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Abstract
Study objectives - To identify the determinants of childhood pedestrian injuries, taking the child's exposure to the
road environment into account.
Design - This was a case-control study.
Setting and participants - The study was
conducted in Perth, Western Australia between 1991 and 1993. Altogether 100 injured and 400 uninjured child pedestrians
aged 1 to 14 years were studied. Aspects
of the child's social and physical environments, measures of his or her behaviour, cognitive skills, and "habitual"
exposure to the road environment, as well
as his or her knowledge of road safety,
were recorded.
Main results - The likelihood of injury
increased by 12% with each 10 000 vehicles
per day increase in the volume of traffic
(odds ratio (OR) 1P12, 95% confidence interval (CI) = 1-05, 1.19) on roads most frequently crossed. In addition, the presence
of visual obstacles on the verge of the
child's street of residence increased the
likelihood of injury by more than 2*6 times
(OR 2-68, 95% CI = 1-42, 5 02). In contrast,
the absence of footpaths was associated
with a 52% reduction in the likelihood of
injury compared with the presence offootpaths on the child's street of residence (OR
0-48, 95% CI=0-27, 0.87).
Conclusion - The amount of exposure to
the road environment and the nature of
the road environment to which the child
pedestrian was exposed partly influenced
the likelihood of injury in children from
low socioeconomic areas, male children,
and children aged 13 to 14 years. Until
now, the excess incidence of childhood
pedestrian injuries in these subgroups of
the population had not been explained because the child's exposure per se had not
been examined.

(Ji Epidemiol Community Health 1996;50:280-287)

Human, motor vehicle, and environmental risk
factors have become a major public health
concern for Australian children. For example,
road systems and motor vehicles have been
designed for greater efficiency with little consideration for the safety of pedestrians. Consequently, motor vehicle related injuries to
children are a significant health problem in

western society.'

Each year in Australia approximately 110
children die and a further 1800 are admitted
to hospital as a result of collisions between
pedestrians and motor vehicles.2 In Western
Australia alone (total population 1P7 million),
childhood pedestrian injuries account for 1300
bed-days per year, with most injuries admitted
being fractures (40%) and intracranial and
other internal injuries (30%).3 Andreassen45
estimated the direct costs of a pedestrian injury
in urban or rural environments in Australia
to be A$89 000 and A$104 000, respectively.
These are estimates for pedestrian morbidity
alone. If one then considers the potential years
of life lost for fatal pedestrian injuries, the cost
is even greater.
The child pedestrian fatality rate for Western
Australian children aged 1 to 14 years of 3-2/
100 000 per year' is higher than that for children aged 1 to 14 years in Australia as a whole
(3 1/100 000 per year), and is also higher than
the rates for the United Kingdom7 (2A4/100 000
per year) and the United States of America
(2 4/100 000 per year)8 for children of the same
age range. The lack of any significant reduction
in the mortality rates from pedestrian injury in
Western Australia over the past decade6 suggests that child pedestrian injury will continue
to represent a major child health problem if
efforts are not directed at prevention. However,
at present there are few well established prevention strategies.
Children aged 5 to 9 years and males are
over represented in pedestrian injuries. There
is some disagreement in the published reports
about explanations for these characteristics.
Some researchers suggest that boys aged 5 to
9 years have an increased exposure to the road
environment9"0 while others" 2 attribute the
over representation to the child's behaviour
when crossing the road. However, few studies
have formally examined whether the over representation of boys aged 5 to 9 years is actually
a result of the amount of exposure to the road
environment. The analytical studies published
to date""'6 have either not measured the child's
exposure to the road environment or, alternatively, they have a number of methodological constraints. For example, Pless,
Verreault and Tenina'3 and Backett and Johnson '4 matched control subjects to injured pedestrians by sex. Consequently then, sex cannot
be assessed in terms of its relationship to injury
in either of these studies.
The usual descriptive statistics for child pedestrian injuries are crude measures that rest
on an untested assumption that children of
different ages, sexes, and areas of residence,
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pedestrian injury.
A scarcity of controlled studies examining
the relationship between developmental abilities and child pedestrian injury is evident in
the published reports. If one considers that
the learning processes of children are likely to
remain the same, while the number of motor
vehicles in the community increases, it is likely
that the pedestrian task will become further
complicated in the future. Consequently, in
order to initiate appropriate prevention programmes, it is necessary to determine whether,
in fact, the distribution of pedestrian injuries
is related to the cognitive abilities and developmental stage of children.
Associations between childhood pedestrian
injuries and each of the volume and speed of
traffic, and the absence of play areas have also
been reported.2425 However, the research to
date has not applied sufficiently reliable and
valid methods of measurement or included
sufficient numbers of subjects to determine the
contribution made by relevant traffic factors to
the risk of pedestrian injury. Furthermore, few
studies have compared the prevalence of specific physical environmental features such as
the presence of traffic control devices in the
neighbourhoods of injured children, with the
prevalence of such features in the neighbourhoods of uninjured children. More research is required to increase our understanding of the influence of these factors and
to identify aspects of the traffic environment
that can be modified to reduce pedestrian injuries among children.
The present case-control study was conducted in the metropolitan area of Perth (total
population 1 2 million), Western Australia between December 1991 and December 1993,
and was carefully designed to address the
methodological flaws found in previous studies.

