Fig.3.8 Accidents and use Fig.3.9 Accident distribution as

of helmet. function of daylight.

4.1 THE PEDESTRIANS ACCIDENTS.

In previous paragraphs have been given the general status of accidents involving

pedestrians.

It will be examined the pedestrian accidents as a function of

- Age of victims

Pedestrian behaviour and corresponding accident causes.

4.1.1 Accident distribution as function of the pedestrians' age.

The distribution of pedestrians, victim of an accident, according to the

age-groups is given in Fig 4.1 (deaths) and fig. 4.2 (injured) together with the

percentage of each group on the total population.

From fig. 4.1 and 4.2 it is obvious:

Aged persons (>65) appear, for fatal accidents, two times higher

percentage than their percentage on total population. The explanation

can be the weakness of such persons to survive after an injury.

- On the contrary the very young persons (<14) appear a percentage of

fatality much more less than their percentage on population.

This remark has its explanation on two reasons one technical, which is

the city development in Greece namely without many possibilities of

children to stay and play near the streets and the other one is a social,

which is that Greek children are super protected by their parents.
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4.2.1 Pedestrian behaviour.

A survey of the causes of accident involving pedestrians has shown that 20% of

those accidents appear outside of pedestrian crossings. On the other hand

pedestrians, crossing a street, pay less of attention, which in connection with the

violation of speed limits is one of the main causes of accidents.
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5. CONCLUSIONS

The problem of safety has a technical and a social point of view.

To the first one belong poor infrastructure, extremely high traffic flow, not

sufficient driving licence education and examination's systems.

To the social point of view belongs:

- The driver's behaviour has not been harmonized to the actually traffic life

in towns.

- The aged population has not been integrated in urban traffic life

conditions.

- The poor police control.

The non-existence of traffic education at schools.

There is no doubt that only a combination of technical, functional and social

measures can ameliorate the safety level as:

= Better traffic education of the whole population (especially of children at

schools)
- During a period better police surveillance.

- Amelioration of infrastructure to accept the increasing motorization.

The Highway Engineering Laboratory has began the preparation of the material

for children education based on the experience of other European countries but

also modified to be adapted to Greek conditions.
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S U M M A R Y

Safety level in Greece is very low. The problem seems to be more acute for

accidents involving two-wheeled vehicles (mopeds, motorcycles) and

pedestrians. This paper deals with such accidents.

At the beginning it has been examined the accident evolution in Greece during

the last decade together with the development of motorization, car ownership

and road network.

The research shows clearly that the infrastructure has not followed the

motorization. After that it has examined the accident evolution in absolute and

relative numbers, and a comparison between Greece and rest European

countries (especially those of European community) has been done, which

shows that Greece possesses one of the lowest places of road safety.

The second part includes a detail research on accidents of two-wheeled vehicles.

It can be concluded that:

- The two-wheeled vehicles present a very high accident risk.

- The 50% of casualties belong to age-group 15-24 years.

- The accident gravity is much more higher than of the other vehicles, as

70% of two-wheeled drivers do not carry helmet.

- The violation of some fundamental traffic regulations, like speed

exceeding, violation of red signal, luck of priority or STOP sign, are the

main accident causes.

At the third part has been discussed the accidents involving pedestrians. It

seems to be a problem of elders than children, as the percentage (%) of fatal

accidents of aged persons (more than 65 years old) are almost t w i c e the

percentage (%) of aged persons on total population.

Main causes of pedestrian accidents are the movement outside pedestrian

crossings (20%) and luck of attention (20%). it is encouraging that young people

(< 14 years old) participate in accidents with accidents f o u r times less than

its participation on total population.

To confront the accident problem in Greece, it is obvious that it is needed a

combination of measures covering technical (amelioration of infrastructure),

administrative (better driving education and driving licence examination system)

and social (better traffic education of young and older people) aspects of the

problem road safety.
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