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ABSTRACT 

This thesis will argue that there is a mismatch between the information 

children are receiving about crossing roads from parents, schools and 

safety programs and the information they gain from their own experiences 

and from their observations of adult pedestrians. 

Initial observations suggested that two features of children's 

behaviour on the roads lead to their greater liability to have accidents 

as pedestrians. Children can often be seen to enter the carriageway 

without paying attention to the traffic - this behaviour, popularly called 

"heedlessness", appears frequently in accident report forms as an 

explanation of the accident. Secondly, children can often be seen to 

behave inefficiently, hesitating, making false starts and running 

dangerously close to cars, when they are apparantly fully aware of the 

traffic. This behaviour is best described as lacking in skill. 

The studies, to be reported, relate measures of children's road 

crossing behaviour to measures of their accident risk. They reveal 

basic differences in the way children behave on busy, major roads and 

on quiet, minor roads. There is little evidence of "heedless" behaviour 

on major roads, where children generally are fully aware of what they are- 

doing, but the children use different crossing strategies to adults. 

There is a contradiction between tYr way children are instructed to cross 

these roads and the way in which experienced pedestrians cross. Whereas, 

for example, children are instructed to stop at the kerb before starting 

to look for traffic, adults seldom arrive at the kerb without previously 

having assessed the crossing situation. Children do however develop 

these more efficient, adult crossing strategies in spite of the training 

programs. Children behave quite differently on quiet, minor roads. 

Here, there is more evidence of "heedless" type behaviour, and since 

quite frequently these roads are being used by the children as an 

extension of the pavement, it is unrealistic to expect them to behave 



otherwise. Conventional road safety instruction in this situation seems 

inappropriate. 

An approach for reducing accidents is proposed, the effectiveness 

of which could be assessed by the behavioural and risk measures 

developed in the study. A greater awareness of the different problems 

associated with crossing major and minor roads is required. On major 

roads we should aim for a greater segregation of children and traffic, 

they should be easily identifiable, and instructions for crossing them 

made more relevant. On minor roads it must be accepted that conventional 

safety instruction is inappropriate, and an alternative approach must 

be found. It is suggested that the role of the driver is a greatly 

neglected factor here, and that drivers should be encouraged or forced 

to drive more responsibly in areas with high densities of children. 
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The Problem. 

Of the 800,000 children born in Great Britain during 1970,2,200 

have either been killed or seriously injured while crossing or playing 

on roads before reaching their fifth birthday. Beforethey reach their 

fifteenth birthday another 6,600 will have been killed or seriously 

injured. 30,000 of these children will have been involved in some type 

of injury accident as a pedestrian by the time they arg 15 years old, a 

chance of 1 in 27 (based on 1975 accident rates). To put it another 

way, 30,000 children are killed or injured each year as pedestrians. 

Since the beginning of the century steady progress in the field of 

medicine has reduced, and is continuing to reduce, the numbers of deaths 

from disease. Accidental death is now the leading cause of death in 

the 5- 14 years age group in every European Country. (Council of 

Europe 1972). Road traffic accidents are now the most important cause 

of childhood accidents and children are most likely to be killed as 

pedestrians (Watson 1971)" While we have suceeded in dramatically 

reducing the number of children dying from disease, the number of children 

killed as pedestrians in this country has been rising steadily and it 

is only in the past few years that the numbers of these accidents have 

stopped increasing. Children are far more likely to be killed or 

disabled by a road traffic accident as a pedestrian than by any other 

cause. The cost to society of these accidents lies not only in the loss 

of life but in the long term economic consequences of permanent disability. 

The argument for more investment in research into childhood accidents 

is sound fjqym both a humane and a cost-effective viewpoint. 

Figure 1. shows the pedestrian casualty rates for different age groups 

from 1965 to 1975. Until 1968 casualty rates for all groups of young 

pedestrians has, -increased steadily. Since then, partly because of an 

increased awareness of the problem (and interest in road safety in general), 
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FIGURE 1 

Pedestrian casualty rates 1965-1975" 

(Reproduced from Road Accidents 1975. HMSO) 
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the casualty rates, for pedestrians and for all other roäd users, has 

been declining. Environmental changes and new traffic engineering and 

management techniques have-also played their part. Children, however, 

are still far too vulnerable, a*5-9 year old child is 42 times more'likely" 

to be killed or injured as a pedestrian, than an adult. Figure 2. shows the 

average number of child pedestrian'ca'sualties per annum. Boys have more 

accidents than girls, twice as many between the ages of 5 and 9. 

Approaches to the problem. 

There are several comprehensive reviews relating to child pedestrian 

accidents. Haddon$Suchman and Klein (1964) in an excellent book 

covering all aspects of accident research sum up the small number of 

early studies. More recent and comprehensive reviews can be found in 

Colbourne (M. Sc. thesis 1972) and Routledge (Ph. D. thesis 1975). Only 

the more important studies will therefore be considered here. 

The bulk of research to date has approached the problem of accidents 

from an epidemiological, standpoint. The now classic paper by Gordon, 

in 1948, proposed that accidents could be studied epidemiologically, 

drawing attention to the similarities between various distributions of 

diseases and distributions of accidents. The rapid progress in the 

control of the major infectious diseases, and the discovery of important 

new drugs at this time had rapidly increased the relative importance or 

accidents, and public health workers were quick to adopt this new 

analytical technique. 

Comprehensive accident data are now collected in most developed 

countries and epidemiological studies have been used to describe the 

frequency and distribution of accidents in an attempt to identify common 

factors in accidents. In this country accident data s gathered by the 

police authorities and is processed centrally by the Transport and Road. 

Research Laboratory (TRRL), from whom most of the'epidemiological studies 

originate, in the form of an annual review of road accidents dntitled 
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FIGURE2 

Number of accidents to young pedestrians by sex and age. 

Fatal and serious casualties 1975. 
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Road Accidents in Great Britain (HMSO). The Metropolitan Police, the 

Royal Society for the Prevention of Accidents and more recently Local 

Authorities are also active in this area. Havard (1974) summarises 

the importance of this work: "Until the adverse human and environmental 

factors have been identified and fully researched there is little chance 

of introducing the most effective counter measures". 

So far just about all that we know about child pedestrian accidents 

can be summarised as follows: 

Long Term Trends. Figure It shows that the child pedestrian 

accident rate for the youngest age group, after reaching a peak in 1967 

has been declining steadily since then. The rates for the two older 

age groups continued to increase until 1970, but are now beginning to 

decline. (Road Accidents 1975). 

Age and Sex. Figure 2 shows the distribution of child pedestrian 

accidents by age and sex. The number of accidents rise to a peak for 

both sex groups at around 5 years old, then steadily declines, levelling 

off at 15 years old. At the critical age (between 4 and 7 years), boys 

have twice as many accidents as girls but by the time children are 15 

years old this difference has disappeared completely. In other developed 

western countries the picture is much the same. The Swedish Scandia 

survey (1971) showed that in Sweden the accident rate is greatest in the 

3-8 year old age group. Yaksich (1960) showed that in the United States 

the risk is greatest in the 5-9 age group. It is probable that the age 

at which schooling commences, which varies in different countries, *may 

have an important influence on the incidence and distribution of these 

accidents. 

When the accidents occur. The peak time for these accidents is 

between 4 and 5 p. m. when approximately 20 of them occur. There are 

smaller peaks between 8 a. m. and 9 a. m. and between 12 noon and 2. p. m., 

at the times when children would be travelling to and from school, and 

traffic is most dense. Most accidents occur on Fridays and Saturdays, 
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Sundays have the fewest accidents. There are more accidents during 

the summer than during the winter, most probably because of the increased 

time children spend out of doors during these months. 

Where the accidents occur. Child pedestrian accidents are predominantly 

an urban phenomenon. Whereas the majority of adult pedestrian accidents 

occur on the busy main roads (classified roads) well over half the accidents 

in the 5- 14 year age group occur on the less busy residential roads 

(unclassified roads). Similarly while the majority of adult pedestrian 

accidents occur in the more complex traffic environments eg. at junctions, 

children have equal numbers of accidents at and away from junctions. 

The diffuse nature of these child pedestrian accidents increases the 

problems of prevention. 

A recent report from TRRL, based on a special study of child 

pedestrian accidents carried out in conjunction with the Hampshire 

Constabulary, has provided some new and previously unavailable 

information and it is worth summarising the main findings from this 

accident sample (Grayson 1975)" 

Where the children were going. Nearly a third of school aged 

children were either on their way to or coming from school at the time 

of the accident. There are no marked age or sex differences as far as 

specific journeys are concerned. However. when the child was reported 

as having been playing in the street at the time of the accident these 

differences are pronounced. Nearly twice as many boys as girls were 

involved in an accident while out playing, and there is a marked decrease 

in playing accidents with age. Nearly 40 of the pre-school children 

have accidents while playing and only 7% of the 10 - 14 year olds. 

Who they were with. Less than half the children were alone at the 

time of the accident. A third of them were accompanied either by an 

adult or by an older child. No sex differences were found. 

What they were doing. Only 40% of children claimed they had stopped 
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at the kerb before crossing and 80% were running at the time of the 

accident. Boys stopped less and ran more frequently. 

Type and action of vehicle. In the great majority of cases pedestrians 

were struck by vehicles which were recorded as "going ahead" at the 

time of the accident. Few accidents involved turning vehicles. 

Side of the road. Two thirds of the accidents occurred on the 

nearside of the road, the proportion of farside accidents decreased 

with age. 

Drivers of vehicles involved in pedestrian accidents. Little is 

known about the drivers who collide with pedestrians. On the basis of 

a statistical analysis of drivers who were involved in accidents with 

child pedestrians, Howarth, Routledge, Repetto-Wright (1972) suggested 

that drivers of different ages and sexes may react differently in the 

accident situation that involves the child pedestrian. A preliminary 

analysis from an 'on-the-spot' accident follow up study (Storie 1977) 

has shown that in 86% of all pedestrian accidents the driver is male. 

A full analysis of the data is to be published shortly. 

Considerable research effort has been directed towards studies of 

social and personality factors of children involved in accidents. The 

idea that some people are fundamentally worse accident risks than 

others, forms the basis of many insurance schemes, licensing restrictions 

and enforcement programs. Ever since Greenwood, Woods and Yule (1919,1920) 

investigated injury accidents sustained by women workers in munition 

factories, the concept of "accident proneness" has been widely researched, 

and arguments as to its existance or to its usefulness as a methodologic 

approach are unresolved. (Haddon et al 1964, Arbous and Kerrich 1953, 

Shaw and Sichel 1971). Several studies have been carried out with 

child "accident repeaters", the most cmmprehensive clinical study is 

that of Marcus"et al (1960), who concluded that the accident pattern 

of a group of 23 children who had had 3 or more major accidents, though 
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related to emotional problems, was not related to a specific diagnostic 

catagory. 

Burton (1968) compared the personality characteristics of 20 . 

children aged between 5 and 15 years who had been admitted to hospital 

following a road accident, with an accident free control group. She 

concluded , on the basis of a somewhat small sample, that "road accident 

involvement on the part of the child is rarely a chance occurrence, 

almost inevitably there is a long previous history of environmental stress 

and frustration". 

Several studies of the social background of accident involved. 

children (Langford et al 1953, Douglas and Bloomfield 1958, Backett and 

Johnson 1959, Read et al 1963, Ekstrom et al 1966, Burton 1968), 

suggest that the family environment exerts an important influence'upon 

accidents and that a disturbed home environment may render an. individual 

more susceptible to accidents. The level of-intelligence of the child 

was not found to be a significant factor. However, these studies of 

personality and social characteristics of accident involved children, 

tend to be difficult to interpret since the criteria for "accident 

involvement" and for matching of controls are different in each study, 

and are best summarised by Routledge (1975). "Invariably these studies 

have been retrospective, so that any differences found between the 

accident involved and comparison groups may be a consequence of the 

children's involvement in accidents. The children's activities, abilities 

or even personalities may have been altered by their accident involvement, 

and the assessments of parents and teachers, from which much of the 

data on which these studies are based, has been obtained, may well be 

influenced by knowledge of the accident. Finally, very few of the 

investigators make clear whether the personality and social factors 

found to be associated with accident involvement are the direct cause 

of the accident, or simply increq. se the child's exposure to accident 

risk". 
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As a part of a long-term investigation of child upbringing, Newson 

and Newson (1976). constructed an index of chaperonage from interviews 

with 700 mothers of 7 year old children. The index was constructed to 

determine the extent to 1, h ich children in their everyday experience 

came under the supervision of their parents. They found significant 

sex and social class differences and concluded that ".... by the age of 

seven, and in a whole variety of ways, the daily experience of little 

boys in terms of where they are allowed to go, how they spend their 

time, and to what extent they are kept under adult surveillance is already 

markedly different from that of little girls". Ani".... it is clear that 

the chaperonage factor discriminates between the different social class 

groups, so that a descent of the scale involves a falling off of adult 

supervision". Our own studies of children's exposure to traffic and 

supervision, (Howarth, Routledge and Repetto-Wright 1974 (b) ) based 

on comparisons of accounts by both children and parents of the childrEn's 

movements in the previous 24 hrs., found that parents tend to underestimate 

the children's exposure. No differences were found between the sexes at 

this age. The index of chaperonage most probably reflects parents attitudes 

towards supervision rather than the actual degree of supervision itself. 

A road safety survey amongst mothers of children between the ages 

of 2 and 8 concluded that age was the most important determinant of 

children's exposure. (Sadler 1972). "The factor which above all affects 

the chances that a child will play in the street, go on errands and 

messages, ride a bicycle on the road, walk to school on. his own etc. 

is his age. When he is just two years old he is unlikely to be 

allowed to do most of these things but by his ninth birthday he will 

be allowed to do most or all of them". Other factors such as social 

class, position in the family, the area in which the child lived and 

sex were found to have little or no influence on the child being 

allowed on the mad for whatever purpose. The incidence of street playing 
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however, was found to be higher amongst boys than girls. 

Road Safety Education. 

A new crossing code, the "Green Cross Code", was introduced iz 1971. 

For sometime it had been felt that the "Kerb Drill", which was 

introduced in 1942, was no longer appropriate due to increases in the 

volume and speed of vehicles. Pease and Preston (1967) had also found, 

on the basis of interviews and asking children to act out the kerb drill 

on an imaginary road, that the children appeared to learn the "Kerb 

Drill" by rote and tended to misinterpret it. The new crossing code 

was developed and evaluated by use of a questionnaire and tests of 

children', gability to follow the code. (Sargent and Sheppard 1974)" 

The aim of road safety education is to teach children to cross 

roads safely and so reduce the number of accidents to children as' 

pedestrians. The usual method of designing and evaluating the potential 

effectiveness of safety campaigns or teaching programs is, in the first 

instance, to test the children's understanding and recollection of the 

ma, erial presented. After a program has been running for some time 

its' effectiveness is assessed by looking at changes in the accident 

rates. - Or, to put it another way, - "using, dead or injured children as 

the dependant variable" (Howarth circa 1972). Apart from some obvious 

disadvantages, it is notoriously difficult to interpret this type of 

statistic. Changes in accidents rates are influenced by many factors 

which are difficult to control for. At the national level, strikes by 

transport workers or increases in fuel prices can cause fluctuations in 

overall accident rates. At more local levels fluctuations or downward 

trends in accident rates may be attributable to a multiplicity of 

factors, eg. traffic engineering projects, redevelopment schemes or other 

road safety campaigns. In addition, continual improvements are being made 

in vehicle design. 

It is tempting to attribute the downward trend in accident rates 
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for the younger child pedestrians (Fig 1) to the introduction of the 

Green Cross Code in 1971, and indeed statistics have been produced to 

support this (HMSO 1974). However, apart from the limitations of this 

method of evaluation mentioned earlier, one cannot be certain whether 

it was the increased publicity and interest generated by the introduction 

of the code that produced a decrease in accident rates, rather than the 

content of the code itself. The Green Cross Code is shown in Appendix 1. 

Colbourne (1973) has extensively reviewed the earlier studies of 

road safety education. As she pointed out, few of the studies attempted 

to show whether road safety teaching had any effect on changing behaviour 

in a real road situation, or in reducing accidents. There have been 

some exceptions. Johnson and Munden (1957) assessed the effect of route 

instruction on junior school children by observing the children outside 

the school before and after instruction, and found some small positive 

effects. Ongoing research at the Transport and Road Research Laboratory 

is designed to assess children'' performance on a simulated road network 

within the grounds of the Laboratory. No results have yet been published. 

An alternative approach to the study of Child Pedestrian Accidents. 

The studies described here are part of a research project on child 

pedestrian accidents, directed by C. I. Howa'r'th and funded by the Transport 

and Road Research Laboratory. From the broad brief'. "To study factors 

involved in accidents to young children as pedestrians" two main aims 

became apparent. 

1. Firstly by establishing the causes of pedestrian accidents 

to young children, preventative measures might be more soundly based. 

2. Secondly, to try to identify critera by which to assess the 

effectiveness of such preventative measures. 

It was thought that by studying the normal road crossing behaviour 

of children interacting with traffic, behavioural factors that could 

lead to accidents might be identified. 
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At first sight, perhaps the most obvious approach to the problem 

of child pedestrian accidents is to study them retrospectively, by' 

carefully examining events leading up to, and surrounding accidents 

after they occur. 

"Accident follow-up" studies, as they are commonly known, have been 

used successfully for investigating motor vehicle accidents, (Kolbuzewski 

et al 1969) where considerable information can be inferred from both 

physical evidence and witnesses reports. This ap, roach is not so useful 

in relation to child pedestrian accidents since it is difficult to find 

out about the events leading up to the accident in any detail from 

witnesses reports alone. Information from the two main witnesses, the 

child and the driver, will probably be the most unreliable. The driver 

may not give an accurate testimony due to the possibility of prosecution 

or he may not even have seen the child before the collision. A child 

interviewed after being involved in an accident may only have the faintest 

recollection of the events leading up to the accident. I 

There have been few studies of children interacting with traffic 

in normal road crossing. The first reported work was by Sandels (1968) in 

Swee'den who observed young children going to and from school. On the 

basis of this study and other related studies she concludes that "It 

is not possible to fully adapt small children to the traffic environment 

of the seventies. Therefore the 1970's traffic environment must be 

adapted to the children. The responsibility lies with our authorities". 

(Sandels 1972). This may be so, but children will have to cope with traffic 

from an early age-for many years yet to come. Children are now more 

independent and are allowed greater freedom of movement, it is therefore 

important that they are able to cope with traffic from an early age. 

A systematic methodology for analysing child pedestrian behaviour 

has been presented by Heimstra, Nichols and Martin (1969). The main 

emphasis of the study was on developing an analytical system and Heimstra 

(1971 - personal communication) reported that analysis of 15,000 
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observations was being carried out. However, our recent attempts to 

find out about this work have been unsuccessful, which suggests that 

the study may have been abandoned. Finlayson (1972) filmed children 

crossing roads outside their schools. She identified children who 

exhibited dangerous behaviour, and gave them personality tests. Some 

personality characteristics of these children are consistent with 

findings reported in studies of accident repeaters. Grayson (1975), 

extended our method (Routledge, Repetto-Wright and Howarth 1976) 

of collecting and analysing pedestrians behaviour. By using lampost 

mounted 16 mm. cameras he observed large numbers of pedestrians and 

found evidence indicating the use of different crossing strategies. by 

children and adults. 

Observation studies of child pedestrians present considerable 

methodological difficulties, but perhaps the most serious weakness of 

the technique lies in demonstrating that behaviour, observed and described 

as unsafe in normal road crossing, is causally related to accidents. 

None of the studies mentioned have attempted to do this.. We do not know, 

for example, whether "stopping at the kerb", as emphasised by both the 

old "Kerb Drill" and the "Green Cross Code" and used as a, criterion of 

safe behaviour in the studies described above, is in any way related to 

accidents. Although "stopping at the kerb", in itself, is clearly not 

dangerous, this and other studies (Howarth and Routledge 1970, Harrington 

1968) have shown that adults stop less frequently than children before 

crossing a road, yet they have fewer accidents. Before such descriptions 

of behaviour are used as criteria of safe road crossing behaviour or as 

instructions in safety education programs, their importance and role as 

causal factors in accidents needs to be understood. 

A partial solution to this problem, and the only practical one, is 

to relate behaviour criteria to accident risk. This can only be done 

by attempting to relate measures of children's road crossing behaviour 

to measures of their accident risk. In order to obtain estimates of 



15. 

accident risk for different groups of child pedestrians, their exposure 

to potential accident situations must first be known. 

It has long been apparent that analytical studies of accident statistics 

are of little value in evaluating accident risk unless related to adequate 

measures of exposure to the conditions in which the accident occurred. 

Jacobs (1961) draws attention to this in an excellent paper on the 

conceptual and methodological problems of accident research: - "Failure 

to recognize and deal with this problem (exposure) has resulted in an 

unfortunate research situation. Analytical results which possess no 

more than speculative value are being constantly generated". For 

example it is impossible to know whether young boys have twice as many 

accidents as young girls because they behave more dangerously when 

crossing roads or whether they simply cross twice as many roads as young 

girls. Nor can we determine whether the very much greater number of 

accidents to pedestrians which occur at road junctions compared to 

other locations is because crossing at junctions is more dangerous than 

elsewhere, or simply becüý-se pedestrians cross more frequently at 

junctions. Typically, official accident reports record many details 

surrounding an accident, yet few of these can provide helpful information 

for prevention, either as propaganda or planning, unless appropriate 

measures of exposure are available. 

Despite recognition for the need to collect exposure data, studies 

of pedestrian exposure have been few and far between. Prior to the, work 

of the research group at Nottingham, only two studies had attempted to 

derive measures of accident risk based on accident rates and exposure. 

In the first of these, Jacobs and Wilson (1967) compared pedestrian risk 

in crossing different sections of busy roads in four towns. They found 

that risk varied with age, children and the elderly being most at risk, 

but since these comparisons were based on observations and accident 

statistics for different time periods, they are unlikely to be valid since 
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the distribution of accidents by time of day varies with age. (I1isO 1975). 

Levin and Bruce (1968) studied the distribution and location of 

primaxy schools in two different contrasting towns. This study makes 

a considerable contribution to our understanding of the consequences for 

road safety of different types of road networks. The exposure measures 

used could not be very precisely compared with the accident statistics 

and no comparison of accident risk for different age and sex groups 

were attempted. 

Other studies have generated indirect measures of exposure, although 

none were specifically concerned with child pedestrians. Mellinger and 

Manheimer (1966) derived exposure measures for children involved in all 

types of accidents from interviews with parents and hospital records. 

Their study was concerned specifically with accident repeaters and the 

measures they developed are not applicable to the study of child pedestrian 

exposure. The Newsonrs, in their studies of child rearing practice, have 

developed an "index of chaperonage" (Newson and Newson 1976) based on 

interviews with parents and found significant sex differences. However, 

as mentioned earlier the index is difficult to interpret as a measure of 

exposure. 

Other studies worth mentioning are those of Hole (1966) who looked 

at play and supervision on estates, and that of Holme and Massie (1970) 

who compared the location of playgrounds and the journeys made to and 

from them, by observing and interviewing children. Neither of these 

studies considered accident risk. Sadler's Survey of road safety among 

mothers (1972) has already been mentioned. Although providing much 

useful information on children's journeys and patterns of play, the 

measures she used cannot be related to accidents to produce useful 

measures of accident risk. 

It was therefore essential to collect data on child pedestrian exposure 

that can be quantitatively related to relevant accident statistics. In 
1 

1972 a statistical model was developed by Professor Howarth to provide 
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a framework for the estimates of risk for different groups of 

pedestrians crossing at different locations ( Howarth, Routledge 

and>Repetto-Wright 1974). and subsequently exposure data was collected 

in various ways. Children were interviewed at schools and asked what they 

did during the previous 24 hrs.; maps were drawn from this information 

showing the children's movements, their accompaniment and the traffic 

density on the roads they crossed. From this it was possible to 

estimate the children's exposure for the previous day. The children's 

parents were interviewed and asked about their children's movements 

during the previous 24 hrs. Exposure was estimated in a similar way. 

Parents tended to underestimate the childrens exposure and it was felt 

that a more accurate estimate of exposure was obtained from the 

interviews with the children. (Routledge et ä, 1, *1974 (b) ) 

A third method involved directly observing children. Unfortunately 

data collected by interviews does not provide sufficiently detailed 

information about where children are crossing and what they were doing. 

e. g. whether a road is crossed near a parked vehicle or near a junction; 

the only way to collect this information is to directly observe children 

crossing roads. Observers were trained to follow a sample of children 

home from school, recording details of each road crossing on a tape 

recorder while the children were crossing roads - the children were 

unaware they were being followed. These early studies of exposure and 

the development of the conceptual model are discussed fully in the 

next chapter. 