Methods
Case subjects were children aged 1 to 14 years
who had sustained an injury in a collision with
a motor vehicle while walking, running, or, in
the case of infants, crawling on a roadway, road
verge, or footpath in the Perth metropolitan
area. Cases were identified prospectively from
December 1991 to December 1993 through a
number of monitoring systems established at
the only paediatric hospital in Perth (Princess
Margaret Hospital for Children), the Health
Department of Western Australia, and the
Western Australian Police Department. When
a case subject was identified, the parent or
guardian and the injured child were invited by
letter to participate. Children injured while
riding bicycles or skateboards or injured by a
non-motorised vehicle such as a bicycle were
excluded from the study.
Of the 214 children injured as pedestrians,
15% (n = 32) could not be contacted. Of the
remaining 182 children that could be contacted, 30% (n=65) proved to be ineligible.
One hundred of the remaining 117 were recruited, a corrected response rate of 85%.
Four hundred non-injured controls were selected from either a list of all public and private
primary and secondary schools in the Perth
metropolitan area or the Midwives Notification
System. Schools were selected with a sampling
probability that was proportional to the number
of children on the school roll, and which reflected the ratio of public to private schools of
2-4: 1. Controls were frequency matched to
cases, with age (three strata) and sex as frequency matching variables. Preschool age (1
to 4 years) control subjects were randomly
selected from the Midwives Notification System (one of only two population based registers
of preschool age) and frequency matched to
cases of preschool age. Selected controls of
preschool age were traced via immunisation
records, telephone directories, and electoral
enrolments. Letters were then sent inviting
the parents or guardians and their child to
participate in the study. Of the 499 households
(77%) with which contact was made, 16 proved
ineligible to participate. The response rate for
the remaining 483 households was 83% (n=
400).
For both cases and controls, face to face
structured interviews were undertaken with
both parents or guardians and the child. The
interview covered six well defined sets of characteristics of the child. Firstly, a comprehensive
social index, as described by Osborn and Mornis,26 was used to rank families along a continuum of social and economic inequality.
Secondly, measures of the child's exposure to
the road environment, such as the number of
walking trips usually undertaken in a period of
seven days, the number of roads crossed, and
the volume of traffic on the roads crossed (volume was obtained from the local government
engineers) were recorded. The volume of traffic
-was recorded for the road(s) most frequently
crossed during the day, or, if the frequency of
crossing was the same for each road, the road
with the greatest volume of traffic was recorded.
The child's habitual exposure to the road en-
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for example, spend equal amounts of time in
equally dangerous traffic conditions. Consequently, research is needed in order to
identify, firstly, those features of the descriptive
epidemiology that are artefacts arising from
differences in children's exposure in the road
environment and, secondly, those features
within the individual and the physical environment that have a significant influence on
the likelihood of a collision. Without such research, preventive strategies will be based inappropriately on the somewhat unsophisticated
descriptive studies currently available.
The race ofthe child, in terms ofwhite versus
non-white, is also associated with differences
in rates of pedestrian injury.`-20 So, too, is a
pattern of socioeconomic disadvantage associated with higher rates of pedestrian
injury."72"22 However, the family's or child's
socioeconomic status has seldom been comprehensively measured by researchers. Frequently only one variable (such as the father's
occupation) has been used as a measure of
socioeconomic status.23 Further research in-corporating a comprehensive assessment of the
child's or family's socioeconomic environment
is needed to determine to what extent socioeconomic factors are associated with childhood
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STATISTICAL ANALYSIS

Univariate statistics were computed from the
final data set using the StatisticalAnalysis System
(SAS) software.30 Proportions were presented
as percentages of the respective denominator
(n). Variations in proportions between cases
and controls were initially assessed using the
standard X2 test for association, with continuity
correction where appropriate. Odds ratios
(ORs) and 95% confidence intervals (95% CI)

were derived using the standard methods for
case-control studies as outlined by Breslow and
Day.3' The independent contributions to the
overall risk of pedestrian injury in children of
variables shown to be significant in the univariate analyses were assessed using unconditional multiple logistic regression on
EGRET software.32 Two models were constructed.
The first model used data for respondents
aged 4 to 14 years (n = 457, cases, n = 97,
controls n = 360). The reason for limiting the
age group was the restrictions placed on the
use of the PSC which has been validated only
for children aged 4 to 14 years. Consequently,
the first model included the score on the PSC
and 41 other variables. The second model used
the variables found to explain the risk of childhood pedestrian injury in the first model, but
was restricted to the age group 4 to 10 years
(n = 289) in order to assess the only other
variable in the data set which had an age restriction, namely the figure-ground discrimination test (ITPA).28
One of the objectives in this study was to
determine the extent to which differences in
the amount of exposure can explain the age
and sex pattern of child pedestrians who are
injured most frequently. However, because
coarse frequency matching by age and sex was
undertaken in this study, it meant that the
effects of age and sex could not be interpreted
directly. The effects of frequency matching
were, therefore, overcome by applying an "offset" which contrasted the difference between
the probability of a child in the general population being in a specific age and sex category
compared with the equivalent probability in a
control subject (see Appendix).
ETHICAL APPROVAL