Some early ocservations of children crossing at sites on busy main 

roads made by Howarth and Routledge (1970) led to studies of gap - 

acceptance by pedestrians in an attempt to identify easily quantifiable 

behavioural measures. 
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"Our very first recording was of about one hundred secondary 

school children coming out of school across a very busy main 

road. At first sight their behaviour was horrifying, since 

they seemed to weave in and out of the traffic in a most 

dangerous way. They frequently did not pause at the edge of 

the pavement. When running, they would some times not even 

slow down at the kerb. We saw fights and games of 'tag' in 

the middle of the road. We saw children go back into this 

very busy road to pick up things they had dropped. The first 

impression was quite terrifying. But on repeated viewing we 

discovered that in no single instance was a child actually in 

danger despite the high density of the traffic and the speed 

and unconcern with which they negotiated it. - We ended up being 

most impressed with their skill and set ourselves to describe 

its characteristics. We-eventually realised that one of the 

main things which was contributing to the overall impression 

of recklessness was the way children would appear to be walking 

into a car, stepping out into the road before it reached them 

and walking towards it. The moment of perceptual reorganisation 

and insight came when we realised that this behaviour was not 

dangerous, on the contrary it was a very important part of 

their skill, since it enabled them to pass very closely behind 

a car as it passed them and so maximise the gap between them 

and the next oncoming car. The decision to cross in any given 

gap is made before that gap has reached the point at which the 

pedestrian intends to cross. Having seen this behaviour in 

these children we now see it is used by adults when crossing 

busy roads". (Howarth and Routledge, 1970) 

Young children and adults were observed also and to features of the 

children's behaviour that could lead to their greater liability to have 
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accidents were noted. 

a) Children were observed running into the road without apparently 

paying attention to the traffic. This behaviour, commonly called 

"heedlessness" frequently appears on accident report forms as 

the cause of the accident. 

b) Children were observed also, who paid attention to the traffic 

but crossed the road inefficiently. They hesitated, made false 

starts, ran dangerously close to cars even while looking directly 

at them. This behaviour can best be described as lacking in skill. 

The strategies used by adults and older children for crossing roads 

require a very high degree of skill, involving anticipation, judgement 

of speed and distance, prediction of future positions of cars and self 

and smooth unhesitating performance of the act of crossing the road. 

Children can be observed using adult strategies by the age of ll,. perhaps 

attempting them before they have the skill to use them safely. These 

preliminary observations suggested that it would be worth making 

quantitative estimates of the following parameters: 

a) The size of gaps in traffic through which children of 

different ages are prepared to pass, measured as a time 

interval (ta). The-accepted gap. 

b) The safety margin between them and the approaching car. 

This is also measured as a time interval (ts). The 

safety gap. 

c) The overt signs of observing traffic as indicated by 

head and eye movements before crossing the road. 

It was hoped that one or more of these measures of behaviour could 
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be related to objective estimates of risk which would be obtained from 

the studies of the exposure of children to traffic. If one or more of 

these measures of behaviour showed a clear relationship to the risk run 

by the different classes of children and if there was a causal explanation 

for the relationship, then there would be a simple observational criteria 

which could be used to assess the effects of safety programs. 

This was obviously a very tempting goal and after some initially 

encouraging results from a study of 200 children aged between 5 and 12 

crossing a busy major road, a large scale study of 3000 crossings by 

pedestrians of all ages was carried out at several sites in Nottingham 

using a Portable Recorder (Appendix 4) developed specially for the purpose. 

The results from these behavioural studies were inconclusive and 

had not, as hoped for, provided any straightforward measures of behaviour 

which were clearly related to accident risk. The results of the second, 

larger scale, study had not supported the earlier expectations. Although 

differences had been found between the sizes of gaps accepted by 

different groups of the older child pedestrians, which correlated with 

accident risk, there were no differences for the groups of younger 

pedestrians where the difference in accident risk was greatest. Also, 

although the younger children appeared to be crossing less efficiently, 

this was not reflected in terms of smaller safety margins. It became 

apparent that the behaviour of the different groups of pedestrians was 

confounded by the site at which the observations were made. e. g. Some 

observations were made at sites where there were only older children 

crossing, while others were made at sites where only young children 

crossed. In order to eliminate this effect, observations have to be 

made at sites where all ages of pedestrians can be observed crossing 

at the same times. 

The studies described here take this as a starting point. The overall 

aims of the research were twofold. Firstly, by seeking causal explanations 
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for the large numbers of accidents to child pedestrians, preventative 

measures can be more soundly based. Secondly, by developing behavioural 

measures, related to accident risk, the effectiveness of preventative 

measures may be assessed. To achieve these aims the relationship 

between children's behaviour and their accident risk must be understood, 

and this can only be done by attempting to relate measures of children's 

road crossing behaviour to measures of their accident risk. 

Three studies have been carried out: 

a) A Random Site Exposure Study. 

A technique has been developed to produce estimates of risk which 

can be related to different traffic situations over a wide range of 

locations. 

b) An Analysis of Pedestrian Behaviour. 

A detailed observation study of pedestrians of all ages crossing 

at the same site in or4er to develop useful behaviour measures. 

c) Relationship Between Behaviour and Accident Risk. 

A large scale study to relate children's crossing behaviour to 

their accident risk for a wide range of crossing locations. 
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CHAPTER2 

EXPOSURE TO ACCIDENT RISK 
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A Conceptual Framework for the Analysis of Accident Risk. 

Whenever a child enters the roadway, he is putting himself into a 

potential accident situation. This forms, the basis for a conceptual 

framework of accident risk devised by Professor Howarth and reported by 

Howarth, Routledge and Repetto-Wright (1974). A full mathematical treatment 

is given in Appendix'l, and only a summary of the main points appears 

here. The conceptual framework is applicable to pedestrians of all ages, 

not just to child pedestrians. 

Two measures of risk are defined which can be derived from measures 

of exposure and accident rates. 

The first, Pa/r is the probability of a child having. an accident 

when he crosses a road, and is defined as. follows: - 
P/ä 

ar= -- , r 

For a given class of pedestrian, where Pa is the probability of randomly 

selecting a pedestrian who will have an accident during a given time 

period, and T is. the mean number of roads crossed or entered by such a 

pedestrian in the given, time period. The quantity Pa can be derived from 

available accident statistics by dividing the accident rate for the given 

time period by the number of pedestrians in the relevant catagory. r, a 

measure of exposure, remains to be estimated. 

Since r refers to the existing pattern of road crossing, aýr 

calculated in'this way will be the average risk run by children for their 

present pattern of road crossing. Not all these roads will be equally 

dangerous to cross, and the main reasons for this are obviously variations 

in traffic density and speed of vehicles. These factors can be taken 

into account by observing the density of traffic and the speed of vehicles 

on the roads crossed by children. The proportion of roadway taken up by 

traffic can be calculated from the equation: - 

Pa1+ vt 
Cs 



24. 

where 1 is the average length of vehicles, S the average spacing, v the 

average velocity and tc the time taken by a child to cross the path 

of a vehicle. Thus P is an approximation of the probability that a 

child will be hit by a vehicle if he enters the roadway at random. As 

such, it is a measure of the exposure of a child who attempts to cross a 

particular road, and is independent of the ability of the child or the 

driver of the vehicle to avoid an accident. 

Weighting each road crossing by the quantity P the average exposure 

of a given class of children will be given by 
cfor a given time 

period, where Pc is the average of Pc for all the children and the roads 

they cross. This quantity, r Pc, is therefore the average number of 

vehicles encountered by each child during the given time period, and has 

been called n C 

The second measure of risk, a/c, is the probability of a child 

having an accident if he encounters a car as he crosses a road and can 

be estimated as follows: - 

P 
a/r 

a 
Pa a 

a/c -- 
p rpc nc 

The calculation of a/c assumes that no child will have more than 

one accident per encounter with a car, when the number of possible encounters 

with a car is defined' by the way Pc was calculated. It also assumes that 

the behaviour of children and drivers can only reduce the accident rate. 

Since hesitation, bad judgement, slowness and falls could all increase 

the rate above that calculated from Pc, it may be less like a probability 

than the other two and it should be used cautiously. 

Accompaniment and Protection. 

Children frequently cross roads with adults or with older children. 

It would seem probable that a young child is less exposed to risk when 

he is accompanied by an adult. He may also be less at risk when with 
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an older child, although this is a more questionnable assumption. Young 

children, inparticular, may be protected by older brothers and sisters, 

especially on journeys to and from school, but groups of children may 

distract each other, rather than protect one another. This raises the 

question of weighting exposure measures when children are accompanied 

by other pedestrians. 

Unfortunately no information on accompaniment at the time of the 

accident is included on accident report forms (Stats 19). Pedestrian 

accident victims are classified only by age and sex. If this information 

was available, suitable values of Pa could be used to calculate risk 

measures for groups of accompanied and unaccompanied child pedestrians. 

The only information about accompaniment at the time of the accident 

comes from a study of 474 child pedestrian accidents, carried out by 

the Transport and Road Research Laboratory with the assistance of the 

Hampshire Constabulary (Grayson 1975). In a supplement to the 

standard accident report form filled in by police officers when investigating 

child pedestrian accidents, an attempt was made to find out whether the 

child was accompanied at the time of the accident. This was done, where 

possible, either by interviewing the child involved or "reliable" 

witnessess. 

The results indicated that less than half the children were alone at 

the time of the accident. A third of them were accompanied by either 

an adult or an older child although this was less common with older 

children. More than a third of the pre-school children were accompanied 

by adults at the time of the accident. No significant differences were 

found between the sexes. 

This data is reproduced below (Table l), and provided the assumption 

is made that this data, gathered only in Hampshire, can be generalised 

to other parts of the country, we have a basis for weighting Pa by 

accompaniment. It should be pointed out, however, that weightings based 

on relatively uninformed assumptions about the nature of accompaniment 
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or the protection offered by accompanying pedestrians must be treated 

with caution. When data becomes available from a more detailed Transport 

and Road Research Laboratory accident "follow-up" study being analysed 

presently (Storie 1976);, it may be possible to weight accident data for 

accompaniment more reliably. 

TABLE 1 

Accompaniment by age (percentages) 

ALL 

Alone ' 44 

With adult 12 

With older children 20 

With other children 24 

Total 100 

BASE 464 

AGE (years) 

0-4 5-9 

32 44 

38 8 

22 22 

8 26 

100 

85 

100 

262 

10-14 

54. 

4 

11 

31 

100 
117 

Exposure data that is collected by interview or questionnaire can 

only be weighted in this manner. Nothing is known about the nature of 

the accompaniment or the protection afforded by the accompanying 

pedestrian, e. g. when a child says that his mother collected him from 

school and took him home, one does not know whether they crossed the 

roads holding hands or whether the child was 100 yards in front of his 

motherland she busy talking to a friend. Exposure data gathered by 

directly observing child pedestrians opens up the possibility for an 

alternative method of weighting. A subjective assessment of whether 

an accompanied child is protected when he crosses a road can be made 

fairly simply. It is thus possible to weight each road crossing on 

the basis of whether the child was responsible for making the decision 

to cross a road on his own, rather than relying on anothers judgenment. 

It is still not possible to make an estimate of the absolute reduction 
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in risk provided by others, with which to weight the exposure measures, 

but these accounts can be used to describe the role played by the child 

in crossing the road. 

Measures of exposure that do not take accompaniment or protection 

by other pedestrians into account can be thought of as measures of 

"potential" exposure. e. g. Suppose a child lives 1 mile from his 

school and the journey involves crossing several minor roads and one 

major road. The "potential" exposure of the journey can be calculated 

by disregarding accompaniment and protection. If he makes this journey 

by himself and uses no crossing aids, e. g. a crossing warden, his "real" 

exposure on this journey will be equal to his "potential" exposure. If, 

however, his mother accompanies him across the main road and he only 

crosses one minor road alone, his "real" exposure will be much less 

than the "potential" exposure of the journey. The concept of "real" and 

"potential" exposure is: useful in making comparisons of the degree of 

protection children of different ages and sex recieve on different types 

or journeys. 

The actual methods of weighting for accompaniment or protection 

adopted for the different exposure studies are discussed later. A 

brief description of the early exposure studies and a discussion of the 

advantages and limitations of each technique follows. 

Early Exposure. Studies':, 

A. Interviews with Children (Routledge, 

Repetto-Wright and Howarth, 1974a). 

In our first study we interviewed a carefully selected sample of 280 

children aged between 5-11 years, about every journey they had made during 

the previous 24 hours. The sample was designed to cover all types of 

housing area of children in this age group in the City of Nottingham 

(total population approximately 300,000). Children were interviewed in 

their schools by intexriiewers Who had previously familiarised themselves 
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with the area in which the child lived, and the area surrounding the 

school. Every journey and excursion reported was recorded on a map, with 

additional details (accompaniment, journey, purpose, etc. ) on the 

questionnaire schedule, and traffic density counts taken vn every road 

crossed. 

B. Interviews with parents (Routledge, 

Repetto-Wright and Howarth, 1974a). 

A randomly selected sample amounting to a quarter of the parents of 

children in the child sample were interviewed. It was not possible to 

interview the parents about the same 24 hours that the child interview 

referred to, but estimates of no and r were obtained in the same way, 

by recording the number of roads crossed on journeys reported, and 

combining traffic densities of those roads at the appropriate times. 

Additional information about the parent's attitudes to road safety was 

obtained. 

C. The "Following" Study (Routledge, 

Repetto-Wright and Howarth 1974b). 

A sample of 144 children, identified by coloured badges pinned to 

to their outdoor coats by their class teacher were discreetly followed 

home from school in the afternoon by female observers who recorded on 

concealed tape recorders, information about every occasion that the 

child entered the carriageway. The subsequent day each child'in the 

sample was interviewed, using the schedule used in the child interview 

study, about every journey made in the previous 24 hours. Again traffic 

counts were taken on all roads crossed. Measures of r and nc derived 

from the observation and. interviews were compared. 

Advantages and Limitations of Each Iiethod. 

A. Interviews with Children: Advantages. 

1. Estimates of exposure for a period of up to 24 hours or for specific 

journeys, such as the journey to or from school, can be obtained. The 

0 
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longer the time period for which accurate estimates of exposure can 

be obtained, the more reliable the accident statistics to which they are 

to be related, expecially if a relatively small area is being studied. 

2. The precise age of each child in the sample will be known. Since 

the accident rates change so rapidly between the ages of 5 and 11 

precise knowledge of each individual's age is valuable. 

3. If the sampling is based on schools, up to 12 children a day can 

be interviewed about their activities in the previous 24 hours, by one 

person using the schedule. 

4. Additional information about attitudes, knowledge of road safety 

and related matters can be obtained from the child at the same time as 

exposure data. 

5. A comparison of child and parent interviews and observations 

(Routledge, Howarth and Repetto-Wright 1974at 1974b) shows that children 

provide a more accurate account of their exposure than do their parents. 

It is probable that parents underestimate the extent of their children's 

exposure and that this underestimation increases with the child's age and 

donsequent greater independence. 

Interviews with Children: Limitations. 

1. The method is entirely dependent on the accuracy of the child's 

report. We have evidence (Routledge, et al 1974b) that repeated 

questioning by an interviewer familiar with the area can obtain accurately 

an account of deliberate journeys. Questioning the child about the 

previous evening's television programmes proved quite an effective 

means of determining non-exposure after the school journey, but the 

method underestimates the exposure of children playing out and occasions 

when children enter the carr 
, 
igeway other than to cross the road. For 

this reason the method is probably limited to providing exposure data 

for school days only. 

2. Child interviews are limited to a minimum age of 5 years at most. 
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Fortunately at the age of five very few children appear to be much 

exposed, especially on school journeys. 

3. The protection afforded to the child by a person said to be in 

accompaniment is sometimes difficult to assess. 

4. The attraction of being able to interview conveniently large 

numbers of children in a school, and for the interviewers to thoroughly 

familiarise themselves with the local areas is reduced, since it prevents 

a truly random sampling of children, in a large area such as a city. 

The accuracy of the sample is entirely dependent on the representativeness 

of the schools selected. 

5. Traffic density counts must be taken on days other than those to 

which the interviews relate. 

B. Interviewing Parents of Children. Advantages. 

1. Estimates of exposure over fairly long specific periods can be 

obtained as with the child interviews, but in addition more general 

information concerning what the child "usually does" can be obtained. 

2. Information about the child's activities at weekends can be 

obtained, whereas the children had difficulty giving a coherent account 

of their activities at the weekend when questioned on Monday mornings. 

3. As with the child interviews the precise age of each child in the 

sample is known. Parents can also provide additional information about 

social and environmental circumstances, and their own attitudes and 

behaviour regarding road safety, which is unobtainable from the child 

interviews. 

Interviewing Parents of Children: Limitations. 

1. Our comparisons indicate that parents tend to underestimate their 

children's exposure, particularly as the children get older. For example 

many parents reported that their children went to school by the most 

obvious and direct route whereas the children reported detours to shops 

and to call for friends. 
_` 
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2. As with the child interviews no direct measures of the protection 

afforded by accompanying persons is obtainable. In a number of cases the 

mother reported that the child was accompanied by an older sibling, 

whereas the child, although agreeing that they left the house together, 

claimed to have separated on the journey. 

3. As with any other survey in vh ich the sampling technique requires 

that specific individuals be interviewed, obtaining a large sample of 

parent interviews is time consuming and costly, compared to child interviews 

in school. For this reason the advantages of stratifying the sample by 

schools as in the child interviews is not as great, and may be outweighed 

by the greater accuracy of a truly random sample. 

4. As with child interriews, traffic density counts must be taken 

on days other than those to which the interviews refer. 

C. "r'ollowing" Study: Advantages. 

1. The child is selected in school, therefore the age and other 

information about the child can be obtained. ', 

2. While the child is observed exposure can be very accurately recorded. 

For example, playing in the road or gutter, which is omitted from 

interview responses, can be reported. 

3. The accompaniment of the child on each occasion the child enters 

the carriageway, and even subjective estimates of the protection afforded 

by any accompanying person can be reported. 

4. The precise location of every crossing, for example at a junction 

or close to a parked vehicle is known. 

5. The child's behaviour, and events leading up to road crossing, 

for example, whether the child stopped at the-kerb, 'ran into the road, 

was playing or chasing, and to an extent, although not very accurately, - 

whether or not the child looked adequately, can be recorded. In addition, 

since most children will cross more than one road, an estiiiate of individual 

variability in behaviour when crossing is available. 
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"Following" Study: Limitations. 

1. If the children observed are to be randomly selected from school 

registers, and if their precise age and probable destination on the 

journey are to be known, considerable co-operation from school staff 

is required. 

2. As with the interview surveys, sampling will again be within a 

sample of schools, with a consequent reduction in accuracy compared to 

a truly random sample of children. 

3. This technique can probably realistically be adopted only with 

sdkool children and then only to record exposure on short predictable 

journey's e. g. after leaving school. 

4. The method is rather impracticable for obtaining a very large 

sample of children. Our experience indicates that a maximum of four 

observers a day can work at each school. Assuming that the younger 

children leave school well before the older children each observer can 

record the activities of, at most, two children. 

5. Again traffic density counts must be taken on days other than 

those when observations were recorded. 

An Alternative Technique for Collecting Exposure Data. 

Three different methods of collecting exposure data had been used. 

Of these, only the "following" study estimated exposure from direct 

observations of children crossing roads, and so provided estimates of 

risk for different crossing situations, e. g. crossing near parked vehicles 

or at junctions. The limitations of this technique have been discussed 

already and it is, unfortunately, neither sufficiently flexible nor cost 

effective for application on a wider or larger scale. If areas of high 

risk associated with crossing roads can be identified easily., the 

considerable financial rescrces available for pedestrian safety programs 

and urban planning can be concentrated where they are most needed. 

For example considerable sums of money are spent on replacing existing 
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'zebra' crossings by 'pelican' crossing. A technique that enables 

traffic engineers to easily identify those existing crossings where 

pedestrians are exposed to high levels of risk could form the basis 

for a more rational replacement program. At the same time the 

effectiveness of this new type of crossing could be evaluated, something 

that has not yet been done adequately. 

To meet these requirements a technique is needed that combines the 

advantages associated with direct observation of pedestrians with a 

simpler and more flexible sampling procedure. The random site exposure 

technique was developed for this purpose. 

The major problems, of complex administration and lack of flexibility, 

associated with the following study, stem from the adoption of the 

'child' as a sampling unit. By using "road length" as a sampling unit, 

and observing pedestrians crossing within specified lengths of road, we 

have a basis for a different technique for collecting exposure data. 

There are several advantages in this approach: ' 

a) Sampling, a time consuming and nerve racking business in 

"following" studies, is fast and flexible. Any selected 

area can be sampled, e. g. comparisons could be made between 

different types of housing or between towns with different 

accident rates. (A study of exposure in 3 different towns, 

being analysed currently, is discussed in Chapter 6). 

Specific types of roads or 'crossing aids' could also be 

sampled. 

b) Approximately 3 times more crossings by children can be 

recorded per observer hour than in "following" studies, in 

addition to obtaining data for pedestrians of all ages. 

c) Sampling periods are not restricted to school term time 

weekdays, neither to short periods of the day. 

dý Since it is not necessary to sample children from schools, 
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there are no problems in selecting representative schools 

and no administrative work required with headmasters and 

teachers. 

e) Observer, training is relatively straightforward and no 

expensive recording equipment is required. Large numbers 

of observers can be used. 

f) Traffic density counts at the observation sites can be made 

simultaneously or imediately after observations of pedestrians, 

rather than on different days. 

g) Pedestrian behaviour can be observed at the same time. 

There are, however, some disadvantages associated with the adoption 

of'road length' as a sampling unit. 

a) It is only possible to estimate variability in pedestrian 

exposure for different crossing sites or types of site. It 

is not possible to estimate individual variability as with 

the earlier studies, since repeated observations of 

individuals are not made. 

b) The ages of the pedestrians must be guessed. There is a 

particular problem in estimating children's ages, but it 

can partially be overcome since children of different ages 

frequently leave school at different times, during the 

afternoon. For example, in Nottingham, it is unusual to see 

children older than 7 years in the street before 4 p. m. 

(unless of course they are playing truant). 'i'his problem 

is not so acute when the data is analysed by age group. 

c) It is necessary to know or guess in advance how busy a site 

will probably be, since at sites where pedestrian density 

is particularly high one observer is unable to cope. 

i 
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The Random Site Exposure technique has been developed and is used 

in the study of pedestrians exposure to risk discussed in the next 

chapter. 

J 
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CHAPTER3 

RANDOM SITE EXPOSURE STUDY. 

-` 
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Introduction and Methodology. 

The aim of the Random Site Exposure Study was to develop an 

inexpensive and staightforward method of estimating pedestrian exposure 

and risk and more specifically: - 

1. To provide estimates of exposure for pedestrians of all ages. 

2. To obtain estimates of risk for different crossing situations. 

3. To determine where and how frequently children are 

accompanied and the extent to which they are protected from 

traffic when accompanied. e. g. How frequently are children 

really protected from traffic when crossing a road with an 

adult. 

4. To observe the behaviour of pedestrians crossing roads so 

that an attempt can be made to estimate the importance of 

'heedless' behaviour as a cause of accidents. 

The reasons for developing a technique which uses 'road length' as 

a sampling unit have been fully discussed in the previous chapter. 

A pilot study was carried out in a section of Nottingham which 

represented a variety of residential areas. A computer-generated 

graphic display of random dots was superimposed on a map of this area. 

Eighteen sites were selected where dots fell squarely in the centre of 

a road. Observers were positioned at these sites for a1 hour period 

between 15.30 and 16.30 hours one schoolday, and were instructed to 

record the approximate age, sex and accompaniment of all pedestrians 

crossing within a 20 yd. length of roadway. Approximately 1,000 

pedestrians were observed crossing, 50% of whom were judged to be under 

14. No major difficulties were reported by the observers in spite of 

adverse weather conditions and poor light. 1.2 crossings per minute 

per 20 yd. of roadway were observed. This figure was considered 
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somewhat high owing to the characteristics of the small sample which 

included several particularly busy crossing sites at junctions. However 

the feasibility of this approach was established. 

For the main study 7 female observers were employed, each of whom 

had their own transport. 4 had been observers for the "following" 

study and had gained considerable experiem e in this type of work. 

All were provided with scale maps of each site and recording sheets, 

together with an instruction sheet for reference purposes. (Appendix 3). 

They were required to locate a specific site, measure out a length of 

roadway, and to observe road crossings in this length of roadway over 

a set time period. 

Several training sessions were held. It was not possible to carry 

out a comprehensive evaluation of observer agreement due to considerations 

of time and cost. However, all the observers were asked to score 20 

crossings from a video recording of pedestrians crossing at a particular 

site. There was generally a high level of agreement on all measures. 

The subjective judgements of whether the pedestrian looked adequately 

or crossed heedlessly were the least reliable. and are discussed later. 

Observers also went out together to the same sites, making their 

observations independently, and their reports were compared. 

The sample of sites. was obtained by superimposing a computer-generated 

graphic display of random dots on a street map of Nottingham City. 

After experimenting with various dot densities a display with 1,920 

dots per square metre was uged", superimposed on a map with a scale of 

1 cm : 140.8 m (42 ins. to the mile). A sample of 200 sites was 

generated where the dots fell squarely in the centre of roads. This 

was further reduced by random sampling to 190 sites. Using 7 observers 

35 sites could be observed each week, (1 observer per site). It was 

planned to complete the study during 8 weeks of the school summer term - 

the maximum number of weeks available, avoiding the beginning and end 

of term and half term. This size sample gave some spare capacity for 
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doubling up at sites or for observer illness. 

Initially observers were instructed to sample a 20 yd. length of 

road. This was found to be wasteful since at the majority of sites 

few pedestrians crossed. The observers could quite easily cover a 

60 yd. length of road and the sample space was consequently increased 

for the remaining 155 sites. At sites where high pedestrian densities 

were anticipated or found on arrival the 60 yd. length of road was 

divided into suitable sections and extra observers were used. In the 

latter case where high pedestrian densities were found by the observer 

on arriva),, the additional observations were made the following week 

at the same time of day. This method was found to be the best 

compromise in terms of time, cost and reliability of observations. 

Extra observers were utilised at approximately 5% of the sites. 

Selection criteria for the sample 60 yds. of roadway were specified 

for different road configurations. Where a dot fell directly in the 

centre of an intersection, a random decision was made as to which road 

would be used by tossing a coin. Where areas had been redeveloped 

alternative sites were randomly selected from the sample. Every 

attempt was made to update the map with new housing developments. 