The study was approved by the research and
ethics committees of all organisations involved
in the project. In accordance with the guidelines
of the National Health and Medical Research
Council,33 parents or guardians consented to
their own and to their child's participation in
this research.
Results
Within the case group 65% (n = 65) were male
whilst in the control group, 57% (n = 230) were
male. These proportions are not significantly
different (y2=1P79, df=1, p=0.19). There
was a significant difference in the proportions
between cases and controls in the three age
strata used for frequency matching. Specifically, there were fewer control subjects, proportionally, in the 1 to 4 year age group and
more in the 10 to 14 year age group (X2=
9-86, df=2, p=0001). The mean age for case
subjects was 8 years 5 months (SEM=0-33,
median = 9 years) and for controls it was 9 years
3 months (SEM=0 14, median=10 years).
The relationship between 42 risk factors and
childhood pedestrian injury was examined
using unconditional logistic regression. Table
1 lists the descriptive statistics for respondents
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vironment was recorded rather than the exposure of the child to the road environment in
the week preceding the interview as the latter
might have been affected by the occurrence of
the injury. Furthermore, recording the case or
control subject's habitual exposure to the road
environment overcame the problem of recording a particular week that happened to
be atypical and thus either overestimating or
underestimating the child's exposure to the
road environment.
The third aspect of the interview measured
the behaviour of cases and controls using a
valid and reliable instrument developed by Jellinek and Murphy,27 the pediatric symptom
checklist (PSC). The PSC identifies children
who have sufficient behavioural problems to
warrant referral to a physician for further evaluation and treatment. The fourth component of
the interview schedule measured one aspect of
the child's development namely, figure-ground
discrimination, using a subtest of the Illinois
test of psycholinguistic abilities (ITPA).28 This
test has direct application to the road environment. In it children need to discern moving vehicles which can often be partly obscured
from the surrounding environment.
The final set of questions elicited both the
child's and parent's or guardian's knowledge of
road safety. The children and their parents
or guardians were asked to list the necessary
procedures in order to cross the road safely.
Other questions such as, "At what age would
a child be capable of crossing a road safely?"
were also asked, but only to the parents or
guardians.
Information was also sought from the cases
on the date and time of the injury, the exact
location of the injury, the speed limit and road
hierarchy at the site of injury, and the environmental conditions - for example, the
weather prevailing at the time. Road hierarchy
was an ordinal variable based on the volume
of traffic on the road namely: cul de sac, residential road, sub arterial road, and arterial
road. The case subject's medical record was
also reviewed in order to classify the severity
of injury using the abbreviated injury scale
(AIS).29 Direct observation of the physical environment at each case and control subject's
street of residence was also undertaken. Onstreet parking and other features ofthe roadway
such as the road type, posted speed limit, the
number of lanes in the street, the presence of
footpaths, whether the street had specific traffic
control devices, and whether there were visual
obstacles in the street which could obscure the
child's or driver's vision were recorded.
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Socioeconomic status
<47 (high)
48-50 (middle)
51 + (low)
Mean
(SEM)
No

Controls (%)

12 (12)
77 (79
8 (9)
49-3

55 (15)
283 (79)
22 (6)
49-1
(0 08)
360

(0-15)
97

Volume of traffic (vehicles per week Mon-Fni)
Mean
(SEM)
Median
No
Visual obstacles
Present
Footpaths
Absent

41956

21698
(2102)
9172
238

(5381)
29627
76

Pediatric symptom checklist (PSC)
Mean
(SEM)
Median
No

74 (76)

196 (55)

44 (44)

223 (56)
15

17

(045)

(0-94)
17
95

15
349

Table 2 Model offactors associated with injuries to child pedestrians aged 4 to 14 years
Variable

(95% CI)

OR

Likelihood ratio test

(p value)
Socioeconomic status
High
Middle
Low

1-251 (0 535)[2]
1 00
0 79
1-34

-

(0 35, 1-81)
(0-41, 4-28)

Volume of traffic (per increase of 10 000 vehicles per day)
1-12
(1-05, 1-19)
Visual obstacles
1
00
Absent*
2-68
(1-42, 5 02)
Prelent
Footpaths
Present*
1 00
Absent
0-48
(0-27, 0-87)

Pediatric symptom checklist (per unit change, range 0-70)
1 03
(1 00, 1-07)

10-44 (0001)
10-18 (0001)
-

5-93 (0-01)

3-91 (0048)

Deviance = 298-95 df= 292
*

Baseline Level.

aged 4 to 14 years (n = 475) for those variables
in the definitive model, while table 2 presents
the results of the most parsimonious unconditional logistic regression model for the
same age range.

It is evident from the statistics in table 1 that
crossed roads carrying almost twice (1-93
times) the volume of traffic compared with the
roads crossed on a weekly basis by the control
subjects. The proportion of children living in
streets with visual obstacles on the verge and
with footpaths also differed between case and
control subjects.
As indicated in table 2, the volume of traffic
on the roads crossed by the child during his
or her habitual weekday (Monday to Friday)
exposure to the road environment, the presence
or absence of visual obstacles on the verge of
the child's street of residence, the presence or
absence of footpaths on the child's street of
residence, and his or her score on the PSC,
each have an independent relationship with the
likelihood of childhood pedestrian injury. It
seems plausible that each of these explain part
of the pre-impact phase of pedestrian injuries.
There was no significant evidence of a requirement for interaction or polynomial terms
in the model.
The odds of injury increased by 12% with
each 10000 vehicles per day increase in the
cases

volume of traffic on the roads crossed between
Mondays and Fridays. The presence of a
"visual obstacle", defined as something within
2 metres of the roadside that was large enough
to obscure three quarters of the child on the
verge of the child's street of residence, was
associated with an increase in the odds of injury
of more than 2t6 times (OR==2-68, 95% CI=
1-42, 5 02) compared with the absence of a
"visual obstacle". Furthermore, by restricting
the analysis to cases who were injured in his
or her street of residence (n = 25), the odds of
injury associated with visual obstacles on the
verge increase (OR=2-86, 95% CI=1-28,
7 22).
The presence of footpaths on the child's
street of residence was also associated with an
increase in the likelihood of pedestrian injury.
Put another way, the absence of footpaths on
the child's street of residence was associated
with a 52% (OR=0-48, 95% CI=0-27, 0 87)
reduction in the likelihood of injury. This possibly surprising result will be discussed later.
A high or low PSC score indicated the likely
presence or absence respectively of a behavioural problem. A positive coefficient was
evident for PSC; thus, the more likely the
presence of a behavioural problem, the greater
the odds of injury. This seems intuitively reasonable.
Having forced socioeconomic status (SES)
(as SES was part of the research question)
into the model, a "U" shaped relationship was
evident between SES ofthe respondent's family
and the odds of pedestrian injury, although this
was not significant at the 5% level. Respondents
from families of low SES had 34% greater odds
of injury compared with families of high SES,
while middle SES families, those with a social
index score between 48 and 51, had a reduced
odds of injury compared with respondents from
both high and low SES families.
A second model which was restricted to the
age group 4 to 10 years (n=289) in order to
assess the only other variable in the data set
which had an age restriction, namely, the figure
ground discrimination test (ITPA), was similar
to the definitive model for children aged 4 to
14 years. Performance on the ITPA was not
independently associated with the likelihood of
injury (data not shown).
Table 3 reports the most parsimonious unconditional logistic regression model for respondents aged 4 to 14 years (n = 475) when the
"offset", reflecting the age-sex specific control
sampling fractions (see Appendix), was applied.
It is apparent that, other than age and sex, the
interpretation of the remaining variables in the
model remains the same. Age is a significant
predictor of the likelihood of injury and an "n"
shaped relationship exists between the age of
the child and the odds of pedestrian injury.
Boys had non-significantly increased odds of
injury compared with girls (OR= 1-02, 95%
CI=0-54, 1-75).
A further model (see table 4, which consisted
solely of age, sex, and SES and in which the
"offset" applied enables one to compare the
unadjusted ORs for age, sex and socioeconomic
status with the ORs for age, sex and socio-
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Table 1 Distribution of risk factors in children aged 4 to 14 years
Cases (%/6)
Factors
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Variable

(95% CI)

OR

Likelihood ratio test

(p value) [dfl
Age group (y)
4 to 6
7 to 9
10 to 12
13 to 14
Sex
Female*
Male
Socioeconomic status
High
Middle
Low

13 14 (0-044)[3]

1 00
1-76
3-48
0-83

-

(0 85, 3 66)
(1 64, 7-38)
(029, 2-36)

1 00
1.02

(0 54, 1 75)

1 00
0-80
1 34

(0 35, 1 82)
(0 42, 4 29)

Volume of traffic (per increase of 10 000 vehicles per day)
1-12
(1 05, 1 19)

Visual obstacles
Absent*
Present
Footpaths
Present*
Absent

0 005 (0-941)
1-240 (0 538)[2]

10-51 (0 001)

1 00
2-68

(1 42, 5 02)

10 19 (0 001)

1 00
0-48

(0 27, 0 87)

5-93 (0 015)

Pediatric symptom checklist (per unit change, range 0-70)
(1 00, 1-07)
1-03
Deviance = 298-95 df= 292

3-97 (0046)

*

Baseline Level.