The total mileage of streets in Nottingham City (obtained from the 

Town Planning Department) was 405.94 miles. The 190 sites sampled 

covered a total road length of 5.68 miles. (10,000 yds. ), this 

represents a 1.4% sample of all roads in Nottingham City. The raising 

factor for the sample was 72.45. The two sample periods used were 

15.30 - 15.50 and 16.00 - 16.20 hours. Relevant accident statistics 

were obtained from the Accident Analysis Division at the Transport and 

Road Research Laboratory. 

Observations during both sampling periods were made at the same 

site on the same day, each observer visiting one site per day. 

The site maps showed the location and layout of each observation 
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site, a cross was marked at the mid-point of the site. On arrival at 

a site the observer would locate this point and pace out a 60 yd. 

length of roadway, (observers had previously counted the number of 

paces they took to cover 60 yds. ) marking the crossing site by use of 

suitable landmarks. The observers arrived at each site 10 minutes before 

the start of the observation period so that they had time to mark out 

the site and to decide upon the best place to stand. Care was taken 

to ensure that the observers parked their cars well away from the 

crossing sites so as not to introduce'additional parked vth icles. 

This technique has subsequently been improved by marking out the 

sites beforehand. 

Observations fell into. two' categories. 

a. Site Variables 

Site identification number. 

Sampling period. 

Weather conditions. 

3.30 - 3.50 or 4.00 - 4.20 

Dull-fine/wet-dry 

Crossing location. 

Other special features 

i) Crossing at (within 20 yds. ) 

or not at junction. 

ii) Crossing masked or unmasked 
by a stationary vehicle. 

e. g. Traffic warden, etc. 

b. Pedestrian Variables 

Crossing identification 
number 

Age Estimated to within 1 year. 

Sex 

Accompaniment Alone or with other pedestrians 
(also classified). 

Degree of Protection 

Movement 

Alone, accompanied by an older 
pedestrian but not protected from 
traffic by them, accompanied by 
an older pedestrian and protected 
from traffic by them. 

Running or walking. 
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Looking 

Care taken in crossing 

Looking for traffic or not looking. 

Taking adequate precaution, some 
precaution, or would probably have 
been hit by a passing vehicle. 

Direction of crossing 

Other features of crossing e. g. Pushing a pram, etc. 
C- 

A sample recording sheet is shown in Appendix 

Traffic density counts were taken at each site during the 10 minutes 

immediately following each 20 minute observation period. Vehicles 

were counted separately for each side of the road. At junction sites, 

where pedestrians could cross in different places, the traffic density 

was recorded at each crossing site. 

Obviously it would have been preferable to record the traffic density 

at the same time as making the observations, but this would have been 

impractical and costly. Observers were asked to look out for grass 

changes in traffic density between the pedestrian observation period and 

the traffic observation period. This only occurred in one case when 

some factory gates opened at 4.25 and flooded an otherwise deserted 

road with dozens of vehicles, additional observations were made in this 

instance. 

The data from observers recording sheets was punched onto cards, 

w 
one card per pedestrian. The data w3. s analysed on the University of 

Nottingham's ICL'1900 computer using the Statistical Package for 

Social Sciences. (Nie N, Bent D. H,, Hadlai Hull C. 1970) an' integrated 

system of computer programs for the analysis of social science data. 

Since the sample unit was 'road length' and not 'child' the 

exposure estimates have to be calculated in a different way. 

For each road crossing or excursion into the carriageway observers 

recorded the road type (A. B. C. or others), and whether the pedestrian 

was within 20 yds. of a junction or masked by a stationary vehicle. 



42. 

This was in accordance with the official accident reporting format. 

By counting the number of pedestrians in different age and sex 

groups crossing the road or going into the carriageway at the sample 

sites, and from a knowledge of the total length of roads in Nottingham 

City, estimates of r can be obtained, the mean number of roads crossed 

by a pedestrian of a particular age or sex, (hereafter a road crossing 

is taken to include excursions into the carriageway) in Nottingham 

during two 20 minute periods, commencing at 3.30 and at 4.00. 

For a particular age/sex group. 

r- Observed number of road crossings x Raising factor for sample 
N 

Observed number of road crossings R 
N 

r 

Where 1R = Total length of roads in Nottingham City. 

lr = Total length of roads in Sample. 

N= Population of Nottingham City for the relevant age/sex group. 

Similarly, from a knowledge of the traffic density at each site, an 

estimate of nc, the mean number of vehicles encountered by a pedestrian 

of a particular age or sex, can be calculated for each observation 

period. 

For each (individual) road crossing pc, the probability of encountering 

a vehicle when crossing the road is given by: 

/ 

p=1+ vtý 

s 

Where 1- mean length of vehicles (15 ft. ) 

v= mean velocity of vehicles (32 ft/sec. ) 

tc mean time to cross (1 sec. ) 

s= mean spacing of vehicles 

s¢ vT 
T 
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Where T= time of traffic count 

V- No. of vehicles passing during time T. 

For oneway traffic 

PC = V(1 + vtc) 

vT 

For twoway traffic 

pc=1+vtc {(v 
+V -V .V 

(l+vtc) 

vT 
N VO) No 

vT 

Where VN - No. of vehicles passing on nearside during time T. 

V0= No. of vehicles passing on offside during time T. 

For a particular group we have for the sample 

pý _ý 
pý 

n 

Where n= no. of roads crossed. 

An estimate of nc, the mean no. of vehicles encountered by a 

pedestrian of a particular age/sex group in Nottingham City, during 

the two 20 minute periods is given by: 

nC pC. r 

It is not possible to calculate measures of variability for r and 

nc for pedestrians of different age/sex groups. The sampling unit is 

'road length' and only the total number of pedestrians crossing in a 

particular time are known. Since pedestrians are actually observed 

crossing roads two different methods of weighting for accompaniment 

are possible. 

1. Observers recorded who was with a particular child as 

he sets off from the kerb. Groups of pedestrians 
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forming on the kerb by chance while waiting to cross 

were not recorded as accompanying each other. Each 

road crossing was weighted depending upon the type of 

accompaniment. The following categories were used: 

Weighting factor. 

Alone ... ... ... ... ... 1 

Group - with 0-7 years old ... 1 

- with 8- 14 years old ... 
2 

- with adult (over 15 years old). 0 

These weightings factors were used in order to compare 

the results of this study with previous studies. Although 

as has been discussed in the previous chapter, a better 

weighting scheme, based on child pedestrians accompaniment 
c 

at the time of the accident is now possible, this data 

Was not available when the previous studies were analysed. 

2. Observers recorded to what extent pedestrians were 

protected when they crossed a road with another person. 

From previous observations we had noted that, although 

children might be with an adult, they may effectively 

cross the road independently. It is often the case with group; 

of mothers taking children home from school, they talk 

amongst themselves and leave the children to their own 

devices. Each road crossing was weighted-depending upon 

the degree to which the pedestrian was protected. The 

following categories were used: 

Weighting factor. 
Alone 

... ... ... ... ... .1 

Group - Crossing independently ... 1 

- Protected by another person 0 
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The second method of weighting best represents the true exposure 

of children crossing roads and is used throughout the analysis, 

except when comparisons are made with previous studies. 

Results., 

5589 road crossings were observed at 190 sites between 3.30p. m. 

and 3.50p. m. and 4.00p. m. and 4.20p. m., nearly half of these were 

made by children under 15 (2485). Exposure and risk measures were 

calculated for Infant and Junior school children in two ways. Detailed 

tables of the results described here can be found in Appendix 3. 

a) Exposure measures were calculated from the number of road 

crossings made during the 20 minute period after school 

ended. The bulk of these road crossings were made by 

children on their way home from school. Risk measures were 

estimated by using National Accident Statistics for these 

two 20 minute periods. 

b) The data for the two observation periods were combined and 

exposure and risk measures were calculated for all pedestrians 

broken down by age, group and sex. 

The data for 7 year olds have had to be omitted from this analysis. 

The purpose of obtaining these measures of exposure is to relate them 

to the relevant accident statistics to obtain measures of risk. 

Approximately half the children who were 7 years old at the time of 

this study were in Infant Departments, leaving school at 3.30p. ß. 

each day, and the remainder were in Junior Departments, leaving at 

4.00p. m. Since the precise proportion of 7 year olds leaving school 

at 3.30p. m. is not known, and it is certainly not known what proportion 

of these are still on the streets at 4.00p. m., and so still at risk, 

measures of exposure for 7 year olds cannot be meaningfully related to 
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the relevant accident statistics for these time periods. 

a) Children's exposure and risk during the 20 minute period after 

school ends. 

Figure 3 shows r, an estimate of the mean number of roads children 

cross in the 20 minute period after school ends, using both accompaniment 

weightings. r increases with age, boys crossing more roads than girls, 

the older children cross approximately twice as many roads as the younger 

children when r is weighted for protection. The effect of the protection 

weighting is to increase r for the older children; as children get older, 

although accompanied by older children and adults, they are more likely 

to participate actively in crossing the road themselves. This effect is 

consistant with findings of the earlier "following" study. (Howarth, 

Routledge, Repetto-Wright 1972). 

Figure 4 shows nc, an estimate of the mean number of cars encountered, 

using both accompaniment weightings. R- 
c also increases with age, but 

there is no difference between exposure of the older boys and girls, 

yet from Figure 3, the young boys are crossing more roads. There are 

two possible explanations. Girls may cross relatively more on busy 

roads and so increase their exposure, or alternatively the boys cross 

more quiet roads and so do not appreciably increase their exposure - 

since crossing a road with little traffic has a very small effect on 

the value of nc. An analysis of these exposure measures by road type 

suggests that the latter is true. The effect of the protection weighting 

is to increase the exposure of all the children. The protection 

weighting has been'used throughout this analysis for the calculations 

of the measures of risk. 

Figure 5 shows and nc for Major (A and B roads) and Minor (other) 

roads, (Table 1, Appendix 1). Approximately 10 minor roads are crossed 

_ý 
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FIGURE3. 

r an e. timate of the mean number of roads cro,: sed by 

Ilottini:; ham children during the 20 minute period after 

school ends weighted by accompaniment and protection. 
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. FIGURE q.. 

nc an estimate of the mean number of cars encountered 

by N'ottin ham children during the 20 minute period after 

school ends, weighted by accompaniment and protection. 
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FIGURE 5. 

Z' and 21C for major and minor roads based on road crossings 

made by Nottingham children during the 20 minute period 

after schöol ends using the protection weighting. 
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for every major road crossed. It can now be seen that the younger boys 

appear to be crossing more minor roads, there is no difference in the 

number of major roads crossed by boys and by girls. Looking at nc, we 

find that major road crossings account for approximately 20% of the 

younger children's exposure to traffic and for approximately 30$ of the 

older children's exposure. A 3-way analysis of variance for r and nc 

(Table 2) shows that there is a significant increase in r (p< 
. 001) 

and Tic (p< 
. O1) for major and minor roads. The overall sex differences 

are not significant. 

Since relatively few major roads are crossed it is only possible to 

compare crossing locations on minor roads. Figure 6 shows r and nc for 

different crossing locations on minor roads. A füll breakdown of these 

data are shown in Table 3 and a 4-way analysis of variance in Table 4. 

There is a significant increase in both r and with age (p -. 01 and 

p 4.0Ol respectively) on minor roads. There is no overall difference 

in either r or nc between the sexes. Most crossings on minor roads are 

made at junctions, the difference in r for crossings made at junctions 

and morethan 20 yds.. from junctions is significant (p < . 01). nc, 

however, is not significantly different - traffic density is higher away 

from junctions. Just why this is so is not altogether clear. The most 

likely explanation is that 'through' traffic on minor roads will tend 

to avoid areas with high densities of junctions e. g. inner city residential 

areas. 

There is'a highly significant difference in both r and nc near parked 

vehicles and away from parked vehicles. Most minor road crossings are 

made away from parked vehicles. The interactions between the two crossing 

locations and between parked vehicles and age are both significant for 

nc only (P< 
. 01) reflecting the larger number of crossings made near 

parked cars, at, and away from junctions, and the greater number of 

older children crossing away from parked vehicles. The three-way 
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JF IGURE -6. 

r and at at diT ferent locations on ninor roadls, based on road. 

cro=: s nrs made by Nottingham Children during the 2 -,:: inute period. 

after school ends using the protection weighting. 
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interaction between age and both crossing locations is just significant 

(p<. 05). 

To summarize, most minor road crossings are made at junctions away 

from parked vehicles and fewest away from junctions, near parked vehicles. 

There is a consistant effect of age, the older children crossing more 

roads at each of the crossing locations. 330 of the roads crossed by 

young boys at junctions are crossed near parked vehicles while only 16% 

of the girl's crossings at junctions are made near parked vehicles. 

Host of the extra roads crossed by boys appear to be made at junctions, 

although this is not a significant effect. When traffic density is 

considered, children are most exposed when crossing away from parked 

vehicles. Again most of the difference in exposure between the sexes is 

found at junctions (N. S. ), all the sex difference in exposure for the 

younger children is accounted for by crossings made at junctions near 

parked vehicles, 41jo of the boys encounters with traffic occur near 

parked vehicles against 19% of the girls. 

Figure 7 shows pa, the probability of having an accident (fatal, serious 

and slight) during the two 20 minute periods after school ends, for 

children aged from 5- 10 years based on the National Accident and 

Population figures. 

The feasability of using Nottingham City accident statistics instead 

of National accident statistics was considered, however there were insufficient 

data for this relatively detailed breakdown. At the time detailed 

breakdowns Ar Nottingham City were found to be unobtainable, in spite 

of repeated requests to Nottinghamshire County Council. A comparison 

of p. based on Nottingham City and National accident statistics over 

(Routledge PhD. thesis 1975, Howarth, Routledge, Repetto-Wright 1972) 

a 24 hr. period and found thatr'pa is higher for all age groups in Nottingham, 

the greatest difference was'for the younger children, these data are 

shown in Table 5. 
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7. FIGURE 

pa the probability of an accident based on the National 

Accident Statistics for the periods 3.30 p. m. - 3.50 p. m. 

and 4.00 p. m. - 4.20 p. m. on weekdays during April, Fay and 

June between April 1969 and June 1972. pa for the 20 minute 

period after school ends is shown by the heavy lines. 



25 x\ 

1. 
i 

i 
i i 

ý X 
i i 

ý X 

male female 
3.30. - 3.50. x-x o--o 
4.00. - 4.20. x- -x o--o ._ 

9 

(D 
0 

X 
rd 

0 

2.0 

1.5 

1.0 

a5 

0 

Fig. 7 -- ', 

__-x 

xý . 

i 
we 

de 

oxx 

56 B 10 J 
age 



54" 

Calculating pa from National statistics will result in underestimating 

the risk to Nottingham City children especially to the younger children. 

It was hoped that it would be possible to weight the National Statistics 

on the basis of the distribution of Nottingham City accidents however, 

the National Accident Statistics were used in all the calculations of 

risk measures. 

p has been calculated separately for each time period to correspond 
a 

with the time Infants (5,6 year olds) and Juniors (8-10 year olds) leave 

school. Seven year olds have been excluded for the reasons mentioned 

earlier. 

Infants have most accidents during the 20 minute period after school 

ends, during the winter months 8 year olds have most accidents 

(Howarth, Routledge and Repetto-Wright 1973). It would seem likely that 

this difference would be accounted for in terms of exposure, young 

children being allowed to come home by themselves during the summer 

more frequently. Although children may be less exposed during the'winter 

months, poor light and weather conditions probably contribute to their 

increased risk. 

pa/r' the probability of having an accident when crossing a'-road, and 

pa/c the probability of having an accident when a car is encountered for 

the 20 minute period after school ends can now be calculated. These 

data are shown in Figure 8 based on r and nc weighted for protection and 

pa from Figure 7 and Table 1. 

pa/r is 5 times greater for the 5 year olds than for the 10 year olds, 

(F - 22.24, p 4 . 01) and pa/c is 15 times greater (F = 50.68, p-C. 01). pa/r 

and pa/c are respectively 30% and 5016 greater for the infant boys than for 

the girls. Although these data are similar to findings from the earlier 

exposure studies, the actual values of risk will vary for several reasons. 

The measures of risk derived from the "interview" and "following" study 

were higher overall, this was probably because these studies were 

I 
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FIGURE 8. 

par an e: sti: mate of the probability of an accident per road 

crossing c: nd. pa/c an estimate of the probability of an 

accident given an encounter with a car based on all road 

crossings made by Nottingham children during the 20 minute 

period after school ends and the National Accident Statistics. 
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carried out in the winter months while the data for the present study 

were collected during the summer term. 

There is sufficient evidence from these data to show that the 

differences in the accident rates between boys and girls and the differences 

over age cannot be accounted for by exposure alone and therefore must 

be looked for elsewhere. Boys, although slightly more exposed, are still 

more at risk than girls, and young children, who are considerably less 

exposed than older children, are very much more at risk. There is a very 

dramatic decrease in risk with age, in spite of crossing many more and 

busier roads older children have considerably fewer accidents than the 

younger children. 

These differences in risk (pa/. ) with age and sex are found on both 

major and minor roads. 3-way analyses of variance for p and p aýr a/c 
are shown in Table 6. From Figure 9, it can be seen that pa/r is 

greatest for boys on both major and minor roads. Crossing a major road 

appears to be much more dangerous than crossing a minor road, this might 

be. expected because of the increased density of traffic. On the other 

hand there is evidence to suggest that children pay greater attention 

to traffic on major roads, if this so the risk per encounter with a car 

(pa/c) should be less on the major roads. However, if skill is an important 

factor, then the greater difficulty of dealing with main road traffic, 

because of its higher speed and density, should lead to higher risk per 

encounter on the major roads. pa/c is higher in all cases on major roads 

suggesting that skill is an important factor in crossing major roads. 

Whatever difference in behaviour leads to the younger boys having more 

accidents, it appears to be more prevalent on major roads. The young 

boys are nearly twice as likely to have an accident as the young girls 

when crossing major roads but this difference is not so pronounced on 

the minor roads. 

Figure 10 shows pa/r and Pa/c by location on minor roads only., Ages 
I 
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FIGURE 9. 

tafr and pa/c on major and minor roads based on road crossings 

made by Nottingham children during the 20 minute period after 

school ends and the National Accident Statistics. 
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FIGURE 10. 

par and palc at different crossing locations on minor roads, 

based on road crossings made by Nottingham children during the 

20 minute period after school ends, and the National Accident 

Statistics. 
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have been combined into two groups, Infants (5-6) and Juniors (8,9,10). 

It is not possible to perform a similar analysis for major roads because 

of insufficient data. Children of all ages are considerably more at 

risk when crossing roads away from junctions near parked cars. This 

is not due to higher traffic densities. pa/c is also high in this 

situation. Away from junctions par is 3 times greater for the younger 

children crossing near parked cars and p 
a/c 

approximately 8 times greater. 

There is a similar increase in risk for the older children. 

A possible explanation is that, away from junctions, vehicles tend 

to be travelling at higher speeds. If a child steps out from behind a 

parked car in this situation, the driver, who may not have seen the child 

previously, will have less time to take avoiding action. On clear 

stretches of road the driver will have more chance of seeing a child 

about to step into the road in front of him, and so have-more time to 

take avoiding action, the child will also have more chance of seeing or 

hearing the approaching car. Alternatively children may be more heedless 

away from junctions. When they cross a road near a junction they may 

consider it to be a potentially dangerous situation and behave more 

cautiously. This is discussed later when the behavioural measures. are 

related to pa/c at different locations. 

Crossing near parked cars does not appear to be so dangerous at 

junctions. There is some evidence from the behavioural measures that 

children are less heedless at junctions. If this is the case, the 

more cautous behaviour of the children in combination with lower vehicle 

speeds, will not make crossing by parked cars a particularly hazardous 

operation. Before drawing any firm conclusion about causes of accidents 

at junctions more detailed information about accidents and exposure at 

junctions is needed, for instance whether pedestrians are hit by turning 

vehicles or by vehicles driving up to or across junctions. 

The measures of exposure from the "following" study (Routledge, 1975) 
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can be compared with the measures from the Random Site Study. The two 

studies were carried out at different times of the year, the "following" 

study during the Spring term and the Random Site Study during the 

Summer term. It would seem reasonable to hypothesis that children are 

allowed more freedom during the lighter and warmer parts of the year, 

while parents would probably collect infants from school on dark and wet 

afternoons, they may be quite happy to allow them to come home by 

themselves during the summer months. 

The two studies are not strictly comparable. The "following" study 

was based on a sample of children who were randomly selected from schools 

that were considered to be representative of different areas of Nottingham 

City. Although the schools proportionally represent the different 

housing areas of the city, the roads in the immediate vicinity of the 

schools may not be representative of all roads in Nottingham. 

The protection weighting was simplified for use in the Random Site 

Study. In the "following" study children crossing a road could be 

classified as "partially active/partially protected" and their exposure 

score would be weighted by 0.5. A crossing by a child was classified in 

this way if - "the child is not protected, although with an adult; 

appears to rely on another person or persons crossing at the same time; 

or crosses alone or when unprotected at a zebra crossing or traffic lights". 

This category had to be omitted from the Random Site Study in order to reduce 

the work of the observer. There should not be any major differences 

between overall scores using both weightings. 

nC is higher for all children in the random site study (Table 7), the 

Infants are twice as exposed and the Juniors 2-3 times more exposed. 

The probability of having an accident is higher for all children 

during the summer. If this difference is to be accounted for in terms of 

exposure alone, children being allowed more freedom during the summer, one 

would expect the measures of risk to be equal for both studies. This is 

l 
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not the case, pa/r calculated using the "following" study exposure data 

is higher. for the younger children a pa/c is higher for all the children. 

It would seem likely that the dark afternoons and poorer weather 

conditions during the early part of the year contribute to this increased 

risk. 

It is not possible to compare exposure and risk on major and minor 

roads since this variable was not recorded for the "following" study. 

However, crossings at different locations on all roads can be compared, 

(Table 8) although the data from the "following" study is based on a 

very small sample at this level of analysis. A greater proportion of 

children were observed crossing near parked cars in the Random Site 

Study and slightly more children crossed by junctions. pa/c is greater 

away from junctions based on each set of exposure data, but while pa/c 

was much higher near parked cars in the "following" study this is not 

the case in the Random Site Study, where pa c 
is approximately equal 

for both studies. 

The differences between the studies could either be real differences 

in exposure due to different parental attitudes to protecting children 

at different times of the year, or to the differences in the sampling 

procedures mentioned earlier. The higher values of pa/c from the 

"following" study exposure data most probably reflect a real increase 

in risk during the early part of the year, due to poorer visibility, 

but may be due to the different sampling method., A properly controlled 

comparison study would be required to determine whether there are real 

differences in exposure and risk. 

b) r; easures of risk and behaviour for pedestrians of all ages. 

The Random Site technique enables exposure data for pedestrians of all 

ages to be collected and it is possible to calculate pa/r and pa/c, for 

pedestrians other than children. These measures have been calculated 

from the observations of road crossings during both observation periods 
I 
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combined (3.30 - 3.50 and 4.00 - 4.20) and from the National Accident 

Statistics. Previous studies have been designed to obtain measures of 

exposure for Infant and Junior school children only. 

pa, the probability of an accident was calculated for each of the 

14 age and sex groups from the National Accident Statistics for the 

periods 3.30 p. m. - 3.50 p. m. and 4.00 p. m. - 4.20 p. m. on weekdays 

during April, Play and June between April 1969 and June 1972. These are 

shown in Tables 9 and 10 together with a full breakdown of the measures 

of exposure and risk discussed below. 

Figure 11 shows Pa/r and pa/c for all roads. The 0-4 year olds 

have been omitted to facilitate scaling the graph. The most striking 

feature of this graph is the difference between adults and children, 

pa/o is 40 times greater for the 5-7 year olds and 10 times greater 

for the 8- 10 year olds. Both Pa/r and pa/c decrease with age until 

adulthood, elderly pedestrians are more at risk. pa/r and pa/c are 

greater for males during early childhood and adulthood but not during 

adolescence or old age. 

Looking at these measures separately for major and minor roads, 

(Figure 12) it can be seen that pa/r is greater on major roads for all 

pedestrians. The most likely reason for this increase in risk is the 

greater traffic density on the Major roads. If traffic density is 

linearly related to pa then we should expect that pa/c is the same on 

both major and minor roads for any particular group of pedestrians. 

This is the case for the adult pedestrian who appears to cope equally 

well with dense and light traffic. However, paIQ is much greater for 

young children on major roads, they do not cope as well with dense traffic. 

pa/c is only independent of road type for the adult pedestrian. There 

is a similar relationship with par and pa/c on major and minor roads for 

5- 10 year olds in a previous interview study (Routledge, Repetto-Wright 

and Howarth 1973a). This is convincing evidence for the need to protect 
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young children on busy roads. It should be remembered that the 

majority of children observed in these time periods were on their way home 

from school and were probably particularly well protected on major roads 

by adults and crossing wardens. Without this protection the number of 

accidents to children crossing major roads would probably be much greater. 

Figures 13 and 14 show pa/r and pa/c for different crossing locations 

on minor roads. A complete breakdown is given in Table 10. There is no 

single situation which is more dangero'as for all pedestrians. Young 

children are most at risk away from junctions near parked cars, the 

safest place for them to cross is at a junction away from parked cars. 