Table 4 The effects of age, sex and socioeconomic unadjusted for exposure and
environmental factors
OR

(95% CI)

-

10 to 12
13 to 14

1 00
1-52
3-38
0 99

Sex
Female*
Male

1 00
1-14

Socioeconomic status
High
Middle
Low

1 00

Variable

Age group (y)
4 to 6
7 to 9

Likelihood ratio test
(p value)[dfl
13 29 (0-004)[3]

(0 40, 1 60)
(0 75, 3 03)
(0 33, 2 38)

(0 69, 2 05)

0-276 (0 599)
1-495

1-32
1-99

(0 61, 2 82)
(0-66, 5 98)

(0-474)[21

Deviance = 331-74 df= 296

economic status when the child's exposure to
the road environment and nature of the road
environment to which the child was exposed
were taken into account.
Comparison of the ORs in table 4 with the
fully adjusted ORs in table 3 indicated that a
child's exposure to the road environment, and
the nature of that environment partially explains the likelihood of pedestrian injury in the
high risk group, namely, children from low
socioeconomic areas and males. In other words,
the over representation of boys and those from
less privileged areas in the injury statistics reflects, at least in part, the environments to
which these children are exposed rather than
risks directly attributable to maleness or lack
of wealth. However, the strong "n" shaped
relationship with age group would appear to
be independent of the environment to which
children are exposed.
Discussion
A review of the literature highlighted that the
available information on childhood pedestrian
injuries has been gathered predominantly from

descriptive epidemiological studies. A lim-

itation of many of these studies has been a lack
of comparison between data on injury and data
on exposure to the road environment in the
same community. Furthermore, many of the
studies do not consider all of the contributing
factors simultaneously and most do not consider what happened to uninjured children.
Consequently, a research approach, such as
this study, which compared data on injured
and uninjured children and which considered
data on exposure and as many as possible
of the contributing factors simultaneously was
required.
We found that the amount of "habitual"
exposure to the road environment and the
nature of the road environment to which the
pedestrian was exposed influenced the likelihood of injury, particularly in boys and in
children aged 13 to 14 years. These effects
were most noticeable in children from low
socioeconomic areas, but the relationship of
socioeconomic environment to childhood pedestrian injury is a complex one. As the over
representation of children from low socioeconomic areas and boys in the injury statistics
can be explained, in part, by the child's exposure to the road environment, one might
suggest that restricting children's exposure to
traffic would bring about reductions in child
pedestrian injuries. However, researchers34
have suggested that restricting a child's exposure to traffic will merely boost the socioeconomic disparity in childhood mortality. For
example, Roberts34 indicated that poorer families would be least able to escort their children
to school by car and supervising children would
be more difficult for single parent families.
Consequently, one might propose that modifications be made to the environment instead
of restricting a child's right to mobility.
Either no or weak to moderate associations
between maladaptive behaviours and the risk
of childhood pedestrian injury have been reported in the literature.'3 35-36 The inconsistency
in the published reports may be due to the
types of injuries studied, which varied between
studies, as did the tools for assessing the child's
behaviour. The findings in the present study,
however, indicate that a child's behaviour is
significantly associated with the risk of pedestrian injury in children aged 4 to 14 years.
Furthermore, a dose-response relationship was
evident in that the higher the PSC score, which
indicates the likelihood of a behavioural problem, the greater the likelihood of injury.
One should be cautious in looking for a
relationship between a child's general behaviour and the risk specifically of pedestrian
injury. Notwithstanding this, the questions on
the PSC elicit behavioural characteristics such
as aggressiveness, lack of attentiveness, a child
who acts immaturely or fidgets, and so on. It
is likely that characteristics of this nature may
compete with the child's ability to focus on
potentially hazardous road environments and
hence increase that child's potential for injury.
Furthermore, it is interesting to note that in
the present study the higher PSC scores were
more prevalent in boys than girls.
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Table 3 Model of the effects of age and sex on the risk ofpedestrian injury
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Although both sites are equally important, observations undertaken in the child's street of
residence have important environmental and
educational implications, especially as 25% of
injuries occurred on the child's street of residence. Notwithstanding this, a further study39
which conducted observations at the site of
injury, reported findings complimentary to
those discussed in this study.
The only sub-environment of the road reserve which was significantly associated with
the risk of pedestrian injury was the presence
or absence of footpaths. The results showed a
reduced odds of pedestrian injury associated
with the absence of footpaths in the child's
street of residence. In fact, children living on
residential streets which had no footpaths were
52% less likely to be injured (OR=0-48, 95%
CI = 0-27, 087) than those children with footpaths in the street where they lived. Likewise,
a reduced odds of pedestrian injury was also
associated with the absence of footpaths at
the site of injury (OR=009, 95% CI=0-01,
°045)-39
Mueller et alP have reported similar findings,
but they only considered footpaths at the site
of injury. This finding has not been reported
before in relation to the child's street of residence. The explanation proposed by Mueller37
that the reduced risk associated with the absence of footpaths was due to footpaths being
provided more frequently on busy roads, and
that their presence there did not compensate
for the increase in risk associated with greater
volumes and speed of vehicular traffic is perhaps open to debate. Since they included in
their analysis the mean volume of traffic and
the posted speed limit at the sites of injury,
the reduced risk of injury associated with the
absence of footpaths can not be easily explained
by greater volumes and speed of vehicular
traffic as these have already been taken into
account. However, one cannot exclude the possibility that the presence of footpaths may represent residual confounding not controlled for
by measuring the volumes and speed ofvehicular traffic. We also adjusted for the speed and
volume of traffic in our statistical model. It
is difficult to determine why the absence of
footpaths in the child's street of residence
should reduce the likelihood of injury. It could
be that where there are no footpaths the child
has to walk on the road and he or she is
therefore more cautious. Alternatively, the child
with a footpath in his or her street may treat
the footpath as an extension of the perceived
"safe" play area and behave inappropriately in
close proximity to traffic, and, therefore, it may
be an issue of a child's complacency when in
a familiar environment. No matter which the
explanation is, they are all amenable, to some
degree, to appropriate road safety education.
The aim of this study was not only to determanent structures, minimises the obscuring of mine the major factors related to childhood
children, and regular pruning of street vegeta- pedestrian injuries, but also to ascertain to what
tion, should ensure that drivers have a view of extent differences in the amount of exposure
the children about to cross the road.
to the road environment and the nature of
In this study, observations of the road en- the road environment to which a pedestrian is
vironment were recorded in the street of the exposed can explain why children of a certain
child's residence rather than at the site ofinjury. age, sex, and area of residence are at higher
Although a statistical association is evident
between the PSC score and childhood pedestrian injury, it would not be appropriate to
focus solely on identifying "at risk" children
based on whether they have a behavioural problem or not. To determine whether a child has
a behavioural problem is a complex task and
one that does not merely require the application
of the PSC in the target population. Furthermore, even if "at risk" children could be
identified, they would comprise a small group.
For example, only 12% of cases and 7% of
control subjects in this study were identified as
having a behavioural problem. Consequently,
the potential contribution to prevention from
identifying the "at risk" behavioural group, in
terms of reducing the incidence of pedestrian
injuries, would be marginal.
The volume of traffic on the roads usually
crossed was strongly associated with the likelihood of injury. In fact, as the volume of
traffic on the roads usually crossed by the
child increased, so too did the child's odds of
pedestrian injury. Although other studies have
not measured the volume of traffic on the
road(s) to which a child is frequently exposed,
they do confirm that a high volume of traffic
increases the risk of pedestrian injury when the
volume of traffic is measured at various injury
and control sites.37
A number of studies,'5 37, have demonstrated
the potential for reducing childhood pedestrian
injuries through limiting the volume and reducing the speed of vehicular traffic. Using
comparable before and after periods, Pharaoh
and Russell38 reported a reduction of 43% in
the number of pedestrian injuries following the
implementation of traffic calming. Not only are
there reductions in the number of pedestrian
injuries after traffic calming, but also levels of
noise and air pollution fall, while pedestrian
and cycle activity increase.38 Consequently, the
establishment of pedestrian friendly environments has the potential for a more general
benefit on the public's health.
In contrast to a number of reports,51137 this
study did not identify on-street parking as contributing to the risk of pedestrian injury. However, until now few studies had determined
whether other obstacles to vision, such as semipermanent or permanent objects on the verge
of the child's residential street were associated
with the likelihood of pedestrian injury. It is
evident from this research that semipermanent
objects such as rubbish bins and permanent
objects such as telephone booths, trees, and
post boxes can hide a child while they are
walking to the roadside. It is possible that a
child's movement from his or her home to
the roadside could be completely obscured by
obstacles to vision on the verge. Therefore,
relocation of semipermanent objects away from
the verge, ensuring the design features of per-
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the high volumes of traffic on the roads they
cross. Furthermore, the nature of the road
environment to which he or she is exposed,
such as the absence of footpaths in the streets
where they live and kerbside features which
obstruct either the child's or driver's view, or
both, also affect that child's risk. In short, the
results from this study suggest that a reduction
in the incidence of childhood pedestrian injuries can best be achieved through modifications to the road environment to which the