Adults are most at risk away from junctions and parked cars and are 

equally safe at other locations. Children are more at risk near parked cars, 

while adults are less at risk if anything, when they cross near a parked 

car. These differences in risk are not necessarily due to dangers present 

in some situations and not in others. It is necessary to know something 

about pedestrians behaviour at these different situations. It was 

previously suggested that the high risk to children away from junctions 

may be due to higher traffic speeds, or, on the other hand to children 

behaving. "heedlessly" in this situation. 

c) Some parameters of crossing behaviour. 

In an attempt to look at pedestrians behaviour in these different 

types of crossing situations some basic behavioural measures were 

recorded by the observers. " 
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The observers recorded three features of pedestrian's behaviour as 

they approached and crossed roads. Whether pedestrians looked adequately, 

whether they ran or walked across the road and whether they were "heedless". 

Observers were instructed to code pedestrians as behaving "heedlessly" if 

they considered the pedestrian was not paying attention and would have 

been hit by a carp had one been passing at the time, assuming the driver 

took no avoiding action. It is straight forward to decide whether a 

pedestrian runs or walks across the road - since this is a relatively 

objective measure; but assessments of adequate looking and of heedlessness 

are very subjective - it is only possible to judge whether a pedestrian 

appears to be looking or paying attention. A satisfactory level of 

agreement was obtained between observers by careful selection of the 

criteria for each measuret during training sessions agreement between 

observers was found to be 9VI,, for running/walking, 807o for heedlessness 

and bYb for looking adequately. Ulien assessing whether a pedestrian looks 

adequately or behaves "heedlessly" an observer cannot be certain that the 

pedestrian did not glance up the road before stepping off the kerb or 

would have heard an approaching car and so stopped before going into the 

road. This will lead to overestimates of inadequate looking and "heedless" 

behaviour. It is tempting to assume that, an unaccompanied 5 year old 

will be more heedless than an unaccompanied 10 year old. Young children 

just do not look as if they ought to be crossing roads by themselvesp even 

though they may be verj careful. Similarly a child who rushes about on 

the paVement and jumps up and down on the kerb may be judged to be 

"heedless" when he is in fact paying full attention to the traffic. Despite 

these limitations the measures are useful for making gross comparisons of 

behaviour at different crossing situations. Comparisons between different 

groups, may well be vulnerable to any age or sex interactions due to 

observer stereotyping. 

Figures 15,16 and 17 show the percentages of all unprotected_pedestriqns 
('alone' and 'in a group but unprotected') running across the road, not 

I 
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ý' IGURE 16. 

Percent-ar; e of Pedestrians not looking adequately before 

crossinthe road by age and sex based on the whole sample. 
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FIGURE 17. 

Percentage of pedestrians crossing the road heedlessly 

by age and sex based on the whole sample 
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looking adequately and crossing heedlessly. Fales run more frequently 

at all ages, they also look less and are more heedless. There is a 

dramatic effect of age on all three measures, young pedestrians ruzý more 

frequently, look less and are more heedless. It is hard, to believe that 

these very large changes in behayiour with age are all due to observer 

bias. 

Children are more cautious on major roads than on minor roads (Table 11), 

they run less, look more frequently and are less heedless. Adults are 

equally cautious on both major and minor roads, but they run much more 

frequently across majoi roads. In previous studies we have observed 

adults and older children running across busy major roadsl frequently 

having anticIpated a gap in the traffic. This strategy enables pedestrians 

to cross relatively safely and without delay in busy traffic. Young 

children do not pear to adopt this strategy on major roads. 

An analysis of behaviour on minor -roads 
(Table 12), shows that. 

pedestrians are more heedless away from junctions (-A 2- 47-40 witý 

I d. f. p <. 001), they also run more away from junctions (% 2.45.29 
with 

1 d. f. p c. 001). The 5 to 7 year old boys are particularly heedless 

away from junctions, 42%, while only 20 of the girls cross heedlessly. 

This sex difference is highly significant (, X 2-9.25 
with 1 def. pe, 01). 

2 These boys are also more heedless at junctions (-A . 5.91 with 1 d. f. 

p 4.02). 

There are no consistent differences in the behaviour of pedestrians 

crossing near or away from parked cars, although there is a tendency 

for pedestrians to be more heedless away from parked cars. 

The distribution of the behaviour measures are remarkably similar in 

shape to the distribution of Pa/c with respect to age and sex (Figure 11). 

Table 13 shows the sample correlation coefficients (r) for Prp, pip and 

php with pa/o for major, minor and all roads where: - 



73. 

rp p- probability of running on the part of the pedestrian 

Pip - probability of looking inadequately on the part of the pedestrian. 

Php ý- probability of heedlessness on the part of the pedestrian. 

The behavioural measures correlate highly with pa/c on minor roads, 

but not on major roads. Php is most closely correlated with pa/c (r = -85). 

This high correlation suggests that heedless behaviour may be implicated 

to a greater degree in minor road accidentst but a great deal of caution 

must be exercised in interpreting these data. Certainly children are 

less heedless on major roads. It is probable that they discriminate 

between "safe" and "dangerous" crossing situations in the same wav as 

adults and so are aware of the increased danger from traffic on major 

roads. The large number of observations of children behaving heedlessly 

on minor roads may not necessarily mean that they will be heedless in 

a dangerous situation. e. g. when a car is approaching. Nevertheless 

the large difference in behaviour of different groups of pedestrians 

and the high correlation. of php and p a/c , suggests that heedless behaviour 

may be more important as a cause of accidents on minor roads. 

Table 13 also shows the sample correlation coefficients for Prpt 

pip and Php with pa/c for different crossing locations on minor roads. 

The measures are all closely correlated. 

Comparison of the Protection afforded to Infants, their risk in 

crossing roads, and their behaviour during the 20 minute period 

after school ends andduring a 20 minute period later in the 

afternoon. 

Both the Random Site Study and the "Following" study observed children 

during the 20 minute period after school ends, measures of exposure and 

behaviour may be different at other times of day. It would seem 

reasonable to hypothesis that children receive more protection on the 
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way home from school than at any other time of dayt since crossing 

patrols are provided on busy roads for children on their way home and 

mothers frequently collect young children from school. If the 

children go out after getting home, they may not be accompanied by adults 

or by older children# and there may be no crossing patrols to help them 

across busy roads. Traffic densities may have also increased especially 

in the late afternoon as the rush hour gets under way. I 

As mentioned previously, Infant school children in Nottingham 

(5-7 year olds) leave at 3.30 while the primary school children (8-11 

year olds) leave at 4.00. Observations of infants were made during the 

20 minute period starting at 4.00 as well as during the 20 minute period 

after they leave schoolq making comparisons of Infants exposure risk 

during these two periods possible. Since crossing wardens are still 

on duty at this time and mothers may be collecting other children from 

school, one would expect any increase in risk due to a decrease in 

protection to be minimal. At other times of day it may well be much higher. 

Table 14 shows the percentage of major and minor roads crossed by 

infants when protected by other pedestrians or by crossing wardensp 

during both time periods. Children are protected mosIt-when crossing 

roads immediately after leaving school, in 47% of their road crossings 

at 4-00 they are protected only 29% of the time. Most of this difference 

is accounted for by crossings made on minor roads, the degree of protection 

on major roads is not significantly different (Fishers Exact Test p< . 21 

N. S. ) over both periods. Children are protected more on major roads, 

in approximately 55-607o of road crossings. Although children are less 

exposed at 4.009 they cross only one third of the number of roads they 

cross at 3-30P those children who do go out are less protected. This 

difference in the degree of protection is significant on minor roads 

('X 2 18.06 with 1 df p<. 001). 

Exposure was also calculated using the accompaniment weighting.. 
ti 
1 
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Since this was not significantly different from exposure calculated 

using the protection weighting we have used the latter weighting only. 

On the way home from school children are protected by other 

pedestrians or by crossing wardens in 652, ', Of their exposure to trafficP 

and at 4.00 in only A',, of their exposure. Once again this reduction 

in protection at 4.00 is mainly accounted for by crossings made on 

minor roads, the degree of p rotection on major roads is not significantly 

different over both periods. (Fishers Exact Test p< . 25 N. S. ). 

Children are more protected from traffic when they cross major roads, 

in 60-M/ý of their exposure to traffic. Traffic density is higher on 

major roads at 4.00. (Table 15). 

Girls are more protected than boys at both times, the difference being 

greatest at 4-OOP when they are protected to nearly the same de6ree as 

they are after they come out of school. It would'appear that parents 

continue to protect girls from traffic on major roads if they go out 

having come home from school. 

pa/r and pa/c can be calculated for each time period using the National 

Accident Statistics (Pigure 7). These data are shown in Table 16. The 

risk when crossing a road is greater at 4-00 for both boys and girlst 

however the risk per car encounter is only greater for the girls. These 

results should be viewed with some caution since risk has been calculated 

using National Accident Statistics not Nottingham City Accident statistics. 

In comparing two short time periods in this way there may be soLM 

characteristics of the accidents particular to Nottingham City that will 

not be reflected in the National Accident Statisticsp e. g. variations in 

the times children leave school. Howeverl there is some evidence from 

the va 
. 
lues of Pa/r that children are more at risk at 4.00. They are 

certainly less well protected. 

Children do not appear to be more or less heedless at 4.00, Table 17, 

neither do they run more or look less frequently. 
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Summary 

Exposure data has been obtained for pedestrians of all ages in 

Hottinghani and riskv Pa/r and pa/c have been calculated for pedestrians 

other than children for the first time. Risk continues to decline with 

age until adulthood before rising for the elderly pedestrians. The 

abilýty to cross roads safely continues to improve long after children 

develop basic road crossing skills. The adults are much less at risk 

than either the 11-14 year olds or the 15-19 year olds. The very high- 

level of risk for the young and the elderly is clearly shown (Pi 'e 11). gu, r 

The difference in the numbers of accidents to boys and girls cannot be 

accounted for in terms of differential exposure. 

There is convincing evidence for the need to protect young children 

on busy roads. Whereas adults cope equally well with both dense and 

light traffic, children do not; they ar 19 disproporti6natly at risk on 

major roads. Children tend to cross most minor roads at junctions, Wday 

from stationary vehicles; they are most at risk on these roads crossing 

between parked cars away from junctions. 

The behavioural, measures show that heedless behaviour is highly 

correlated with accident risk on minor roads but not on major roads, 

suggesting that heedless behaviour may be implicated to a greater degree 

in minor road accidents. These data also revealed differences between 

the behaviour of boys and girlst differences in crossing behaviour mayq, 

therefore, account for the differences in their accident risk. 

The results from this study are generally consistent with findings 

from previous studies. Boys are more at risk than girls and younger 

children more at risk than older children. The differences in the absolute 

values of the risk measures can be attributed to differences in sampling 

(the "following" study was not a true random sample) and to variations 

in exposure and accident rates between the first 3 months of the year 

and the summer. Observations for the "following" study were mad-e--during 
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the spring term and for the "Random Site" study during the summer term. 

There was evidence that children are more at risk during the winter C> 

months the most likely explanati: on for this is the poorer visibility. 

The Random Site Exposure Study was an attempt to devise a simple and 

economic technique for estimating pedestrians exposure. and behaviour, 

using "road length" instead of "children" as a sampling unit. The 

advantages and disadvantages oIP this approach were discussed in the previous 

chapter. The only difficulty encountered ) wasý in attempting to obtain 

detailed accounts o f. --rossing behaviour at the same time as exposure X 
data. Simple measures of crossing behaviour C> can be recorded but attempts 

to record more complex sequences of behaviour were unsucessful. The 

technique is, howevery ideal for-obtaining exposure data for d: Lfferent 

groups of ledestrians or for pedestrians crossing in different locations. 

An application of the technique to a study of pedestrians in different 

cities is described in th6 final chapter. 

I 

ý'ý 
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CHAPTER4 

OBSERVATION STUDIES OF CHILD PEESTRIAN BEHAVIOUR 

ý. 
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Previous Studies and Techniques. 

Early expectations of finding behavioural measures that could be 

related easily to accidents had not been borne out by subsequent studies, 

although they had provided some valuable insights into the nature of 

road crossing skills. Neither the size of gap accepted by pedestrians 

nor the safety margins they left when cro, -. sing in front of vehicles, were 

related clearly enough to accidents to be used as criteria of road 

crossing performance. The findings of these early studies have been 

outlined in Chapter 1. and have been reported in detail elsewhere. 

(Howarth, Routledge qnd Repetto-Wright 1971,1972, Routledge, PhD. 

thesis, 1975) However, a discussion of the observation techniques developed 

and the limitations of these early studies is relevant to the design of 

the study to be reported here. 

On the basis of some encouraging results from an atalysis of video 

recordings of 200 children crossing a busy main roadý and from a 

simulation study of children crossing through gaps in traffic, a large 

scale analysis of 3000 road crossings was planned. A portable event 

recorder was developed, which enabled observers to code information 

directly onto magnetic tape. These tapes could later be analysed directly 

by computer. A full description of the system is given in Appendix 4. 

Observers recorded movements of both pedestrians and vehicles at a large 

number of sitesand from these recordings, accepted gaps (t 
a) and safety 

gaps (t. ) were calculated. Estimates of the age and sex of pedestrians 

and accompaniment, together with a measure of heedlessness in relation 

to the distance away of vehicles, were recorded also. 

The collection of these data had involved several major problems. 

The first problem was to locate roads where sufficient numbers of 

children could be observed crossing and which carried sufficient traffic 

for the type of analysis to be possible. It is easy to observe children 

crossing mimer roads in large numbers but, by definition, there As 

rarely traffic in their vicinity. The second problem is related to the 
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first and concerns the sampling and comparison of groups which may'have 

been observed under different conditions. The first observations of 

young children crossinghad been made at one, somewhat atypical, si, te 

and comparisons made with older pedestrians crossing at another site. 

The data used to make the comparison came from a study of adult 

pedestrians by Cohen, Dearnaley and Hansel (1955). By using the 

portable event recorders many different sites could be sampled and 

pedestrians of all ages observed. However, it did not prove possible 

to control for the different numbers of cbservations of each age group 

at each site. Sites had been selected specifically because young 

children could be observed crossing at them so they may not have been 

typical of those where older pedestrians crossed. 

Several attempts, using different techniques, had been made to'classify 

"heedless" behaviour which frequently appears on accident report forms 

as a cause of accidents. e. g. "The child ran 'heedlessly' into the 

road from behind a dtationary vehicle". Behaviour was classified-as 

"heedless"when observers considered that the pedestrian was not paying 

attention and would have been hit by a vehicle, had one been passing at 

the time, assuming the driver took no avoiding action. By definition, 

.1 

attempts to predict accident rates from the observed incidence of "heedless" 

behaviour will result in overestimations, since in many instances, drivers 

would be able to take avoiding action. On the basis of comparisons of 

observations made on major and minor roads, there is evidence that children 

are more "heedless" when no cars are around. This is also shown in the 

behavioural measures analysed in the Random Site Study (Table 10, 

Appendix 3)9 where less evidence for "heedless" behaviour was observed 

on major roads where children usually crossed in the presence of traffic. 

Unless therefore, only II)ieedless" behaviour by, pedestrians in the 

presence of traffic can be observed, the usefullness of the approach is 

limited. It is difficult to observe very-young children crossing in 
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traffic on minor roads. There are additional problems in classifying 

behaviour as "heedless". There is no way of distinguishing real 

"heedless" behaviour, where the child is not aware of the traffic from 

apparantly "heedless" behaviour, which is a skillful, albeit risky, 

road crossing. It is very hard to observe slight headmovements, ýet 

alone eye movements, when a child is running across a road. Similarly, 

as mentioned earlier, observers may be influenced by the common stereo- 

type of childish behaviour, so that a child jumping or skipping at the 

kerb, may be judged to be heedless when in fact he is paying attention 

to the traffic. Observers may also be biased by a child'sage, for 

example, an unaccompanied 4 year old just doesn't look safe crossing a 

road., There have been occasions when observers have helped very young 

children across Ahe road - they felt they could not just stand by and 

watch! 

The results from all these different studies of child behaviour 

tend to be confusing and in some cases contradictory. Although, 

children can be seen crossing roads inefi. ficiently when paying attention 

to the traffic, none of the behaviour measures reflect this. There 

also appears to be a relationship between "heedless" behaviour by 

children and traffic density on the basis of observations on major and 

minor roads. 

The question, arising from these studies, that has the most important 

implications for Road Safety Eduction, is whether children do behave 

differently on roads with different traffic densities. In order to 

answer this question a detailed observation study of children crossing 

in traffic was designed to examine the crossing behaviour of different 

groups of pedestrians in greater detail, 
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Design of a new behavioural study - The Noel Street Study. 

The Noel Street Study was designed so that pedestrians of all ages 

could be observed crossing in traffic at the same site. Video-recording 

the pedestrians and super-imposing a commentary was found to be the best 

method of data collection. 

Five different methods of observing pedestrians had been used in 

previous studies. Filming or video-recording are the most obvious. choice 

for naturalistic studies of this nature since they provide a permanent 

record. Colour film is generally easier to analyse than video recl'Ordings; 

particularly when looking for small head movements and estimating the age 

and sex of pedestrians. However, the use of colour film, which provides 

the better quality data, is restricted by the cost of film. Unless sites 
I 

can be found where large numbers of pedestrians are crossing, or time 

lapse cameras can be used, the expense cannot be justified. Unlike 

video tapesv film cannot be viewed immediately since processing may take 

up to several weeks at certain times of the year. This is important, 

since rapid feedback on the quality of the recordings enables any errors 

in camera angle or filming technique to be quickly rectified. In addition, 

video-tape can be edited and re-used to save time in analysing the data 

and the cost of tapes. These coný; iderations make video-recording the 

obvious choice. Colour video-systems ard now available, but at 

considerable costq and would be ideal for this type of study. 

A problem that arises in both filming and video-recording road 

crossing, is that of selecting a suitable field of view. Many events that 

may influence a pedestrian's decision to cross a road may occur some 

way off. For examplel a pedestrian may wait for a car which then parks 

or turns into a side road outside the field of view of the camera. To 

anyone analysing the film it would appear that he waited for no 

particular reason. This limitation can be overcome by the use of wideý 

angle lenses or multiple camera systems, both of which, introduce additional 
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problems of cost and of finding suitable places to mount cameras. 

Panning the camera is also unsuitable, as important events affecting the 

crossing can easily be missed. A video-recording system incorporating 

a zoom lens was found to be the best solution. The lens could be set 

at a wide angle, and the zoom used to obtain close ups of pedestrians 

when required. A running commentaxy was superimposed on the video- 

recording so that events occurring outside the field of view of the 

camera were recorded. This was found to be most useful. 

After making preliminary observations at several sites, one in 

particular was found to be most suitable. The site was near a junction 

on a secondary feeder: road from the city at a point where it passed 

through a high density housing area. The road was straight and there 

were no pedestrian crossing aids nearby. Infantl junior and secondary 

schools in the immediate vicinity ensured that there were children of 

all ages crossing. Plenty of adults were crossing at the same time. 

Since no other site was found that had such a good age distribution of 

pedestrians, all the video-recordings were made at this one site. 

A portable video-recording system was used to make permanent records 

to be analysed at a later date. Initially the recordings were made by 

filming through a one-way screen mounted in the rear of a small van; 

this was found to be unsatisfactory and the majority of recordings were 

made from the first floor window of a nearby public house. Pedestrians 

could be observed crossing from both sides of the road. The video 

camera was well concealed and no pedestrians appeared to notice that 

they were being observed. Twentyl2-hour periods were spent recording on 

weekday afternoons between 3-30P-m. and 5-30p. m. during four weeks in 

the summer term. Recordings and commentaries were only made when there 

was pedestrian activity, so as to avoid tape wastage. The video-recordings 

were subsequently analysed and three types of measures were recorded: 
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a) Pedestrian variables. 

1. Estimated age of pedestrian. - for children, this was made 

easier by knowing the times local schools finished each day. 

2. Social situation of pedestrian. - pedestrians were 

classified as being alone, in a peer group, with an adult 

or in mixed groups of children. 

3. Protection within groups. - if the pedestrian relie&upon 

another person within the group to make the dýcision to cross 

the road, he was classified as being "protected". When a 

pedestrian crossed with a groupq but appeared to make the 

decision to cross independently, he was classified as 

"unprotected". 

Crossing when masked by a stationary or pEýrked vehicle. - 

Accident report forms (stats 19) record, whether "masked by 

a stationary vehicle" was a contributing factor in pedestrian 

accidents. An attempt was made to record whether pede strians 

were masked from the view of approaching drivers when they 

were about to cross. In practice this meant noting whether 

they crossed close to parked vehicles. Each pedestrian was 

recorded as crossing "masked by a parked car" or "not 

masked by a car". 

b) Subjective measures of crossing behaviour. 

Each road crossing was divided into three stages and the 

pedestrians behaviour was recorded as follows 

i). Approaching the crossing. (to within lm. of the kerb). 

Movement - Running, walking or dawdling. 

Looking -A count was made of headmovements directed 

up or down the road. 

Cars passing - The number of cars passing and their direction 

of travel was recorded. 
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ii). In the kerb area. (approximately lm. either side of 

the kerb). 

Movement - Stopping, continuing at the same paceq 

slowing down. 

Position on kerb (if stopped) - in roadwayq on kerb, on 

pavement. 

Looking -A count was made of headmovements directed 

up or down the road. 

False starts - The number of times a pedestrian appeared to 

start to cross then changed his mind was 

recorded. 

Cars passing - The number of cars passing and their direction 

of travel was recorded. 

iii). Crossing the road. 

Movement Runningg walking, dawdling. 

Direction At right angles to the kerb or diagonally. 

Looking A count was made of headmovements directed up 

or down the road. 

Cars passing - The numbers of cars passing and their direction 

of travel was recorded. 

c) Measures of interaction of pedestrians with vehicles. 

Size of first gap. - This is the gap in traffic presented 

to the pedestrian on arrival at the kerb; the time (sees. ) 

between the pedestrian's arrival at the kerb and the arrival 

of the first vehicle from either direction. The first gap 

is the accepted gap (t 
a) 

if the pedestrian crosses in ýront 

of this vehicldv i. e. no cars pass before he crosses the 

road. If the pedestrian does not crosss it is recorded as 

a rejected gap (tr)- 
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Delay or anticipation (t 
d)- When crossing in the , 

first gap this is the time spent at the kerb before starting 

to cross i. e. it is only possible to delay when crossing in 

the first gap. When a pedestrian waits for traffic to pass 

before crossing he can either anticipate or delay crossing 

in the accepted gap td can therefore be positive or negative 

and is the time from the pedestrian starting to cross to the 

arrival of the car passing immediately after he crosses. 

Safety gap (t 
s 

the time from the pedestrian leaving 

the path of the next vehicle to pass to the arrival of that 

vehicle; i. e. it is a measure of the safety margin of the 

road crossing. 

Time spent on kerb (t 
k) - The total time a pedestrian 

waited on the kerb was recorded. 

Time in carriageway (t 
c 

the time from leaving the 

kerb area to leaving the offside carriageway. 

These measures were recorded on coding sheets. Timing of gaps was 

achieved by using the portable event recorders (Appendix 4) outputting 

directly onto paper tape via a decoder and timer. A diagram of the 

analysis system and a photo4raph of the system in use is shown 

overleaf. The video recorder was modified to allow frame by frame 

analysis for counting headmovements. This system was found to be 

satisfactory when used in conjunction with the commentary. The main 

weakness lies in the relatively poor definition available from the video 

recordings, making the analysis of headmovements difficult. 

Observer reliability was tested by repeated analysis of several tapes. 

Reliability was good for the simple subjective measures of crossing 

behaviourg ranging from 95ýo to 1001l; o' but was lower for the number of 

headmovements 801o. The Standard Error for timing gap sizes ranged from 
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0-3 to 0-7 seconds. The mean traffic density at the site was high, 

approximatelY 700 vdiieles per hour, although this is not classed as 

a major road (A or B road). 

Results. 

The analysis will be presented in two parts. The first is concerned 

with the more objective measures of road crossing 'performance' derived 

from timing vehicles and pedestrians - measures of interaction of pedestrians 

with vehicles. The second attempts, on the basis of the subjective 

measures of pedestrian behaviour e. g. stopping and lookinalto develop 

an overall measure suitable for making comparisons of the crossing 

strategies used by different groups of pedestrians or by pedestrians 

crossing at different locations. 

Nearly 1,200 pedestrians were observed crossing at this site, 700 

crossed iinaccompanied while 470 crossed with another or other pedestrians. 

766 children under 15 years were observed. 

a) How pedestrians interact with traffic 

The probability that a pedestrian will cross a particular road will 

be dependent upon the size of the gaps in the traffic . The probability 

that a pedestrian will cross in a given size of gap can be estimated fairly 

simply from an analysis of the size of gaps accepted or rejected, * 

The first observation study (Howarth, Routledge and Repetto-Wright 1972) 

"' adult pedestrians by Cohen et al, (1955), both estimated and a study oý 

the probability of pedestrians crossing in given gap sizes in traffic 

by comparing the numbers of accepted gaps with the total numbers of gaps 

rejected. Analysing the data this wayq biases comparisons between different 

groups of pedestrians, since those pedestrians who allow most vehicles 

to pass before crossing, contribute most readings, leading to an 

overeýstimation of the caution of the group as a whole. A more accurate 

analysis can be achieved by considering only the first gap in the traffic 
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as the pedestrian arrives at the kerb. In this way each pedestrian 

contributes one reading, only. A considerable number of observations are 

needed for this method of analysis and our early study was based on 

only a relatively small number of observations. 

The second, larger study of pedestrian gap acceptance (Howarth, 

Routledge ano Fepettoý-Wright 1972, Routledge 1975) analysed first gaps 

only. However, ta-was calculated separately for nearside traffic and 

for offside traffic. This will also lead to overestimations of the 

caution of 6roups of pedestrians. Pedestrians make judgements about 

traffic approaching from both directions, and a gap on one side of the 

road that might otherwise be acceptedp may be rejected because of an 

approaching vehicle on the other side of the road. This explains why 

some adults apparantly rejected gaps Of 10 seconds or more. An 

alternative method of analysis is to consider only-the smallest gap i. e. 

the nearest vehicle. This makes the assumption that pedestrians base 

their decision to cross on this one vehicle, and this my not be the 

case when two vehicles are approximately the same way off in either 

direction. There was unfortunately insufficient data for a more detailed 

analysis of this situation. However, at this site the difference in Gr-; -ap 

size in each directionv was very rarely less than 2 seconds, so it is 

a reasonable assumption to make with these, *data. 

Figures 18,199 20 show the probability of crossing through different 

size gaps in traffic on arrival at the kerbt for different groups of 

unaccompanied pedestrians. (See also Table 1 Appendix 4). The data 

is well fitted by the Integral of the Normal Distribution (values of 

Chi-square are given for each grapht p-N. S. indicates that the curve 

is a good fit). In order to test the null hypothesis that all pedestrians 

will cross through the same size gaps with equal probabilitiest the 5(ylfo 

quantile, together with upper and lower 95ý*' confidence limits have been 

calculated (Table 2). The null hypothesis can best be tested by'--- 
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comparing the quantiles for different age groups of pedestrians. There 

are no appropriate non-parametric testst unless data is discarded* since 

the distribution of gap sizes is diffeiýent for each age group. 

The 50jýo quantile is significantly different for the 11-14 year olds 

when compared with that for the 0-10 year Olds (P <. 05). 

50ý: of 11-14 Year Olds accepted a gap size of 4.6 secondst the corresponding 

6ap size for the 0-10 year old children is 5.9 seconds, and for the 

adults, 5.3 seconds. The elderly pedestrians appear to require lari3er 

gaps than any other age group before they will cross, howevert this is 

based on a small number of observations. There are no differences between 

the 0-7 year Olds and 8-10 year Olds. As only 70tO-7 year Olds were 

observed, (this is reflected in the variability of the 50611o quantile)p 

the data for these two groups has been combined*(Figure-19). 

The interpretation of these data is not straightforward. Certainly 

the 11-14 year olds are the most adventurous groupt in that many will 

accept very small gaps in traffic - A'o when presented with a3 second 

gap actually crossed. The adults appear to be more "cautious"s only 

12-5ý crossing in 3 second gaps. While the younger children (0-10 year 

olds) are-also more "cautious" than the older children, the 50% quantile 

is the same as for the adults; there is however, more variability in 

the distribution of the probability of the 0-10 year olds accepting 

gaps of different sizes. 11% and 30 of the 0-10 year oLds cross in 2 

and 3 second gaps respectively compared with corresponding figures of 

Oýo and 12-5% for the adults. 

Although these distributions of accepted gaps do describe the observed 

behaviour of pedestriansl they do not provide an explanation for the 

greater, number'of accidents to the younger children (and the elderly). 

If crossing in small gaps is dangerous then the 11-14 year olds 0 

presumably would be Most at risk. Since this is not the case, the most 

likely explanation is that they have developed the rRcessary skills and 
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have the confidence to cross in relatively small gaps in traffic. There 

is some evidence that the younger childrEn although apparantly more 

"cautious" as a group may occasionally cross in very small gaps in traffic, 

one 5 year old and one 8 year old were each observed crossing in a gap 

of 2 seconds, having seen the oncoming traffic! No other pedestrian 

was seen to cross in a gap this small. 

It is difficult to make direct comparison of these data with previous 

studies for the reasons mentioned earlier in this chapter. However the 

relationships between the different age groups are the sa-,. ie. Previously 

it had been found that 10-12 year olds tended to cross in smaller caps,, 

than 5-9 year olds. (Routledge et al 1976). These data were compared 

with adults crossing a one-way stream of traffic (Cohen et al 1955), 

who not surprisingly, accepted even smaller gaps in traffic. Both these 

studies recorded all the gaps rejected by pedestrians, so the quantiles 

for all the groups of pedestrians were larger than those of the present 

study. The second, large scale study of pedestrians (Routledge 19759 

Routledge et al 1976) found that 12-15 year olds were the most adventurousrý- 

followed by adults and young children. No difference was found between 

the 0-7 year olds and the B-10 year olds. 

Figure 21 and table 3 shows the probability of crossing through 

different size first ; gaps in traffic on arrival at the kerb for boys 

and girls ((ý-14 year olds). There is no significant diff erence,, 

between the two groups at the 50jýý quantile but. boys tend to cross in smaller 

first gaps, Figure 22 shows the same data for adult males and females. 

The difference between these two groups is highly significant (p'-C. 01). 

The 5CF/o quantiles together with the confidence limits are shown in 

table 2. There are rýo significant differences'r6r either sex between 

children and adults. 

A high proportion of boys crossed in small gaps. 10ýý crossed in 

2 seconds gAps and 45/, in 3 second gaps. The corresponding fi-ure's for Q 
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t'-e -irls were C Pl, ý and 28, ". The adult femalp. -: ý are most , caLjtioUs,, only 

1WIc crossing in 4 second caps comnared with 355, of male ad-_: Llts. 

The firdir! 7, that males tený '-. o cross ir mma'. ler a-s tnan fe7ales 

is also consistant with the finclinF. 9 of the earlier stiidies. Fien=e 23 

and table 4, shows the ripme data, for children -in groi,, ns. Children 

'0-10 year lCis) crossint- ir neer ro, irs are conmareý -rith cl, ildren 

(0-10 year old) crossing with adlilts. Whet corr7rared with Fiý7ure 19(a) 

(, 0-10 year olds unaccom, panied) it can be -een thal- ch4lr'ren with a'7--I-ts 

cross in much larger gý: ips. Thore is no si., -n-ificant difference "het"wreen 

the two groups of accompanied children, biit c1rildren in peer groun. s 

tend to cross in slijhtly smaller gaps. Groups of c1ii1dren and children 

with adults cross in relatively larze , , ýaps ir traffic, none of the 

former crossed in a gap small-err than 5 seconds and none of the latter 

crossed in a gap smaller than 6 seconds- 5Cr, ""-' of the unaccompanied 

0-10 years only crossed in 6 second gaps. 

S, =marising these data-. 

1) The unaccompanied 11-14 year olds are prepared to cross in 

smaller gaps in traffic than other pedestrians. 50, ý-. of both adults 

and young children (0-10 year olds) will cross in gaps sizes between 

5 and 6 seconds. Both the adults and the young children are more 

"cautious" -than the 11-14 year olds, but there is s<,. me evidence that 

very young children occasionally cross in very small gaps. 

2) The adult females'are more "cautious" in -their choýce of accepted 

gap than aalilt males. 

3) , Children With adialts cross i- larger CaDs than i. in; nccompanied 

children. 
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FIGURE 18 

Probability of unaccompanied 0-7 and B-10 year olds crossing 

tl=ough different size first gaps on arrival at the kerb. 
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FIGURE 19 

Probability of unaccompanied 0-10 and 11-14 year olds crossing, 

through different size forst gaps on arrival at the kerb. 
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FIGURE 20 

Probability of unaccompanied 15-59 and 60+ year olds crossing 

through different first size gaps on arrival at the kerb. 
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FIGURE 21 

Probability of unaccompanied male, 0-14 year olds 

and female 0-14 year olds crossing through different 

size first gaps on arrival at the kerb. 
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FIGURE 22 

Probability of unaccompanied male adults (15+) and female adults (15+) 

crossing through different size first gaps on arrival at the kerb. 
I 
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IGURE 23 

Probability of 0_10 year olds in groups 

and 0-10 year olds with an adult crossing 

through different size first gaps in traffic. 
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In the earlier studies of pedestrian behaviour an attempt was made 

to find a measure that reflected the skill and efficiency of pedestrians 

crossing through paps in traffic. It was argued on the basis of casual 

observations of childrEn and adults crossing roads that the "skilled" 

pedestrian would make most use of a gap in the traffic by anticipating 

the arrival of the vehicle defining the start of the gap. By crossing 

closely behind, this vehicle the safety margin between himself and the 

next approaching vehicle would be maximised. This safety margin was 

called the safety gap(t,, ), and was considered to be an absolute measure s 

of the risk in crossing a road - since a safety gap of zero ist by 

definition, an accident. Comparisons of safety gaps for groups of 

pedestrians differentially at risk (age groups) initially suggested 

that the high risk groups left smaller safety margins (Howarthq Routledge 

and Repetto4righý 1972). A large scale replication of the s. tudy failed 

to confirm this result. (Routledge 1975). The, random site study had 

shown that young children run across roads far more frequently than older- 

pedestrians (Figure 159 Chapter 3). The failure to describe the 

anticipatory behaviour of the more "skillful,, pedestrian in terms of the 

safety gap could therefore be explained by the young children possibly 

waiting for a car to pass, and then rushing across the road. If, instead 

of recording the safety gapt the time from the moment a vehicle defining 

the start of a gap passesq to the moment the pedestrian starts to cross 

is measured, the anticipatory behaviour of different groupst or the lack 

of it, should become evident, This quantityv called pedestrian delay(td-)t 

can be either positive or negative depending upon whether the pedestrian 

anticipates crossing behind a vehicle (leaving the kerb before the vehicle 

passes) or waits till it has passed. 

The distributions of delay for unaccompanied pedestrians crossing 

through gaps in traffic are shown for different age groups in Figure 24- 

The means for each age/sei group are also plotted in Figure 25-- Table 5 
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FIGURE 24 

Di . stribution of delay/anticipation for different 

age groups of unaccompanied pedestrians crossing 

through gaps in traffic. 
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FIG UR E 25 

Mean delay/aniicipation for age and 

sex groups of unaccompanied pedestrian 

crossing through gaps in traffic. 
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shows the means and S. E. 's. 

There is a significant effect of age, older pedestrians (with the 

exception of the elderly) delay less when crossing through gaps in traffic. 

The distributions of td are significantly different for all age groups 

(p 4-01, t-test). The elderly pedestrians delay longer than the adults. 

Whereas aoults only delay between -1 and 1 second before starting to cross, 2 

the young children delay on average 4 seconds before crossing. 

With the exception of the youngest age group, 0-7 year oldso the 

difference between the distributions of td for each sex are significantly 

different at each age group. Males delay less than females (p-<. Olj 

t-rtest). 

The delay on the kerb before crossing in the first gap in traffic is 
I 

shown in Figure 26. The effect of age is not significant. When there 

are no vehicles around children delay little longer than adults; when 

there are vehicles passing and the crossing is made between them, 

children delay much longer than adults. Th# suggests that a young child's 

decision to cross through a gap in traffic is influenced, not only by 

the approaching vehicle but also by the vehicle defining the gap. 

Children in groups and children with adults delay less than 

unaccompanied 0-10 year olds. . 
ýTable 6). This is somewhat surprising 

since it might be expected that they would take longer to organise 

themselves getting across the road. Since both groups cross in larger 

gaps they may have had more time to prepare for the crossing. Figure 27 

shows the mean delay for different age groups when crossing through 

gaps defined by the passage of nearside and off'side vehicles. When 

about to cross behind a vehicle approaching on the offside of the roadt 

a pedestrian can anticipate the gap by starting to cross the nearside 

of the road before the vehicle arrives. The more experienced pedestrians 

appear to do thisq they anticipate more when crossing through offside 

gaps, the young children do not make this distinction, they deliy-an 
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FIGURE 26 

Meam Delay on Kerb for Sex and Age Groups 

of unaccompanied pedestrians, before crossing 

in the first gap in traffic. 



Fig. 26 

x 
N 

0 
ol 
ru 

) 

LO C) LO 
C) 

(. S: )Zs) qjzý uo A-elop 

14 

7) 

C- 

C) 

CID 

t;. 

CD 

FIG. 3; 

+ 
cD 
(0 



104. 

IGURE 27 

Mean delay/anticipation for sex and age groups 

of unaccompanied pedestrians crossing through 

gaps in nearside traffic and offside traffic. 
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equal time for both types of gap. 

The total time spent on the kerb decreases with age (Table 7) 0-7 

yeaýolds waited 17 seconds on average before crossing, adults waited 

only 7 seconds on average. There is no sex differences for the youngest 

and the oldest pedestrians, however, the older boys and male adults 

wait less than the older girls and adult females. 

Children spend less time actually in the road (Table 8) 0-7 year olds 

take 3 seconds, on average, to cross the roadt adults take 4 seconds. 

There are no sex differences. This difference is due to the children 

running across the road more frequently. 

All these measures su8gest greater skill on the part of the more 

experienced pedestrians. Young childrent although apparantly eager to 

cross the road quickly, do not interact with the traffic to their best 

advantage. They spend longer waiting to cross and do not always take 01 

the advantage of the gaps in traffic when they do cross. 

b) Subjective measures of pedestrian behaviour. 

Previous classifications of "safe" and "heedless" road crossing behaviour 

were based on observers subjective impressions of the road crossing as a 

. whole. These were related to accident risk in an attempt. to estimate 

the importance of "heedless" as a cause of road accidents (Routledge 1975)- 

The correlations of "heedless" behaviour and accident risk (pa/0) obtained 

from the Random Site Study (Table 13 Appendix 3) suggest that "heedless" 

as a cause of accidents may be more important on minor roads. 

(Correlation of php with pa/c of -85 on minor roads and of -57. on major 

roads). In this analysis no attempt is made to classify directly 

pedestrians as "safe" or "heedless"t each crossing has been carefully 

analysed by dividing into three stages and describing pedestrians behaviour 

in each stage. A summary of these individual measures follows, detailed 

tables of results are shown in Tables 9,10 and 11. 
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Approaching the ker . 

Boys run more frequently than girls and young pedestrians more than 

older pedestrians. 25ý6 of the 0-7 year old boys and 9; ý of the girls run 

up to the kerb. Only 2io of adults run. 

Only 557b of the 0-7 year olds looked during the approach to the kerb 

while 977, of adults looked. There were no significant sex differences. 

The mean number of head movements made, also increased steadily with age, 

approximately twice as many head movements are made by adults as by young 

children. 

It would appear that as pedestrians become more experienced, they 

assess the crossing situation in advance so placing themselves in a 

position to take full advantage of a favourable traffic situationg the 

younger less experienced pedestrian tended to go straight up to the 

kerb before paying much attention to the traffic. 

At the kerb. 

Twice as many 0-7 year olds stop at the kerb as adults, this further 

supports the previous argument. The more experienced pedestrians modify 

their pace and continue if the traffic situation allows. Females tend 

to stop more frequently, at all ages. 

The percentage of pedestrians looking when at the kerbi after having 

stopped, remains constant over age. Females tend to look more than 

males. A high proportion of the 11-14 year old boys do not appear to 

look. The mean number of head movements made also remains constant, 

though there is a tendency for older males to make fewer head movements. 

Adults make less than twice as many head movements at the kerb as they 

do during the approach; childreng however, make more than 4 times as 

manyo 

Crossing the road. 

Young pedestrians run across the road most frequentlY- 56% of the 

0-7 year olds run while only 6; ý of the adults run. Males tend tbý-run 
I 
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slightly more than females. 

The majority of pedestrians crossed directly; approximately 75ý 0 of 

the under 15 years and 90ýý of the adults. 

The 0-7 year olds looked most frequently while crossing the road, 

they also made more head movements. The number of head movements made 

by the older groups was approximately constant. 

Prom these and other observations it is apparent that there are 

considerable differences in the ways in which pedestrians cross roads 

and different strategies are used. An adult in a hurry will cross a 

busy road tiirough a small gap in the traffic with the minimum of delay 

with apparent safety and ease. A young child equally anxious to cross 

the same road may stand on the kerb for a considerable time before 

committing hims6lf to cross in a not particularly safe gap and may then 

run across the road with head down disregarding the traffic. Whereas 

the adult is able to interact with the traffic environment and probably 

initiated the crossing sequence before arriving anywhere near the kerby 

the child is adopting a passive ro16 and is unable to interact with the 

traffic in this way. 

A "cautious" child may religiously follow the directions of the Green 

Cross Code before crossingg although there may not be a car in'sighto 

while the "heedless" child will rýn straight across theroad without 

having paused to consider the potential risk involved. In the first 

instance the child is obviously being very safe albeit taking somewhat 

longer than needed to cross the roadq the second child gets across the 

road fast, achieving his goal with minimum delayt but is exposing 

himself to considerable danger. 

In order to examine these differences in behaviour between different 

groups of pedestrians and behaviour in different road crossing situations 

a simple model to classify crossing strategies has been devised. 

The "skillful" pedestrian, making a road crossing, is essentially 
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correctly organising a sequence of activities. This involves the 

organisation of sequences of visual and auditory information e. g. 

estimations of vehicle speeds and organisation of the correct sequence 

of responses. This sequence is not predeterminable, since the pedestrian 

is continually monitoring new visual and auditory information in order 

to determine the correct response. Each of these responses is directed 

towards a short term goal e. g. the first thing to do before crossing a 

road is to decide where to cross. Thils the overall sequence of movements- 

made by the pedestrian will be determined by the responses made towards 

each of these short term goals. The level of skill achieved will to 

some extent be reflected by these component processes. Howeverg the 

sequence of activities will also depend upon the overall goalp e. g. is 

it more important to cross the road as soon as possible to catch a 

waiting bust or is it more important to wait till the road can be crossed 

safely. An "unskilled" road crossing could be the result of a failure 

to properly organise the visual and auditory information or to a failure 

to respond correctly. 

Accepting this definition of a I'skillfull 
II 

road crossingg "skilled" 

or attempts at "skilled" road crossings are only possible when a pedestrian's 

attention is directed towards the crossing situation. What are commonly. 

termed "heedless" road crossings will only occur when a pedestrian pays 

no attention to the traffic, thus distinguishing it from an "unskilled" 

crossing. To a large extentIthe attention paid to crossing the road, 

will depend upon the reason for wanting to cross the road in the first 

place e. g. if a child's attention is primarily directed towards 

retrieving a football, the road crossing may be of sedondary importance. 

Two factors are of paramount importance and are common to alý road 

crossings. The safety of the crossing and the time taken to croSB the 

road. It*should be possible to classify every road'crossing in terms 

I 
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of these two factors i. e. how safe was the crossing and how expediently 

was it carried out. Expedien. f or ineýcpedient crossings are defined 

as a road crossing achieved with the minimum or maximum of delay. By 

measuring these two factors on two bi-polar scales and presenting them 

orthogonally we have the following model. 

EXPEDIZT 

"Heedless" "Skilled" 
road crossings road crossings 

UNSAFE 

"Unskilled" "Cautious" 
road crossings road crossings 

INEXPEDIRIT 

SAFE 

Here are some examples of how different types of crossings would fit 

this model. 

A "skilled" adult pedestrian who assess the traffic situation before 

arriving at the kerb, selects a gap in the traffic he intends to cross 

through and executes the road crossing smoothly and safely would cross 

both safely and expediently. 

I 
A child intent on getting a runaway ball, paying no attention to 

the crossing situationg would cross the road expediently, i. e. with 

the minimum of delay, but unsafely. 

An elderly pedestrian might be very cautiOust taking great-care to 

stop and look for traffic, but might spend longer than he need waiting 

0 
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to cross. The'crossing would be both unsafe and inexpedient. 

Provided it is possible to scale these two factorsy comparisons 

can be made between the b6haviour of different groups of pedestrians 

and between behaviour at different crossing locations. The use of this 

model does not assume any basic skills on the part of the pedestriang 

it is equally appropriate to apply this model to a two year old crawling 

across the road or to a "skilled" adult pedestrian. The scoring system 

developed is based on assigning positiveg negative or zero scores on 

each dimension for different actions of each pedestrian as in Pi6mre 28. 

These derived measures of behaviour have been calculated for different 

age and sex broups of unaccompanied children, Figure 29. (1,1, eans and 

Standard Errors have been plotted for each group). All the children 

and adults cross safely at this site, the girls are safer than the boys. 

The older children appear to cross more "skillfully" than the younger 

children, who tend to be more "cautious". The adultsy both male 6rA 

femaleg are most "skillfull", crossing both expediently and safely, 

These data are shown in Table 12. 

Figure 30, shows the behavioural measures for children crossing in 

groupsp crossing with adults and crossing unaccompanied. In groupst the 

children are slightly less expedient, with adults they are safer. A 

more detailed breakdown of groups of children is shown in Table 13. The 

mixed group of 0-7 and 8-10 year olds ýs the least safe group. 

Alternative methods for weighting and scoring the individual components 

and sequences of crossing behaviour were considered. It is possible to 

devise more*complex scoring systems, based not only on observed behaviour 

but on interactions with traffic e. g. anticipation/delay, that would 

better describe this process. However, since a primary aim of the 

research is to develop measures thatýcan be used as criteria'for assessing 

the effectiveness of remedial programst it is important that the measures 

adopted are derived from data that can be easily collected and Szored. 
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IGURE 29 

Derived behavioural measures for unaccompanied 

pedestrians by age and sex groups. 
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FIGURE 30 

Derived behavioural measures for pedestrians 

crossing in groups. 
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These derived measures do describe the observed differences in strategies 

used by clifferent groups of pedestrians and observers do not need to make 

subjective judgements of the "riskiness" or "heedlessness" of road crossings. 

/ 
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C IL APTER 

THE RELATIONSHIP BZTlvM CROSSII'G 

BEHAVIOUR AND ACM)ENT RISK. 

--l 
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INTRODUCTION 

The Random Site Study had confirmed the finding from the early 

exposure studies (Routledge et al 1976) that differences in the accident 

rates of child pedestrians could not be accounted for in terms of , 

differential exposure. Young children are most at risk; boys are more 

at risk than girls; crossing major roadsis more dangerous for children 

than crossing minor roads. The observation study of pedestrians crossing 

a busy road (chapter 4) had revealed differences in the way children 

and adults crossed roads. There was little evidence of llheedlessllý 

behaviour on the part of children. Children were paying attention to 

the traffic and mistakes appeared to be caused by errors of judgement. 

One 8 year old girl had a very "near miss". She stopped near the kerbo 

looked for traffic in both directions and then nearly walked straight 

under an approdching car. An accident was only avoided by the driver 

braking heavily and the child retreating from the path of the vehicl-e 

at the last moment. This was clearly not a case of "dashing out into 

the road without looking! '. 

The purpose of this research has been to look for causal explanations 

for the large numbers of accidents to young pedestrians and to develop 

measures for assessing the effectiveness of preventative measures. In 

order to do this the nature of the relationship between crossing 

behaviour and accident risk needs to be understood. If children do stop 

at the kerb, look for traffic and then get run ovqrv we should be 

considering alternative and/or additional preventative measures* What 

is not known from the observation study, is whether the behaviour of the 

children observed crossing the busy road was typical of their behaviour 

when crossing elseiý, here. The earlier attempts to classify children'Is 

behaviour on different types of roads (Routledge 1975), cliscussed in 

the previous chapter, suggest this is not the case. 

There are two possible approaches to observing child pedestrians 
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crossing at different sites: 

a) Observations can be made at selected sites either by filming 

or by direct observation. 

b) Children can be selected and then observed crossing at different 

sites. 

The problems involved in designing observation studies have been fully 

discussed in the previous chapter. Filming techniques can only be 

carried out at sites where relatively large numbers of children crosst 

since it becomes time consuming and uneconomic if large numbers of 

observations are needed. Direct observation of road crossing had been 

used in the Random Site Study. Using one observer it was found 

that only very basic observations could be made, more detailed descriptions 

of behaviour could not be gathered with any degree of accuracy, since 

the observer was,. processing too, much information at any one time.. Some 

unsucesuful attempts were made using two observers, but difficulties 

were encountered in co-ordinating observations on selected pedestrians. 

The technique developed for collecting., exposure data by "following" 

children home from school (Roixtiedge et al 1974(b) ) was a possible 

alternative. Direct observation using this technique 6nables observers 

to obtain quite detailed descriptions of children's crossing behaviourt 

since their attention is only directed towards one child. Measures of 

gaps sizes and pedestrian anticipation/delay cannot be obtained in this 

manner, and some problems do arise in accurately recording whether the 

child is looking, since 
ýhe 

observer may not be standing at the best 

vantage point. If children are to be observed crossing at a number of 

different types of sites the "following" technique is the only choice. 

The study, to be described here formed part of a new series of studies 

of child pedestrians carried out for the Transport and Road Research 

Labo. r. atory. The contractsunder the directorship of Professor Howarth 

0 
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and Dr. Routledge had four principal aims. 

a) To examine the relationship between childrens' road crossing 

behaviour and their accident risk. 

b) To compare the road crossing behaviour of children who are 

differentially exposed to risk. 

C) To investigate the desireability and feasability of reducing 

childrens' accident risk by reducing their exposure. 

d) To compare exposure measures of child pedestrians in towns with 

widely differing accident rates. 

Four independent but inter-related studies were designed. Twelve 

Junior schools were selected in Nottingham City. Four from each of three 

different residential areas, namely central, suburban and estate. ' Nottingham 

City can be divided conveniently into these different areas and this 

classification had been adopted in previous studies (Routledge et al. 

X974(b) ). From each school 12 boys and 12 girls from each of the age 

groups 5,6,8,9 and 10 were randomly selected. Seven year olds were 

onmitte. d for the reasons mentioned in Chapter 3. A total, of 720 children 

were selected. Direct measures of exposure and behaviour were obtained 

for half these children. They were followed for a 20 minute period after 

they left school. The same children were interviewed at school the 

subsequent dayp together with the remaining 360 children who acted as 

controls. A random site study was carried out in the catchment area of 

each sýhool simbltaneously. The parents of all the children who were 

followed were interviewed at a later date. The four studies concerned 

with the tirst. 3 aims can be summerized as follows*. 

a) "Following" StudY - 360 selected children were followed for a 

20 minute period after leaving school. This primarily would 
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provide measures of childrens road crossing behaviour at a 

variety of sites. Exposure measures based on this sample of 

children could also be obtianed. 

b) "Interview" study - 720 children were interviewed at school and 

asked about their activities and movements the previous day, 

the remaining 360 were selected as controls. These interviews 

provided estimates of childrens' exposure ov6r 24 hours, giving 

a more accurate estimate of childrens overall exposure than 

exposure estimates based on a 20 minute period after school. 

C) Random Site Study - This was carried out in the catchment areas 

of each of six schools. By carrying out an exposure study at 

the same time as the "following study" a ccmparison could be made 

of the exposure estimates derived from each of the studies. 

0 
d) Parent Interviews - The parents of the 360 children who were 

followed in the first study were'interviewed at a later date. 

The interviews with parents were designed to assess their 

attitudes towardsýand knowledge of their children's exposure 

to riskq and to investigate the feasability of reducing childrenl, s 

accident risk by reducing their exposure. 

This was an ambitious program. It is only intended here to describe 

and dis. cuss in detail findings relating to the first study - the relationship 

between accident risk and childrens crossing behaviour. Findings from 

the other studies will be discussed briefly in the final chapter. 

Designand Methodology of Following Study. 

a) Selection and Identification of children. 

The twelve schools had been selected as being "representative" of 

each area. Some were schools that had co-operated in previous studies, 

but all the schools chosen said they would be pleased to take pcirt and 



120. 

without exception, the head teachers and staff were extremely helpful. 

The children, who had been randomly selected from the school lists. at 

each school, were to be identified by the observers by means of badges. 

Different ooloured badges, -brightly printed in "Dayglow" colours, and 

bearing the legend 11DON'T DROP LITTER" were issued by the class teachers 

to all the children in their class. This was arranged so that only one 

or two classes a day got the badges. The four children who were to be 

followed each dayq 2 boys and 2 girls, were each given a red or a green 

badge (one red and one green for each sex). The rest of the children 

in the class were given different_colouýed badges. Red and green badges 

had been chosen so that they were easily distinguishable from the others. 

Teachers were asked to hand out the badges to the children in their class 

making sure that the children wýo were to b*e given the red and green 

badges did not -think they were being selected for any special reason. 

In an attempt to. make sure that the children wore their badges and did 

not swap them with other children, the class teachers were asked to tell 

the child thatl'provided they wore their badges home and brought them 

back the following day without having lost or changed them, the whole 

class, at the end of the week, would receive badges that they could then 

keep. This also ensured that the previous day's red and green badges 

were removed from circulation. 

Every attempt was madeq beforehand, to find out which school exit 

the children were likely to use, so that they could be easily spotted on - 

leaving school. I 

b) Observers. 

Four female observers were used, two of whom had previously had 

experience of observing children. Their task was to identify a particulai 

child by the colour of the badge and the sex of the child. Several 

mothers were usually waiting for their children outside the school gatest 

and the'observers were able to remain fairly ýnconspicuous. Eaýý-observer 
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carried a small portable tape-recorder and a microphone concealed in a 

scarf around their neck or under the lapel of their coat. As soon as 

they spotted their allocated child they commenced'recording an account 

of all the child's activities for a 20 minute period after school 

finished. 

Observations and recordings. 

Children's behaviour was recorded by the observers so that the 

behavioural, measures devel9ped in the last chapter could be scored for 

each road crossing. By means of the recorded running commentaryt 

observers noted the child's behaviour at the three stages of the crossing. 

As the child approached the kerb the observer would note down whether 

the child was runningp walkingt skipping etc. and whether the child 

looked fcc traffic. In the area in the immediate vicinity of the kerb, 

the observers recorded whether the child stoppedq continued at the same 

pace or slowed downg and whether he looked for traffic. While actually 

crossing the road the observers noted whether the child ran or walked 

and again whether he looked for traffic. Details of accompaniment 

protectiong crossing locations were also re corded. A specimtn tape 

record for a crossing might read as follows: - 

"Jan is walking up Greencroft Avenue by herself on the right hand 

paxement and is approaching the junction with Talbot Street.... She 

walks straight up to the kerb and stops.... she didn't look before.... 

now she's looking both ways up and down Talbot Street.... seems to be 

waiting for something.... bicycle goes past her on the nearside and 

she runs across the road.... does not look again. No parked cars around, 

no traffic! " 

The tape-recordings were transcribed by the observers as soon as 

they arrived home that day. The details for the recordings were 

transcribed directly on to a map to show the route each child took. 
i 
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Every excursion into the roadway was numberedo this corresPonded with 

a transcription sheet giving details of each road crossing (see Apfendix 6). 

The data was then coded and put onto punched cards. 

d) Traffic density counts. 

Estimates of traffic density counts cane from two sources. A 

comprehensive collection of traffic density counts for many roads in 

Nottingham had been built up from previous studiest and for many of the 

roads used by the children in the sample, the required traffic density 

counts were available. As some of these counts were made some time ago 

care was taken to look for the possible charilps in traffic density due 

to redevelopment schemes or traffic engineering projects. Traffic density 

counts were also taken by the Random Site observers during or at the end 

of both 20 minute observation periods. Additional counts were made as 

required at the same time of day. 

Data analysis. 

The data analysis was carried out on the University of Nottingham's 

ICL 1900 computer using the Statistical Package for Social Sciences 

(Niet N. Bent, D. Hullt C. 1970) an integrated system of computer'prog-rams 

for the analysis of survey data. Accident statistics used for calculating 

risk measures were based on accidents to child pedestrians in Nottingham 

City from 1969 to 1973 inclusive. These were obtained from the Accident 

Investigation Division of Transport and Road Research Laboratory. 

Exposure of children in the sample. 

The 360 children followed by the observers crossed 1318 roads during 

the 20 minute period after school ended. The mean number of roads crossed 

are shown in Figure 31, Rc is also shown (Table lt Appendix 5). The 

children crossed nearly 4 roads on average during this 20 minute period. 

The majority of these crossings were made by children on their way home from 

school. This is the "potential" exposure of the children as defined in 
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IGURE 31 

Potential exposure i and n- 0 
by age and sex. 
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Chapter 2: it does not take into account any protection provided by other 

adults, older children or crossing wardens. There are no significant age 

or sex differences, but the younger boys do tend to cross slightly 

fewer roads. 

Figure 32 --hows the "real" exposure of the children in the sample. 

The protection weighting has been usedas before. These data are also 

shown in Table 2. The younger children are best protectedl their real 

exposure is only 46 of their "potential" exposure. Although these children 

cross approximately the same number of roads as the children in the Random 

Site Study (Figure 3), the roads they cross are less busy (Figure 4), 

This may be due to a bias in the sample of schools towards schools located 

in less busy areas. This cannot be easily checked. 

The schools in the sample were located in three different areas. A 

central area consisting in the main, of high density. older terraced 

property and new high density developments. Few of these houses have 

gardens and in general there are poor play facilities. The central area 

includes the viain shopping area of Nottingham. Two large council estates 

together with several small mixed housing estates make up the estate 

category. These are both pre and post war developmentsp primarily 

residential with reasonably good play facilities for younger children. 

The houses nearly all have gardens. The suburban area is made up of the 

remainder of the city and is therefore-a mixture of different types of 

housing. Approximately 10,000 children live in each area. 

The 'potential' exposure of the children has been calculated for each 

area, Figure 33 (Table. ý3)-' There are no major differences 

between the areas, but children living on estates tend to cross more - 

roads than children living in the central area. Although the older 

children in the central area cross fewer roadst these roads are busier. 

This is a somewhat surprising finding, since one might expect the 
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PIGURE 

Real exposure, ;ý and nc by age and sex. 
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PIGURE 33 

Potential exposurep i and ;, by age and sex 

for different areas of Nottingham. 
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children in the central areas to be potentially more exposed to traffic 

and to have to cross more and busier roads. Howeverp since housing 

densities and population densities are high in the central areap the 

catchment areas of the schools tend to be small, the boundaries frequently 

being defined by main roads. 

The real exposure of the children in the three areas is similar 

(Figure 34). The 5-6 year olds living in the estate area are more 

protected than the other children. 

P-'., has been calculated for each of these areas from accident statistics d 

supplied by the Accident Investigation Division of TRRL and from local 

population statistics. ' , 

The risk estiwates pa/r and pa/c, were calculated in the usual way 

and are shown in Figure 35 (Table, ý). There are clearly very large 

differences between thl thFee areas, the greatest difference being between 

the central and-estat4 areas* The boys are more at risk than the girls 

and older children more at risk than the younger children. The differences 

between the number of accidents to boys and girls, children living in 

different areas and children of different ages, clearly cannot be 

explained in terms of differential exposure. 

There are three possible explanations for these differences between 

the areas. 

1. Behaviour. Children living in the central area behave more 

dangerously than other children. 

2, Distribution of crossing locations. There is evidence from 

previous studies that risk of crossing the road is different 

at different crossing locations (Howarth, Routledge' 

and Repetto-Wrightp R. 9 1972). 

If the distribution of crossing locations in the central 

area is biased towards the more risky crossing locations, 

the accident risk estimates for the areas as a whoiý-will 
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IGURE 34 

Real eyposure i and R, by age and sex 

for different areas of Nottingham. 
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FIGURE 3ý, 

Real risk, P and PP by-age groups rL/r ---- --a/c 

and sex for different areas of Nottingham. 
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reflect this bias. In calculateng p a/r and p a/c possible 

differences in the distribution of crossýng locations have 

not been taken into account. 

Other reasons. If neither of the two previous explanations 

or a combination of both account for the differences between 

the areas we must look elsewhere. There are possibly more 

subtle differences in crossing locations that make some 

locations potentially more dangerous than others. 

Crossing behaviour at different locations. 

A breakdown of-the basic behavioural measures by age and sex, for all 

the roads crossedo are shown in Tables 495 and 6. Boys ran up to the kerb 

more frequently than'the girls (%2 = 5.3 with 1 d. f., p 4.05), they also 

stýpped more (, X2 = 23-8 with 1 d. f. 0 p <. 001) and while at the kerb they 

looked more frequently (, X2 = ia. 6 with 1 d. f., p-4.001). There was no 

significant effect of age on any of these measuresp althouggh there was 

a tendency for the older children to look more and run less. 

In order to compare the strategies children used crossing at different 

locationsp measures of the "sa,; ety" and "expediency" of each crossing were 

calculated as before (Chapter 4). Sequences of behaviour were scored in 

the same way (see Figure 27)- 1086 road crossings were scored, 233 

crossings were discarded since all the information required to score both 

for "safety" and for "expediency" were not obtained. No particular group 

of children or crossing location was overepresented by missing data. 

The first analysis looks at the relationship between each of the two 

derived behavioural measures and traffic density. Traffic density ha's 

been calculated as vehicles passing per hour and plotted on a log,. scale. 

Figure 36 shows how the "safety" of each crossing varies with traffic 

density for both boys and girls. 
1 

As the traffic density of the roads 

increases, the childrens road crossings are "safer" (F = 20.11 (1,19085) 

p. e,, 001). The girls are "safer" than the boys on the roads having lower 
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FIGURE 36 

Behaviour measures by traffic density 

for unaccompanied children. "Safe" - "Unsafe". 
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traffic densities, on the busiest roads both boys and girls are equally 

"safe". "Expediencylls Figure Pj decreased with traffic density (F - 

8-50 OvlO85) pC. 01) and the girls are less "expeditious" on all roads. 

The observers had attehpted to record whether traffic was approaching 

as, the child arrived at the kerb, but unfortunately therelk6l: e insufficient 

data to carry out this analysis. 

Figure 38 shows these derived behavioural measures plotted orthogonally 

for age and sex groups on major and on minor roads. (Table 7)- Standard 

errors are plotted for each point. Since "safety" and "expediency" are 

p 
itively correlated, they must be treated cautiously. However, there 

are large differences between the behaviour of the children on major 

roads and on minor roads. Children cross the major roads fairly efficiently 

i. e. both "safely" and "expeditiously" the younger children are relatively 

inefficient, they are neither particu. 163-1y "safe" nor "expedient". The 

behaviour. of children on minor. roads appears to be relatively "unsafellp 

and the boýs are least "safe" on these roads. 

The children crossing at the site observed in the previous chapterl 

which can be considered to be classified as a major roadp were equally 

"safe" but crossed more "expeditiously". The most likely explanation 

for this difference is that the observers may have failed always to record 

when a child looked for traffic during the approach to the kerb. This 

is difficult to observet since frequently a pedestrian will be able to 

glance up and down the road very quickly and the observer is not always 

standing in the best place to observe these types of head movements. 

Alternatively the site may not have been typical of the major road sites 

in the sample. Some of the crossings made by children in the sample 

were made at zebra crossings and traffic lights. There was unfortunately 

insufficient data to carry out a more detailed analysis. 

The behavioural measures have been calculated for children crossing at 

different locations on minor road, the means and S. E. 's for children 
I 
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IGURE 37 

Behaviour measures by traffic density for 

unaccompanied children. "Expedient" - llýnexpedient". 
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IG TJ RE 38 

Behaviour measures on major and minor 

roads by age and sex. 
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crossing at junctions and not at junctionss when masked, 'unmasked by C> 

stationary vehicles are shown in Table 8. In every case the girls-are 

more"cautious" than the. ýoys, they are "safer" and more "expedient". 

Both boys and girls are more cautious when crossing at junctionsq they 

appear to be most "heedless" crossing away from junctions, especially 

near parked vehicles. The classification of crossing masked by a parked 

vehicle must be treated cautiously since this is based on the observers 

subjective assessments. However, it does appear that children cross 

more cautiously at junctions. which correlates with their reduced accident 

risk at junctions. 

The behavioural, measures were also calculated for children in the 

different areas of the city (Table 9). There is no evidence for any, 

differences in behaviour. The greater risk to the children living in the 

central area cannot be explained by differences in their behaviour. 
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CHAPTER 

DISCUSSION AND CONCLUSIONS. 



137. 

Although young children are involved in large numbers of accidents as 

pedestriansl considering the complexity of the task they face when crossing 

a road, and the inherant dangers present in the traffic environment, 

they cope surprisingly well. The likelihood of a5 year old having an 

accident when crossing a road, based on the exposure of children in 

Nottingbam, is approximately once in every 1 million road crossing. 

However, older pedestrians co. Pe even better, the likelihood of an adult 

being involved in an accident as a pedestrian when crossing a road is 

only once in every 10 million road crossings. 

A primary aim of these studies has been to find out why young children 

are so much more at risk than other pedestrians. In addition, an attempt 

has been made to develop techniques by which the effectiveness of prevent- 

ative measures may be assessed. The approach adopted has been to observe 

the normal road crossing behaviour of both children and other pedestrians 

and to relate measures of their bebaviour to measures of their accident 

risk. 

The Random Site Study provided estimates of exposure for all age and 

sex groups of pedestrians, which could be quantitatively related to t1v 

relevant accident statistics. Measures of risk were calculated for 

pedestrians crossing at different locations. After making a detailed 

study of pedestrian's behaviour crossing a busy road, a method of describing 

the strategies used by pedestrians was developed. This did not rely on 

observer's subjective judgements of the "riskiness" or "heedlessness" 

of road crossings. The final study attempted to relate these measures 

of behaviour to measures of accident risk$ by observing children crossing 

at different locations. 

Although the findings from these studies are by no means conclusive, 

they do havp implications for road safety education and fPr : p. educing. 

accidents to children as i-edestrians. This will be discussed later. 

Furthermore, techniques have been developed that can be used to estimate. ' 



138. 

pedestrian risk. 

The importance of obtaininv,, accurate estimates of accident risk was 

recognised. earlier (Howarth et al 1974) and is an important investigative 

tool. One of the major pro'plems in estimating risk to pedestrians is 

related to the accident data. Since accidents are rare ývents, accident 

data for several years usually has to be combined for age and sex groups 

of pedestrians and for different locationsl in order to obtain reliable 

estimates of accident risk. This is a particular problem when estimating 

accident risk for specific locations, e. g. crossing between parked cars 

away from junctions during the afternoon in Nottingham. The more 

detailed the breakdown of the accident data, the more ambiguous and 

unreliable they become. Other problems arise from the use of accident 

data e. g. crossin6 while masked by a stationary vehicle is in itself 

ambiguous, since the classification relies almost entirely on the 

subjective appraisal of witnesses. There are also considerable limitations 

in the quality of the available accident statistics at these levels of 

analysigg since small errors are t, rossly magnified. 

A technique is about to be investigated that may overcome these short- 

comings in the accident data. The feasability of using risk estimates 

at particular crossing sites obtained by studying the llconflicts", ý- 

between pedestrian and vehicles, is being investigated. 

A traffic "conflicts" technique has been developed and evaluated to 

study vehicle-vehicle interactionag Perkins (1968), Baker (1972), Spicer 

(19719 1973). The technique was developed primarily for measuring traffic 

accident potential at intersections and to provide the kind of information 

needed as a basis for the design of safety improvements. The technique 

ha6 also been applied to study pedestrian-vehicle interactionsl Ghtinger 

and Kraay (1976). They tested certain hypotheses about the design of 

residential 'yards' and the "conflicts" technique was developed and 

evaluated in these somewhat unusual environments. 
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Although most studies of vehicle-vehicle interactions have found 

that conflicts are significantly related to accidentsl the correlations 

might be explained by the dependence of both conflicts and accidentsq on 

traffic density. While the validity of this type of ap, ýroach must still 
a, 

be in doubt, conventional accident analysis tAchniques are no more reliable 

especially, as has already been mentioned, in situations where there is 

a paucity of accident data. 

Residential areas are an example of the type of situation where a 

real accident problem exists with child pedestrians, but since the 

accidents are widely distributed, conventional accident analysis techniques 

cannot be employed with any confidence, since accident data from a variety 

of sites has to be pooled. It is in these areas that "conflict" studies 

may provide more reliable estimates of risk, so that the types of situation 

in which children are most at risk can be identified. Since nearly all 

accident remedial wolk carried out by traffic engineers at the moment, 

is done on the basis of identifying and treating accident "black spots", 01 

it is an apiroach that has a practical appeal. 

The random site exposure techriique developed in Chapter 3 has been 

used to investigate differences in accidentrates in different cities. 

This was mentioned in the previous chapter. Several improvements have 

been made to the technique. Earlier this yeart as part of a recent 

contract with the Transport and Road Research Laboratory, an investigation 

was carried out into differences in accident rates in 3 cities* Nottingham, 

Kingston-upon-Hull and Bradfordl while having approxiwately the same 

size populations, have widely differing accident r4tep for child pedestrians. 

Children in Hull have a very low accident rate, while children living in 

Bradford have a high accident rate. In order to see whether these 

difi'erences in accident rates can be explained in terms of differences 

in exposu-e a random site exposure study was carried out in each city. 

A study was also carried out in Nottinghamt which has an, interm-6diate 
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accident rate. 

These three studies were carried out simultaneously during the school 

su-iner term. Several modifications were made on the basic technique, 

which improved it! s reliability and simplified the administration. 120 

sites were sampled in each of the . three cities. This was done as previously 

by superimposing a random dat display on street maps of each city. 

Pedestrians were observed croc. sing at each site for two hours between 

3.30 a: nd 5-30P-m- on weekday afternoons. 12 observers were used each 

day in each city. They were taken to and from the site each dgy by mini- 

bus. Each site was surveyed during the morning and in some cases marked 

out with chalk. This proved to be most worthwhile, since it minimised 

errors made by observers in locating sites. Each site consisted of a 

60 yard length of road and where necessary was divided into sections 

at and away from junctions. An example of a map and scoring sheet 
10 

together with the instructions for the observers are shown in Appendix 6. 

Accident data for the relevant time periods could be used for each city, 

since no detailed breakdowns of accident data were needed. These data 

are being analysed at presentt in all 259000 pedestrians were observed. 

-The reasons why the analyses of accepted gaps and the sufety mrgins 

in the early studies (Howarth et al. 1972, Routledgeg 1975) did not 

indicate the increase in skill and efficiency in traffic with age expected 

from the initial observations, have been largely explained by the 

"Noel Street Study" (Chapter 4). Analysis of the size of first 6aps 

accepted, confirmed. that younger children cross in larger gaps than older 

pedestrians; 6-roups were also much more cautious in their choice of gap. 

There was however some evidence that the youn6er children were less 

consistent and would occaýsionally cross in very small gaps. A5 year 

and an 8 year old boy were each observed accepting a gap of only 2 secondsq 

having seen the approaching ., vehicle! 
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It was argued in these earlier studies on the basis of casual observations 

that a "skilled" iýedastrian would make most use of a gap in the traffic 

by anticipating the arrival of the vehicle defining the start of the 

gap. This led tomrzasurements of the safety gap (t. ) for different groups 

of pedestrians. The failure to describe the anticipatory behaviour of the 

more "skillful4, ' pedestrians in terms of the safety gap has been resolved 

by recording the delay (t 
d 

). If, instead of recording the safety gap, 

the time from the moment a vehicle defining the start of a 6ap passesy 

to the moment the pedestrian starts to cross is measured$ it is seen 

that the more "skillful" pedestrians do in fact anticipate the arrival 

of gaps in traffic. This is not reflected in terms of safety gaps because 

the young, less 1% 
skillfull,! g. pedestrian tends to run across the road and 

so compenspte for the reduced gap size. 

Although the derived behavioural measures'developed in Chapter 4 leave 

much to be desired, they do describe the strate6ies pedestrians used 

on the basis of fairly simple and clearly defined subjective measures. 

They do not rely on very subjective measures of "riskiness" or "heedlessness" 

as in priývious studiesg (Routledge 1975) and provide a technique for comp- 

aring children'w'behaviour, fairly simplyin different crossing situations. 

It is hoped that these measures can be used. to; assess the effOctiveness 

of remedial measures bj means of "before and after studies'll e. g. for 

instruction in the use of the Green Cross Code; and for comparing childrerýs' 

crossing behaviour at different locations. While the. temporal measures -7 

of crossing pezformance are useful in studying the ways in which pedestrians 

interact with traffic and develop crossing stategies on busy roads, they 

cannot be used to describe crossing behaviour on minor roads9 where there 

is little traffic, and children frequently pay little attention to crossing., 4- 

The problems-associated with observing children's behaviour in traffic ' 

on minor roads have not been resolved. Large numbers of observations 

of children crossing minor roads are needed in order to 6et suffibient 
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data to compare behaviour when traffic is approaching, with behaviour 

when no traffic is present. Howeverg since in over 90/L of all crossings 

made by children on minor roads there are no cars approaching, the' 0 

observed strategies children tend to develop on the-, e madsli. e. "heedlessness" 

are continually being reinforced. 

The studies reportea here have important implications for road'safety 

education and for any measures aimed at reducing the numbers of accidents 

to child pedestrians. 

There are three ways of reducing the nuLber of child pedestrian- 

accidents: 

a) Training chil&cen to cross roads safely. 

b) By reducing childreds exposure to risk. 

C) Changing driver behaviour in the presence of children. 

a) Training children to cross-ro ds safely. These studies suggest 

that road safety training for children should be aimed at reducing their 

exposure to accident risk. It appears that there is a contradiction 

between the way children are instructed to cross roads and the way in 
I 

which experienced pedestrians cross. Children are taught to stop at 

the kerb and then to start to look for traffic. Adults seldom arrive 

at the kerb without previously having assessed the traffic. Since it is 

probable that most children do not possess sufficient skill or experience 

-to theýkerb to adopt this s ý-gy, it'is safer toinstruct them to go 

and stop before doing anything else. However$ children clearly learn to 

adopt the adult strategy without instruction and indeedq contrary to the 

way in which they. are explicitly instructed to cross. On major roads 

it would seem important that this transition process be more fully 

understood since there*is, at the moments a mismatch'in the information 

they redieve from parents, schools and advertisments and the information 
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they gain from their own experiences and from tneir own observations of 

older pedestrians. 

Children behave quite differently on quiet, ta(. nor roads, there is 

more evidence of "heedless" behaviourl and since quite frequently these 

roads are being used by the children as an extention of the pavemento 

it is unrealistic to expect them to behave otherwise. C6nventional 

S training programs are unlikely to have much effect on childrens behaviour 

on these roads. 

Children most certainly learn to cross roads by experience. _ 
A 

preliminary analysis of the study of childreds road crossing"-behaviour 
A 

and their 24 hour esposure estimates, outlined in Chapter 5, derived from 

interviews with the childrent suggests that road crossing behaviour is 

correlated with exposure. Children who cross more roads appear to cross 

more "skillfully". A major problem in training children to cross roads, 

is therefore, to give them this qxperience without exposing them unduly 

to risk. 

b) Reducing children's exposure to risk. A reduction in childrens" 

exposure to risk can be achieved in several ways. The exposure stady 

shows that children are more at risk on major roads. From thq behavioural 

study young children appear to behave cautiously on these roads, but have 

difficulty in coping wýth traffic. There ist therefore, a strong 
. 1. 

arguement for remedial measures aimed at seý, regating traffic and pedestrians 

on these roads. The-,: e is little to be gained from training children to 

stop at the kerb and look for traffic if they are unable to make a correct 

decision when to cross. Children's exposure can best be reduced on these 

roads by provision of crotsing facilities. Training schemes and 

propagandag could therefore, be aimed at getting children to use crossing 

facilities or alternatively help from older pedestrians. Parents have 

an important role to play in reducing childrens' exposure. 

The research program outlined in Chapter 5 included, 4. n intervibw study 

0 
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designed to discover how much parents can and do influence children's 

exposure. The study confirmed earlier findings (Routledge et al 1974(b) ) 

that the parents knowledge of their childrens routes on journeys is 

frequently assumed. 

In answer to the question "How much would parents sacrifice in order 

to reduce exposure? " the answer has to be"Very little". Me majority 

of parents both work, frequently in full time jobs which are not g6arqd 

to allow meeting children from school. Often it is financial pressures 

which force this situation. Furthermoreq parents see their children as 

more capable of coping with traffic situations than they aret and so 

long as this state of affairs exists parents will, superficially at least, 

be satisfied with their present arrangements for the child's journeys 

to and from , tchool. While parents are aware of the general hazards of 

crossing roCads they are frequently unaware of the specific problems their 

own children may encounter on their journeys locally. 

4- 

It would appear that there is little that can be done directly, to reduce 

childrens exposure on minor roads. Risk is low per-road crossing and 

children need to be mobile. Any restrictions on their movements are 

not only impractical but undesireable. 

C) Changing driver behaviour in the presence of childrm - Perhal; s 

the most neglected factor in child pedestrian accidents is the driver. 

While studying the behaviour of children it has beco-: he apparent that the 

behaviour of drivers is also worthy of study. Drivers do not appear to 

adapt their driving style to pedestrians. Traffic is the accepted feature 

of the traffic environment to which pedestrians must adapt. On major 

roads vehicles are the primary road usersl however, on minor roadsl e. g. 

on estatesp pedestrians, and more especially children, are frequently 

the principal users of the traffic environnent; vehicles are secondary 

users and should not automatically be given priority. If it is accepted 

that children will run into the road occasionally without first -16oking 
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up and down a usually empty road for traffic we have an alternative 

remedial measure. e. g. If residential areas were given the legal status 

of pedestrian crossings, it would be the drivers responsibility to avoid 

accidents not the child's. 

The most co. -imonly reported cause of accidents to child pedestrians as 

recorded on accident report forms runs as followsg "The child ran 

heedlessly into the road from behind a parked car, and the driver was 

unable to*avoid an accident". It is suggested t. 
-at this should frequently 

read, "The child ran heedlessly into the road, and the driver failed to 

avoid an accident. " 

t 
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Reprinted from-agonomics, Mo VoWme 17, vo- 3,319-330 

An Analysis of Road Accidents Involving 
Child Pedestrians. 

33y C. I. Howarth, D. A. Roatledge and R. Repetto-WIright 

Department of Psychology, University of Nottingham, Nottingham, 

A conceDtual framework 

In order to evaluate-the relative importance of such different factors 

as ag-,,,, sex, experience and exposure to traffic, we needed a framework by 

which quantitative estimates of these factors could be related and evaluated 

in relation to their effects on accident rates. Our i=ediate priority was 

to obtain quantitative measures of exposure to traffic of the groups of 

pedestrians with which we are concerned, which would enable us to estimate 

absolute risk and which could be related to other observable features of 

I 
pedestrian behaviour, such as gap acceptance and heedlessness. 

Suitable data are available, eg from the Transport and Road Research 

Laboratory's 50 point census, so that vehicle accidents can be presented in 

'dents per the form, of accidents per vehicle, accidents per vehicle/mile and ace. 

passengger/rAle. This enables one to compare the risRiness of different traffic CP 

situations such as rotorways and major roads. The exposure of pedestrians 

has not been tackled so syste-matically. Valuable studies have been reported 

113521, Mackie and Older, 1965, Jacobs and Wilson, 1957) in which 

pedestrian risk has been measured on particular busy roads, but the major 

cn,, phasis in these studlas has been on the risk for pedestrians in general of 

crossing at particular types of location, eg near junctions and zebra crossings., 

rather than on pedestrians Who are most at risR overall. For example, no 

breal: dvorn of risk estimates within the tinder 1S years age category is available. Cp 

These studies calculate risk by dividing the number of pedestrian 

accidents at a particular location over a period of time, by the number of 

pedestrians observed at the sarme location during a short period. lie decided 

that the most useful statisti= for chlid pedestrians would be: - 
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(1) the accident rate per pedestrian day, which would enable us to 

compare the risks run by different classes of pedestrian at 

different seasons, or in different localities where accident 

statistics are only available for different periods of time; 

(2) accidents per road crossing, which would enable us to compare the 

riskiness of crossing different types of road for different classes 

of pedestrian; 

accidents per encounter with a vehicle which would enable us to 

compare the riskiness of an encounter between a pedestrian and a 

vehicle in different traffic situations for different classes of 

pedestrian. 

The. third statistic can be thought of as being derived from the second 

after an allowance has been made for the traffic density apd speed in the 

different situations. All three statistics can be derived from. the rati 

accident -figures in the following way. 

, 
Accidents ]2er pedestrian day. 

Let na be the number of accidents occurring in a given period of time 

to children of a g-; Ven age, sex, etc on a particular type of roadi 

11 be the nurmber of such pedestrians in the population. To a first 

approximation we have asnumed that all children in the age rang6 

artý potentially pedestrians; 

D be the number of days over which the accident statistic na has 

been gathered. 

Then, assuming a standard binomial distribution, the probability, Ra, of 

selecting a child at random in the population of that category who will have Cý 

an accident on the appropriate type of road on a single day can be estimated 
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from the proportion 

na 
N. D 

and the variance will be given by 

s2= Pa (1-P 
a (2) 

Pa ND 

Several assumptions are implied here. One is that R is constant over the 
a 

particular population so that every child is equally "accident prone" and 

e. ach day is equally dangerous. It is therefore a measure of the average 

d-aily 11risk" to children in a particular category. Secondly, that one child's 

accident or escape is not affected by that of any, other, nor by his own on 

Since p is very small, this assumption seems justified. any previous da 
a 

Thirdly, the probability that some children will have more than one accident 

ýn a day is also very small. 

- Accidents ]2er road crossing. 

Let r be the observed number of times a child in the appropriate-- 

category crosses the particular kind of road in a day. 

li be the average number of such crossings in a day for children 
r 4p 

in the category. If M children are observed, then Pr is estimated 

by 

r= Er - (3) 

and the samling variance Of r can be obtained in the usual way 
22 

SI 
(ýr 

_ ;2 
IT 

(4) 

Then, assuming a binomial distribution, th6-esttimate, p ar of the 

probability, R 
a, " , of an accident on a given crossing of the road by a child 

can be obtained in the following way. 

i 
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The probability that a child has an accident on a day when he would cross 

r times is 

ar 
(5) 

Then Ra is the average of this over the r distribution. Assuming r to be of a 

Poi sson distribution 

Re 
-p r ar 

This leads to the estimator 

Par =- (1/ý)In(l -Pa (7) 

for "ar 
- 

Using the power series for e we have 

v2 11 
23 

11 
3 

11 +r ar r ar 
23 

Since vrR ar will be very suiall, we may ignore terms after the second, hence 

a ý-'; Ir ar (8) 

Similarly, we know that 

Rn(l + x) =x-x2+x3-X4 
T -T "ý- ... 

If x is very small we may i, (; nore terms after the first, hence 

P- 
Par a 

Since pa and r are based on different observations, the variance Of Har will 

be estimated by 

22 
SP8P sz 3- s- ar atr2 Pa rp (10) 

22 -2 - 
[Pa. '] 

Par par Pa r 

The symbol for the population value, p, is used to avoid confusion with r, 

the number of roads crossed. 
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We have used the approximation 

s2s22 P S- Par a+r 
22 -2 Par Pa r 

(11) 

which assumes that pa and r are uncorrelated. Since p is probably positive, 

equation (11) is likely to give an overestimate of the variance of p ar* 

Accidents per encounter with a vehicle 

Not all roads are equally dangerous to cross and one of the main 

reasons for this is obviously the variations in traffic density and speed. 

It would be useful if this factor could be eliminated from the calculation 

of risk, so that the effect of other variables can be estimated. The 

simplest way to do this is to calculate the probability that, given a 

particular density and speed of traffic, the pedestrian would encounter 

a vehicle while crossing the road, ie by calculating the proportion of the 

road length taken up by moving traffic. We have called this proportion 

p and it can be calculated as follows. 

Let I be the average length of vehicles 

s the average spacing of the vehicles 

v the average velocity of the vehicles 

tC the average time taken by a child to cross the path'of a vehicle. 

Then if the ve'lhicles are stationary p C* -. 
ýill be given by 

S 

Since traff ic will be n, oving, this equation nust be nodified to allow 

for the possibility that the 'vehicle may hit a child moving across the 

road in front of it. This gives 

P+ Vt c when + vt < s, (12) 
csC. 

and p, c 
1.0 when + vtc >ý, S. 



1514. 

Mayne (1963) has provided a more complex model for the collisio, n 

probability, at various traffic densities and speeds, for a heedless 

pedestrian, in which various assumptions are made about the ability of drivers 

to avoid a collision. We are here making the assumption that neither 

pedestrian nor driver takes any avoiding action, ie both traffic and pedestrian 

are assumed to be objects moving at constant speed at right angles to one 

anot'her. This will, of course, considerably overestimate the probability 

of a collision. We justify this rather curious assumption on the grounds 

that we are attempting to provide a measure of exposure that is independent 

of the skill of different categories of pedestrian in avoiding an accident. 

No data are available from which to estimate the ability of drivers to avoid 

a collision but there are no clear grounds for. supposing that drivers are 

more likely to avoid a collision, independently of the pedestrians' behaviour, 

with one category of pedestrian rather than another. It is poss-1 le that C2. lb 

drivers are differentially cautious in the presence of soma pedestrians rather. 

than others, but if this is so, it seems likely that drivers 
-will 

be more 

cautious with regard to the very y oungest children and that the measure will 

overestimate the relative skill of these children in avoidinIg collisions. 

We can now estimate the rumber of cars a g,,, iven pedestrian will encounter 

in the course of a day by summing the values of pc for all the roads crossed 

by that pedestrian in a day. If this quantity be called nc then 

Ep 
c 

(13) 

Over a given Sample of M children the mean number of cars encountered 

in a day will be 

- En 
nc cm 

(14) 
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and its sampling variance will be given in the usual way 

n2 -2 
sa 

nm1.1 

In a manner similar to the estimation of H 
ar we can now estimate the 

average risk, n 
a/c' of an accident given an enýtounter with a car. If the 

estimate of H 
a/c 

be called ý 
a/c 

then 

Pa/c ý" 1- (1/;. 
c) 

In(l 
-pa). (16) 

,y small Again, since p will be ve; - a 

Pa/c -., -o 
Pa 

n-. 6 

Since It 
a/c 

is a proportion, it is tempting to calculate its variance in the 

usual way. However, since it is calculated from data from two different 

sourcea, it is probably safer to calculate its variance by combining the 

two as follows 

a2a Cy a a- 
a/c -'. t 

pa 
+nc2 

pa ncp 

a 22n Pa n 
a/c Pa cc 

We have approxlmated this by 

222 
s a,. a- 

n a+c Pa/c =" Pz 
22 -2 Pa/c Pa nc 

and, since the correlation between p and n is-probably positive, equation 
ac 

2 
(19) will, if, anything, give an overestimate of s Pa/c so that any conclusions 

supported by these statistics are likely to be valid. 

It has been noted that p a) Par and p a/c 
do not entirely behave like 

probabilities. Pa is given by the ratio of na It would have a maximum 

ND 
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value of 1.0 if we could assume that no child could have more than one 

accident per day. This is certainly not the case but it must be so rare that 

we are entitled to ignore it. Similarly p ar assumes that no child will have 

more than one accident per road crossing. In this case, multiple accidents CP 

will be even more rzýre. pC as defined can be greater than one. It is 

calculated, rather unjustifiably, from I+ vt C as an average figure. But 

more co-mplete descriptions of the effects of variation in car spacing (giving 

some spaces less than I+ vt c) and of avoiding action by cars would be very 

complex indeed. 

Similarly, the 6quations are obviously incorrect for two-lane roads at 

high densities of traffic, b6t will be approximately justified at low 

densities. While explicitly recognising that pc ia only an approximation, 

and that it is'not really a probability, we nevertheless feel justified in 

using it as we have, since these errors seem to be relatively small for most 

of the sample we have been using. The values of pa we have obtained for 

major roads, minor roads and all roads co-nibined vary between 0.01 and 0.6 

with a mean of . 16. On a two-lane road two cars may arrive at the same point 

at the same time but from opposite directions, so that equation (12) 

produces an overestirate, of the true value of pc where 

Pccorrected = PC - PC 
1, 

PC 
2 

where pC and pC are respectively the values of pc for the nearside and 

farside of. the road and pC is the approximate value used in-our equations. 

At pC=0.2 the value of pC is overestimated by 5'Q and at pC=0.04 
corr. 

by 116 

The calculation of p a/c assumes that no child will have mo, -e than one 

accident per encounter with a car, when the number of possible encounters 

with a car is defined by the way we calculated pc* It also assumes that the 

behaviour of children and drivers can only reduce the accident rate. Since 
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hesitationg bad judgementp'slowness and falls could all increase the rate 

above that calculated from p0, it may be less like a probability than the 

other two and it should be used cautiously. 
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TABLE 

3-way analysis of variance of r- and n- c on major and minor roads for 
the 5-10 year olds, using the protection weighting. 

Source DF 1 VE p DF 2 p 

A (Roads) 1 39-424 803.276 4 0.001 
Sex) B 1 0.233 4.753 4 N. S. ý 

C Age) 4 1-946 39.663 4 0.01 

A. B. 1 0.233 4.753 4 N. S. 
A. C. 4 1.276 26.005 4 0.01 
B. C. 4 0.043 0.686 4 N. S. 

A. B. C. 4 0-049 

n 0 

Source DF 1 VE p DF 2 p 

A Roads) 0 0-050 64-754 4 0.01 
B Sex) 1 0.001 0.855 4 N. S. 
C Age) 4 0.029 38-512 4 0.01 

A. B. 1 0.290 4 N. S. 
A. C. 4 0-004 5.376 4 N. S. 
B. C. 4 0.001 0-772 4 N. S. 

A. B. C. 4 0.001 

* less than . 001 
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161. 

Ro, *,. D CrHOSSLIGS, F. U-0SUz-: --' KIND RISK FOR THE 20 '1111ME P-E-VIOD Al, 'TEFFI SCHOOL 1KNI31, 

ON ROADS (I. ILY. 

AT JU". NCTION. -S 

Male 

Age p xlO' a 

Parked Car 

nr n- c 

P-t/g 

X10 
-/9 

p, 

xC)6 .1 
6 

Paxlo 

No Parked 

nr 

Car 

c 

pa 

xio 

pu/9 
16 , 

xio 

5 '0.36 12 0-33 0-011 1-10 31-51 0.49 33 0.90 0.022 0.55 21-36 
6 0-3-Ar 24 0.65 0.023 0. '52 14-88 0-54 38 1-03 0.025 0.52- 21-77 

5, -6 0.36 36 0.49 d-017 0.73 21-18 '0-52 71 0.97 . 0-024 0-54 21.91 
8 0-19 35 0-95 0.030 0.20 6.44 0-35 67 1.82" 0.104 0-19 3,37 
q o. 16 25 o. 68 0.029 0.24 5.60 0.27 47 1.28 0.091 0.21- 2.97 

lo o. 16 27 0.81 0.0-34 0.20 4.69. 0.. 29 83 2.50 0.112 0.12 2-58 
BA110 

_0-17 
67 0.82 0-031 0-21 5-52 . 0-30 197 1-85, 0.102 

ý0.16 
2-93 

Female 

5 0.17 5 0-14 0.005 1.21 34.57 0.31 ý4 0.67 0.016 0.46 17.02 
6 0 -17 6 0.17 0-00411 1.01 40.00 0.27 -37 1.04 0.026 0.26 10.94. 

5 0.17 11 0.16 0-005 1.06 -96 35 0.29 61 0.86 0.022 0-34 13.03 
8 0.0,3 27 0-15. 0.022 0.11 3.64 0.20 51 1.43 p. o-6 0.14 3.58 
9 0.04 21 0.59 0- 014 0-07 2.82 0.12 47 1.32 0.106 0.09 1.36. 

10 0.07 29 0.90 0.048 0.08 1-44 0.15 64 1-98 0-099 0-013 ' 1-51 
8,9 10 0.06 77 0.75 0.029 0.03 2-04 0.16 162 1.57 0.087 0.10 1.84 

NOT AT JIPL,. CTI0ii5 

Male 
PP-j: lzed Car 1.. lo Parked Car 

5 0.41 7 *0.19 0-003 2.15 119 - ý3 0-55 16 0.44 0.004 1. *26 38 
6 0.32 2 0-05 0.001 5-88 217-86 0-47 24 0.65- 0-048 0-72 9.86 

5,6 0.37 9 0.12 0.002 3-03 154.17 11 0-51' 40 0-54 0.026 0.94 19.62 
8 0.21 12 0-33 0. oca 0.64 24 75 0-35* 39 1- 06 0.054 0-33 e-47 
9 0.12 8 0.22 0-0 04 0-55 30: 64 0-19 35 0-95 0.128 0.20 1-49 

lo 0.10 11 0.33 0-008 0-30 12-58 0.19 39 1-17 0-142 0.16 1-34 
8) 9 >lo 0-15 31 0.20 

.1 
0.0 05 0-52 25.00 0.24 113 1-05 0.1ca 0.23 2.22 

5 0.25 2 0-06 0-000 z,. 17 0.26. 10 0.28 0.010 0-95 25-70 
6 0.26 7 0.20 0.004 1-32 6o. os 0.24 17 0.48 0-040 0-50 5-98 

5*6 0.25 9 0.13 0.002 1.92 125.00 0.25 27 0-38 0.025 0.06 * 10.00 

P, 0.22 13 0.37 0.010 0.60 21.51 0.21 26 0.73 o. 006 0.29 3.3,6 
9 0.08 4 0.11 0-001 0-71 71-17 0.21 48 1-35 0.163 0.16 1 14 

10 0-0-1 9 0.28 0.000 0.25 10.91 0.11 0 1.33 0-131 0. C. ij ri:, 64 , 
8,9,7,10. 0-13 2o 0.25 u0 ()-0"' 0-52 22.13 0.18 117 1-13 0.127 0.16 1.42 1 

i 
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TABLE 

4-way analysis of variance of r and n at different locations on 
minor roads only for the 5-10year ol8s, 

__usinC, - the i jtinp, 
_protect on weiF 

Source DF 1 VE F D? 2 p 

A ýJunction) 1 2.190 46.859 4 0.01 
B Parked Car) 1 5.112 109-373 4 0.001 
C (Sex) 1 0.116 2.495 4 N. S. ' 
D (Age) 4 0-784 16-776 4 0.01 

A. B. 1 0.072 1.546 4 N. S. 
A. C. 1 0-077 1.657 4 N. S. 
A. D. 4 0.093 1.991 4 N. S. 
B. C. 1 0.001 0.026 4 N. S. 
B. D. 4 0-177 3.797 4 N. S. 
C. D. 4 0.023 0.498 4 N. S. 

A. B. C. 1 0.001 0.026 4 N. S. 
A. B. D. 4 0.042 0.904 4 IT. S. 
A. C. D. 4 0.003 0.065 4 N. S. 
B. C. D. 4 0.028 0.607 4 N. S. 

A. B. C. D. 4 o. o46 

n C 
A Junction) 0.268 4 N. S. 
B Parked Car) 1 0.036 357-950 4 0.001 
C Sex) 1 0.180 4 N. S. 
D (Age) 4 0.006 62.664 4 0.001 

A. B. 1 0.002 26.360 4 0.01 
-A. C. 1 0.001 4.763 4 N. S. 
A. D. 4 4.185 4 N. S. 
B. C. 1 0.337 4 N. S. 
B. D. 4 0-004 40.256 4 0.01 
C. D. 4 1-433 4 N. S. 

A. B. C. 1 1-107 4 N. S. 
A. B. D. 4 0.001 6.862 4 0.05 
A. C. D. 4 1-540 4 N. S. 
B. C. D. 4 3.141 4 N. S. 

A. B. C. D. 4 

* less than . 001 

I 
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TAB 

Pa x 10 6 for fatal, serious and slight accidents throughout the year. 

MALE FEMALE 

Age Nottm. NATIONAL Nottm. NATIONAL 

5 35-9 19.2 19-5 10.1 
6, 31-3 21*0 16-7 10.8 
7 28-5 19.8 18.8 10.2 
8 19.8 17-3 13-5 9.6 
9 20.3 13-8 13-5 9.0 

10 13.8 11-3 9-5 7-9 
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TABLB 

3-way analysis of variance of p a/r and Pa/o on major and minor roads 
for the 5-10 year olds9using the protection weighting. 

Iýa/r 

Source DF 1 V. E F DF2 p 

A Roads) 1 30-7024 39.565 4 0-01 
B Sex ý 1 0.6055 0-780 4 N. S. 
C, Age 4 2-5699 3.312 4 N. S. 

A. B. 1 0.2928 0-377 4 N. S. 
A. C. 4 1.0221 1-317 4 N. S. 
B. C. 4 0-8533 1.100 4 N. S. 

A. B. C. 4 0-7760 

Pa/c 

Source DF1 VE p DF2 p 

A Roads) 1 122.6116 7-768 4 0-05 
B Sex ý 1 148-7306 9-423 4 0-05 
C Age 4 799-9089 50.681 4 0.01 

A. B. 1 7-7128 0-489 4 N. S. 
A-C** 4 22.6650 1-436 4 N. S. 
B. C. 4 63.5665 4-053 4 N. S. 

A. B. C. 4 15-7832 

I 
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TABLE 

Comparison of the measures of exposure and risk with 

llfollowin,,,. ý" study, all roads crossed. 

Random Site Study. 

Mal e p X1 a r n c p ar 
6 

P 
aý 

Lco 

5,6 2-43 2.26 0-087 1.08 ý 27-93 

8,9,10 1.62 4.30 0.364 0.38 4.45 

Female 

5,6 1.38 1.66 0-073 0.83 18-90 

8,9,10 1.02 4.02 0.343 0.25 2.97 

"Following" Study. 

Male 

5,6 1-87 3.13 0.049 0.60 38.16 

809,10 1.49 3.22 0-095 0.46 15.68 

Female 

5,6 0.90 1.65 0.033 0-55 27.27 

8,9,10 0.88 3.54 0-151 0.25 5-83 
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TABLE 

Comu, ýrison of the measures of exposure and risk with 

"following" study, on all roads crossed, at different locations. 

Random Site Study. ' 

At Junctions Not at Junctions 

Yale pX a 
6- 

10 r - n c pX 
a/ý 

66 
10 10 Pa/Cx 

6 
p X10 

a 
- r - n c 

6 
p X10 / 

6 
X10 P / a r a c 

5,6 1.22 1.59 0-058 0.77 21.03 1.21 0.67 0.028 1.81 43.21 
1,9,10 0.91 2.84 0.209 0.32 4-35 0.71 1.46 0.155 0.49 4.58 
Female 

5,6 0.67 1.16 0.045 0.58 14-89 0.71 0.51 0.027 1.39 ' 26-30 
8,9,10 0-53 2.56 0-185 0.21 2.86 0.46 1.46 0.159 0-32 2.89 

"Following" Study 

5,6, 0.93 2.65 0.040 0.35 23.25 0-94 0.65 0-008 1-45 '117-50 
809jo 0.81 2.26 0.075 0-36 10.80 0.6a 0.96 0.020 0-71 34-00 

Female 

5,6, 0-46 1.21 0.025 0.38 18-40 0.43 0.40 0.007 1.08 61-43 
18,9,10 0.46 2.91 0-130 0.16 3.69 0-40 0.63 0.1025 0.63 16.00 

Random Site Study. 

Parked Car No Parked Car 

1,11ale 6 
p X10 a 

b 6- 
p X10 p /Xio a/r, ac 

6 
p X10 a 

i - n c 
-- 

P / xloý P x1 (I a r a, /C 

5,6 0.96 0-75 0-037 1.28 25-95 1-52 1-51 0-050 1-01 30-40 
39,10 0.49 1.29 0.116 0.38 4.22 1.113 3; 00 0.247 0.38 4.57 

Female 

5,6 0-53 0.42 0.026 1.26 20-38 0-85 1.24 0-047 0.69 18.09 
8,9,10 0.31 1.10 0.068 0.28 4.56 0.71 2.92 0.275 0.24 2.58 

"Following" Studv. 

Male 

5,6 o. 63 o. 65 0-010 0-97 63-00 1.24 2-48 0-039 0-50 31-79 
8,9110 0.43 0-59 0-009 0.73 47-78 l-o6 2.63 0.086 0.40 12-33 

Female 

5,6 0-33 0-17 0.002 1-94 165-00 0.57 1-48 0.031 0-39 18-39 
8,9,10 0.28 0.54 0.014 0.52 20.00 0.60 3.00 0-137 0.20 4-38 
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TABLE 10, 

168. 
ROAD CROSSINGS, * EXPOSURE' JIMD RISX POP, THEnTOLE SAMPLE'(BOTH PERTODS COMBINED) 

Oil MINOR ROADS ONLY. 

AT JINICTIONS 

Male 

Parked Car No Parked Car 

Pa Pa/r Pa/c Pa Pa/r Pa/--'. "' 

Age 
6 

X10 n 
6 

X10 
6 

X10 
6 

X10 n 
6 

X10 x 
/6 10 c c 

0-4 0.112 5 0.027 
1 

0.001 4.23 132.08 0-178 12 0.064 0.002 
- 

2-78 '359-5 
5-7 0-499 86 0.703 0.022 0.64 22-77 0.791 155 1-410 0-049 0.56 16.02 
8-10 0.214 88 0.827 0.031 0.26 7.00 0-435 202 1-900 0.104 0.23 4-17 

11-14 0-052 47 0-353 0.017 0-15 3-07 0.120 217 1.630 0.106 0-07 1-13 
15-19 0-007 24 0-142 0.016 0-05 0-44 0-039 103 0.608 0.051 0.06 0-77 
20-59 0.003 135 0-135 0.011 0.02 0.28 0.016 287 0.287 0-031 0-05 0-52 
60+ 0- 005 

t 
23 

1 
0.076 

1 
O.. 

ý 
006 

_ 1 
0.07 

1--0.86 1 0-03_51 62 10.205 1 0.016 , 0-17 1 2.14 

Female 

0-4 1 0.068 7 0.039 0-001 1-74 69. oo 0-118 13 0-073 0.002 1.62 53-94 
5-7 0.251 46 0-432 0-013 0-56 20.00 0-482 126 1-184 0-047 0-41 11.30 
8-101 0.092 60 0-776 0.029 0.12 3.11 0.214 165 1.601 0.088 0.13 2-43 

11-14 0.064 39 0.304 0.020 0.21 3.16 0-171 186 1.451 0.107 0.12 1-59 
15-19 0.014 37 0.229 0.014 0.06 1.06 0-034 102 0.632 0-046 0-05 0.74 
20-59 0.004 261 0.261 0.014 0.02 0-30 0.020 598 0-598 0.048 0-03 0.40 

60+ 0.011 49 0.108 0.006 
I 

0.10 
I 

1-39 
II 

0-055 95 I1 0.209 1 0.019 0.27 1 2.94 

NOT AT JUNCTIONS 

Male 

Parked Car ]No Parked Car 

0-4 0.205 2 0.011 18.64 0.288 9 0.048 6-04 
5-7 0-567 26 0.237 0.018 2.40 31-53 0-859 79 0-719 0.027 1-19 31-44 
8-10 0.205 31 0.291 0.007 0.70 30-59 0.617 117 1-100 0-110 0.56 5.61 

11-14 0.052 46 0-36o 0-015 0-14 3-52 0-130 48 0-360 0.032 0.36 4-06 
15-19 0-005, 15 0-089 0.009 0.10 1-04 0-039i 29 0-118 0-005 0-33 7-89 
20-59 0.005 125 0.125 0-017 0-04 0.28 0 018 59 0-059 0-005 0-31 3.81 

60+ 0.006 19 0.063 0-007 0.10 0.81 
1 

0: 018 12 0.040 0-0031 0-45 5.98 

Female 

0-4 0 110 0 0 0 co 00 0-1581 8 0.045 3.31 661.61 
5-7 CO-380 29 0.273 0-006 1.39 66.26 0-432 1 60 0.564 0.035 0-77 12.36 
8-10 0.170 26 0.252 0.006 o. 67 29-31 0.2351 120 1.164 

1 

0.128 0.20 1-83 
11-14 0.081 23 0-179 0-007 0-45 11-91 0.226 0-151 29 0-015 0.67 9-83 
15-19 0-00) 14 0.087 0-003 0.06 

' 
1.63 0.026 21 10-130 O-OC5 0.20 4.9' 0 20-59 O-CO4 104 0-104 0-008 0.04 0.51 0-014 139 10-139 0.016 0.10 0.8 7 

60+ iI 0.003 I 11 1 0.024 1 0.002 ý 0 12 ýý 
_1-77 

0.011 23 10-051 1 1 U-003 1 0.21 3-14 

less than . 001 
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TABLE 13' 

Sample correlation coefficients (r) for the behavioural measures 
with p a, /C for major and minor roads, based on the whole sample. 

Hajor Roads Minor Roads All Roads 

r df r df r df 

Prp . 51 10 -75 10 -76 10 

pip -. 07 10 -72 10 . 76 10 

Php *57 10 . 85 10 -85 10 

(the 0-4 age group have been excluded due to the small number of 
observations). 

0 
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TABLE 14 

ý'j of roads crossed by Infants when protected. 

Maj or Minor Total 

3-30 4-00 5-30 4-00 3-30 4- 00 
% nn 1/0 nn n n 

Mal e 1 56-5 23 37-5 8 256 21.2 104 39.1 40.5 279 22-3 112 

Female 63.0 27 75-0 8 52.0 225 35.3 68 53.2 252 39.5 76 

Combined 59.8 50 56.3 16 45.1 481 26.7 172 46.5 531 29'. 3 188 

TABLE 15 

ýb of cars encountered by Infants when ;, rotected. 

Major Minor Total. 

3.30 4-00 3-30 4-00 3-30 4-00 
% nn %nn %, n % n 

I'a 1e 69.1 3.98 39.3 2.98 59.0 12-54 33.7 4-58 61.7 16-52 35.1 7.56 
Female 74.5 5.27 77.7 2.86 63.2 10-58 48.2 2.04 67.3 15-85 65.5 4.90 

Combined 71-8 9.25 58.5 5.64 61.1 23.12 41.0 6.62 64.5 32-37 50.3 12-46 

TABLE 16, 

Risk to Infants based on National Accident Statistics. 

3.30 4.00 
pa/r Pa/c pa/r Pa/c 

Male 1.08 27-07 1.43 25-57 
Female 0.83 17-36 1.56 42.08 

I 

TABLE 17 " 

Probability of running, inadequate lookings and heedlessness. 

3.30 4.00 
Prp Pip Php Prp pip Php 

Male 0.42 0.43 0.15 0.47 0.36 0.15 
Female 0.35 0.25 0-05 0.30 0-30 0-08 



173. 
SITE .......................... 

AT JUNCTION 

NOT AT JUNCTION 

NME ................................... 

DATE ................................... 
TIIMS 

.a0&.. 900.00*0&0.040*&*00*0 41 .00 IP *00 

WEATHM 009.0 0... b69 

P G AGE NOTES 

mP RW LN S? H P0 

MF RW LN S? H P0 

MF Rw LN S? H -q- P0 

MF RW LN s? H P0 

HF RW LN S? H 4, P0 

mr RW LN S? H . 11 P0 

mP RW LN S? H slo p0 

mP RW LN S? H P0 

mP Rw LN S? H P0 

mF Rw LN S? H P0 

mF RW LN S? H P0 

mF RW LN S? H P0 

mF Rw LN S? H p0 

Ill F RW LN S? H po 

mF Rw LN S? H P0 

III p RW LN S? H P0 

mF RW LN S? H P0 

mP Rw LN S? H P0 

mP RW LN S? H %1, po 

mF Rw LN S? H 4, P0 

MF Rw LN S? H 40 P0 

MF Rw LN S? H %j, P0 

MF RW LN S? H 'j, P0 

mP RW LN S? li -1, sto P0 

mP RW LF S? H %J, P0 

mP RW LN S? H qo P0 

mF RW LN S? H P0 

mP RW LN S? H P0 

mF Rw LN S? H p0 

mp Rw LN S? H P0 

mP RW LN S? H P0 

mP RW LN S? H P0 

mp RW LN S? H P0 

mP RW LN S? H P0 

mp RW LN S? H P0 

mP RW LN S? H P0 



NOTES FOR OBSaVERS. 174- 

Name o ............... 

No. of steps you take in 10 yds ............. 

Check List. 

Stop-watch 

Recording Sheets 

Pen 

Map 

Clipboard 

2. Time Scale. 

3.30 - 3.50 observation of pedestrianp 

3-50 - 4.00 traffic count 

4-00 - 4.20 observation of pedestrians (new sheet) 

4.20 - 4-30 traffic count 

3- Coding. 

Priorities 

1) Age/Sex and grouping 

2) Direction/parked car. 

3) Responsibility. 

4) Heedlessness. 

5) Run/walk - Look/not look. 

Age - children before 4.00 probably infants i. e. 57 

Indicate groups by brackets. 

Code pedestrians as groups if they are walking together or talking 

to each other e. g. families, friends. Do not count groups who form at 

the kerb because they happen to have arrived at the same time and are waiting 

for vehicles to pass. 

Direction 

41 crossing away from you, mark where you are standing on the map. 
4' 

crossing towards you. 
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Parked car 

Only code for a parked car if there is a parked car within 20 yds. 

of the pedestrian on their right hand sidej on the side of the road from 

which they are crossing (on their nearside right) i. e. they would possibly 

be masked by the parked car. In narrow streetspedestrians may be masked 

by a parked car on their nearside left. 

Code -0 if no parked car within 20 yds. 

Responsibility. 

Only code groups for responsibility, not pedestrians alone. Place 

a tick outside bracket against pedestrians who are responsible for getting 

themselves across the road. 

Run/Walk. 

Refers to mode of crossing road, include 

run if the pedestrian runs during any part of 

Look/Not look. 

Code: look - if Pedestrian looks ad, 

not look - Does not look at all. 

.? - Not sure. 

Leave blank if missed. 

skip, etc. with run. Code 

the crossing. 

equately in the circumstances. 

Pays no attention to the 
traffic (if there is any) 

Heedlessness 

Code: H- if pedestrian would probably have been hit by a car 

bad one been passing at the time. 

S- if pedestrian took adequate precautions to cross the 

road safely. 

9 - if pedestrian took some precautions. 

Leave blank if missed. 

Traffic Count 

Count the number of vehicles passing through the area marked on your 

map on each side of the road during the two 10 min. periods (mark times on 

each map). Include all powered vehicles i. e. no cycles. 
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APPENDIX 
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Description of Portable Event Recorder (PER) 

Essentially the device consists of two system components: 

(i) A small portable unit consisting of an array of switches; 

6 oscillators with frequencies of approximately 1,20,4, 

5 and 6 kc; batteries and voltaffe regulator and a small 

inexpensive pqrtable tape recorder. 

(ii) A static unit consisting of 6 filters; 6 detectors; 6 

driver 6 relays; 6 pulse formers; a regulated power supply; 
.9 

and an automatic Gain-controlled amplifier. 

Events can be recorded in the field with the portable unit, by a 

single observer. When the buttons are pressed tones from the oscilla. tors 

are recorded on magnetic tape. There are six different tonesp therefore 

six channels. When the tapes are replayed into the static laboratory 

unit, the filters route the tone to the correct detectory driver and 

relay. The output from the relays, which can be fed into the computer, 

are a reproduction of-the. button-pressing in the field. The computer 

measures the time intervals between combinations of the following 

events: 

the arrival of the pedestrian at the kerb; 

stepping off the kerb; 

crossing the path of cars on the nearside and offside of 

the road; 

arrival of successive vehicles at the pedestrian's path 

in the near and offside lanes of the road. 
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TABLE 

50/,, ', Quantiles and Upper and Lower Confidence Limits for 
the Pitted Normal Integrals of the Probability of 

Crossing in First Gapsp for Different Age and Sex Groups. 

Unaccompanied Pedestrians, Sex Combined. 

Lower 95ý6' Upper 95% 
Age n 50 Quantile Confidence Limit Confidence Limit 

0-7 71 5.869 4-729 7-137 

B-10 153 5. E321 4-871 6.695 

0-10 224 5.884 5.169 6-57ý 

11-14 148 4.652 3.758 5.452 
15-59 297 5.331 4.483 5.898 

60+ 30 5.971 4.199 7.916 

UnaccomDanied Pedestrians. 

Lower 95% Upper 95% 
Age/Sex n 50ý- Quantile Confidence Limit Confidence Limit 
YALE 

0-14 209 5-035 4-308 5-711 

15+ 163 4-481 3-852 5.280 

FEMALE 

0-14 134 5-862 5.065 6.684 

15+ 193 6.011 5-402 6.696 

Pedestrians in GrouDs. Sex Combined. 

Lower 95%- Upper 95% 
Group n 5017o Quantile Confidence Limit Confidence Limit 
0-10 in 
Peer group 106 6.726 5.888 7.750 
0-10 with 
adults 98 7-792 6.803 8.620 

I 
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TABLE 

Means and S. D. 's of delay/anticipation for unaccompanied 
pedestrians crossing through gaps in traffic by age and sex group. 

MALE 

Age No. Crossing I-lean S. E. 

0-7 18 +3-74 0-59 
8-10 33 +1-71 0-48 
11-14 35 +0.63 0-38 
15-59 51 +0-36 0.11 
60+ 6 +1.10 1.61 

FEMALE 

0-7 21 +3-70 0.61 
8-10 41 +2.66 0.39 
11-14 19 +1-75 0-44 
15-59 93 +0.89 0.22 
60+ 9 +2.22 o. 96 

TABLE 

Means and S. D. 's of delay/anticipation for children in peer 
groups and with adults crossing through gaps in traffic. 

No. crossing Mean S. E. 
0-10 unaccompanied 113 2-75 0.26 
0-10 in groups 73 1-48 0-36 
0-10 with adults 57 1.28 0-38 
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T it BLL7 

Unace6mpanied Pedestrians Only 
Mean tirrie s,, -. en-U on kerb. 

Age rl"k F T 

0-7 17.7 17-3 17-5 

8- 10 8.7 11.0 10.0 

11 - 14 6-7 8-7 7.4 

15 19 5.2 7-0 6.1 

20 7 59 4.3 8.7 6-5 

60+ 8.9 8-7 8.8 

TAB LE8, 

Unaccompanied Pedestrians Only 
Mean time spent in the road 

Age m T 

0-7 3.2 2.9 3-0 

a- 10 3-3 3.0 3.1 

11 - 14 3.7 3-3 3.6 

15 - 59 3.9 4-1 4.0 

60+ 4.6 5-8 5-3 
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TABLE 12 

Derived Behavioural Measures for Unaccompanied Pedestrians 

a Age And Sex Groups. 

MAIE 

Safe/ - Expeditious/ 
Unsafe Inexpeditious 

Age Do. Crossings Mean S. D. Mean S. D. 

0-7 36 1-44 1.64 -P. 11 0-87 

8-10 33 . 1-45 1-50 0-52 0-78 

11-14 107 1-40 1.27 0.82 0-93 

15-19 76 1-37 1.06 0-95 0.90 

20-59 45 1-93 1.02 0.22 0-94 

6o+ 14 2-57 0.98 0-79 0.94 

FMALE 

0-7 35 1.86 1-15 -0-34 0.89 

8-10 87 1-PY 1.21 0-34 
. 
0-94 

3.1-14 42 2*07 1.16 0-45 1.03 

3.5-19 65 1-85 1.10 0.68 0.91 

20-59 116 2.11 0-93, 0-71 0-84 

60+ 17 2.65 0.68 0.24 0-73 
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TABLE 13 

Derived Behavioural Measures for 

Pedestrians Crossingin Groups, UnErotected. 

Safe/ 
Unsafe 

Exneditious/ 
i-n-; xpeditious 

ARe Groups No. Crossings Kean S. D. Mean S. D. 
_ 

0-7 59 1-93 1.01. -0-39 0-74 

0-7 and 
8-10 34 1-15 -94 -0.24 0-55 

8-10 133 1-50 1-07 0.19 0.88 

0-7 
with adult 226 1-56 1.06 0.03 0.84 

8-10 
with adult 96 2.10 1.08 0.24 1.00 

0-10 
unaccompanied 199 1.63 1-04 o. 16 0-76 

S 

Si 
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LITLE, 
1. 

2. 

'3. 

4. 

R0 -N D S, . 199. 

Name of road 

Crossing aids 

Location 

ýStationary vehicles 

none/pod. crossinE/traffic lioghts/warden 

pp elican/ped. operated light. 

at/not junction/D. K. 

masked/nit masked/D. K. 

CROSSING 

5, 

6. 

Planceuvre crossing/carriageway 

. 
Alone YeslNo 
(if Yes, complete the following): - 

Accompaniment Sex 

Ize 

Protecticn 

Irraffic 

Gap (only if traffic) 

Child 

traffic approaching/road clear 

BEUVIOUR (only if alone or unprotected) 

a) APTROkOF 

9. 

10. 

Movement run/w. alk 

Lool-dng lonk for traffic/not look/D. K. 

b) KIM 

11.1 Action 

'12. 

13. 

Looking 

False start(s) 

cross in front of cars/behind cars/ 
between cars 

stop/slow down/continue 

look for traffic/not look/D. K. 

No(s) 

c') ROAD 

14. Movement run/walk 

15- 

1 

Looking look for traffic/not look/D. K. 

GEITIML 

16. 

17. 

Reason for crossing 

Cornents. 



Observ-or ........................... 6. Azle 567 -8 9 101 200. 
_ 

2. School .............................. 7. Sex F 

3. Time 3.30 4.00 Day Tu. Wed. Thur. Rci. 

. 
4. Vrame of. child Date 

Address ................ ....... 

10. Time child lewxes school ......... 

11. Time child arrives ho-ne ................. ....... Fot home 

12. Journey time home., direct . p. q. o. o ............ Vot hone 

indirect 
.... Not home 

(If Indirect) 

Places visited ............................... ............ 

-(If Child goes out after arriving home) 

14. Places visited ................................. ......... 

ý15 - Parpose of j*oux-. iey .................................. 

Time 'Oul . ......... ........... ........ 

Comrrerits ........ .............. .......... ............. 

*go- 

i. b.... ....... 9'. .. 4.. V.., 0.0w. 0.0&.. 0.. -*-0... 004. ... 0......... o. V-0. w;, a. .ý. w. 
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2U2. 

0, (A to 

CBSE RVER 

-------------- 

DATIE 

TI NE 

------------ 

WEATHER 

- --------------- 

CITY 

-------------- 
I 

C F-! 4C, s3iNG 
ICEM'FITY 
NuNs=. R 

PE UEES T F' IIAN 

I- (L 

SEX AGE: (L U 

cnassiNG, 

SS CTOR DIRECT MASK 

c O; J.. 4 EmTs 

tl F ADC AV m0 "t rl 

ADC v ti 0 y 11-1 

rl F A9C v a yM 

F A0C- Av 0 yN 

MF ABC- Av 0 y tl 

ri F ABC- Av a ym 

mF AGC Av Ha y P) 

mF A 13 c- AV 

mF A 13 C- Av a yN 

A0c A m 13 

l 

yN 

NF 
I I 

A *9 c AV ti 

f" 

'I m 

fl F ASC A v m ti a y I'll 

NF A !)c- A-V 
--- 

li a vH 

11 F Aac- AV ?ia yN 

NF A El c AV ri 1) y ti 

MF AB AV rl a yN 

?I A3c- AV 14 a y f) 

HF A El AV H 0- 1-Y 
-H 

I 



2uj. 

Pedpstri,: n Stuýyýoteýs 

THE UNIVURSITY OF NOTTINGHAPi 
DEPARVNMNT OF PSYCHOLOGY 

CHILD ACCIDENT ]RESEAR", H UNIT 

R. Repetto-Wrigrht, D. A. Routledge 

A. Ligntburrx, P. Musson 
Room 327 
Tel W: 3482 

BackgEound 

14,000 pedestrians are killed or seriously injured in this country every 

year - 6,000 of these are children. We are a small research unit in the 

Psychology Departmentp working on a contract for the Transport and Road 

Research Laboratory, investigating the problem of child pedestrian accidents. 
As a part of this work we need to know the risk different groups of pedestrians 

run in crossing the road at various types of locations. e g. is it more 

risky to cross at a junction or to cross from between parked cars? 
We therefore need information on the numbers of pedestrians crossing and 

vehicle flows at various sites. We are 
, 
doing this by taking observations 

at particular times of the day at different sites. We hope to have 12 

observers each dcay. 

2. What you will be doing 

Timetable 

2.30 - 3.20 All observers will meet outside the Portland building Vhere, 
Angela will be waiting with a mini bus. She will-leave at 2.30 prompt 
(we can't wait for anyone) and drop everyone off at their allocated sites. 
Each person will be given recording sheets together with a map of their site. 
We would like everybody to have a watch of some sort, these will be 

syncronised each day before the observation periods. 

3.20 - 5-30 Observation and recording of pedestrian and vehicle movements. 

The two observation periods are arrangged as follows: 

3.30 3-50 (Pedestrian observations) 
3-50 4-00 (Traffic observations) 
4-00 4.20- (Pedestrian observations) 
4.20 4.30 (Traffic observations) 
4-30 4-50 (Pedestrian observations) 
4.50 - 5.00 (Traffic observations) 
5-00 - 5.20 (Pedestrian observations) 
5.20 - 5-30 (Traffic observation3) 
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5-30 - 6.00 All the observers will be collected and : ceturned to the campus 
(or dropped off on the way if preferred). You will be home by 6.30 at the 
latest, probably a bit earlier on some days. 

Observations 
Sites and maps. 
If you look at the recording sheets (last I pages) you will see that the 
1st page has a map of a typical observation site - we have marked on a few 

features to enable you to locate the site precisely. A cross has been 

marked on the map where we would like you to stand in order to get th& best 

view (you may find you have to stand in a different place at certain locations, 

e. g. if a lorry is obstructing your view). 

The observation area is the area of the roadway defined by the green h-nes 

on the map. If you 
Alo 

green lines ma: rked (as in the example) 

see section below marked "Sector". The total length of roadway under 

observation is 60 yards. On arrival at the site you will pace out 30 yards 
from the dot maxked on the map (do not confuse this with the cross - that 

is where you stand). We will get you to pace out 30 yards beforehand so that 

you know how many steps to take. Choose some suitable objects that will 

mark the edges of your areat and that you can see clearly, e. g. a lampostt 

a garden gate, remember if you choose a paxked car it may drive off! 
Draw on the map any parked cars or special features you think might be 

important e. g. roadworks. If a parked car moves off or another ax-miVes, 

during the observation period we should like you to make a note of this, 

either in the comment column or on the map itself. Obviouslyl. if there is 

a great deal of movement of parked vehicles you-will not be able to do this 

very accurately so just indicate the sections of road whece there is a lot 

of movement of parking vehicles. 

Pedestrian Observations 

Every pedestrian-crossing or going into the road within the 60 yard area, 

is to be ccunted. The following observations are recorded for every pedestrian. 

Crossing Identity Number - Leave this blank - we will be numbering this later. 
Pedestrian. 

Sex - Place a circle round M or P as appropriate. 

Age Estimate the age of the pedestrian as best 
, 
you can, to the 

neatest year. As a guide - infant school children (5-7yrs. old) 
leave school at 3.30 and juniors (7-llYrs- old) leave at 4-00 

Children wearing uniforms are usually ll+. 
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Protection. For pedestrians in groups only. A pedestrian in 

a group is defined as being protected if not actively participating 
in crossing. e. g. a young child holding its mothers hand or an 0 
elderly person being helped actoss the road if a member or members 

of a group axe protected place aV in this column. 

Group. This coltu., n is used to label pedestrians crossing in a 

group. A group is necessarily rather loosley defined in terms 

of social contact between the individuals. if two or more ind 

individuals happen to arrive at the kerb at the same time we 
do not count this as a group. Draw a line to indicate the members 

of each group in the example (on the lst page of the recording 

sheet the lst group has 2 members followed by 3 individuals 

crossing then a group of 

Crossi 

Sector. You may find your map is marked with more than 1 green line 
(see example). This situation will arise at jun-tions only. 
We want to know where pedestrians are crossing . in relati-ýon 
to junctions. If you are at one of these sitesp in addition to 

pacing out the 60 yd. -observation areap mark out the area within 
20 yds. of the junction as well. These are labelled on the maps 

as A, B etc. Ring one of the letters as appropriate depending 

on the sector in which the pedestrian enters the roadway. If 

you are not at a junction site do not fill this column in. 

]Direction of crossing 

A Indicates a pedestrian crossing away from your side of the C> 
road. Look at the example - if you are standing at a junction 

imagine the kerb continuing round the corner so a pedestrian 

crossing, from 1 to 2 would be crossing away from you when you 

are standing at X. 

V Indicates a pedestrian crossing towards you. 

This symbol covers such actions as wzakinj along the road, 

playing in the road or gutter, lying in the road rather than 

crossing from one side to the other. etc. If possible give 

details in the comment column. 

Mask Masking by parked vehicles. 

M- If you consider that a pedestrian would be hidden or partially 

hidden from the view of any vehicle driving alongr as-he steps 
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into the roadway, circle letter Di (masked). This is most likbly 
to occur when a pedestrian steps out behind a vehicle parked on the 
nearside of the road. In the example a pedestrian crossing 
from 1 to 2 would probably be masked by the -parked v6h3, cle& 

0- If the pedestrian is unmasked by any parked vehicle circle 0. 

Traff ic 

Y- If traffic is approaching i. e. in view, as the pedestrian 
crosses the road circle Y. 

If no traffic is approaching circle N. 

Comments 

Please record any details or comments you think might be relevant 
either to a specific crossing or to the site as aw' hole. 
There are four separate pedestrian observation periods, so use a fresh 
mip sheet to start each time (the observation times are marked on each 
sheet). 
The four 20 mins. pedestrian observation periods axe 

3.30 - 3.50,4.00 - 4.20,4.30 - 4-50,5.00 - 5.20 

Traffic Counts 

Traffic density counts are made on separate maps for each observation 
period. i. e. you will have separate maps for the periods 3-50 - 4-00 
4.20 - 4-30# 4-50 - 5-OOP 5*20 - 5-30- 

During the 10 mins. traffic observation. periods count the number 
of vehicles (excluding push bikes) travelling in the direction marked 
by the arrows. See example. 

If the traffic flow differs considerably from the Irevious pedestrian 
observation period e. g. people start going home from a factory, make a 
note of this. 
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