child is exposed.
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Appendix
Consider a case-control study generated from
a base population consisting of Mj cases and
Nj non-cases at level j of a nominal explanatory
factor (z) with k levels. Designate the levels
1 ... k and define level 1 as the baseline category.
The true odds (in the base population) of
being a case among individuals at level j of z
is Mj/Nj. If the sampling fraction of cases is
one (all cases are ascertained) and the sampling
fraction of controls at level j is f, the casecontrol study will include Mj cases and fNM
controls at level j and the estimated odds at this
level will be Mj/(fNj).
The estimated odds ratio (TP) for level j
compared to level 1 (the baseline category) will
be (Mj/fN1)/(M1/f1N1). In a standard unmatched case control study f =f2= ...f... =fk
and the estimated odds ratio for level j compared
to level 1 will therefore be equivalent to (Mj/
a consistent estimator of the true
Nj)/(M1/N1),
odds ratio between these two levels in the
base population. This is because the common
sampling fraction cancels out. However, frequency matching on z makes it likely that the
control sampling fractions will vary between
the differentlevels ofz and will not therefore
cancel. In consequence,Tj does not then provide a consistent estimate of the true odds ratio
in which we are interested. This is the principal
reason why one would not generally choose to
match on an explanatory variable in which one
was primarily interested.
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risk. Although past research has described the
pattern of child pedestrian injuries, it has been
based on an untested assumption that children
of different ages, sexes, and neighbourhoods
spend equal amounts of time in equally dangerous road environments. The results from
the present study indicate that the over representation in the injury statistics of children
from low socioeconomic areas and of boys
can be explained, in part, by their pattern of
namely,
exposure to the road environment
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age-sex structure of the controls in our study,
the age-sex specific control sampling fractions(fj) could be estimated directly. A vector
OFFSET could therefore be generated such
that OFFSETg (the g'" element of OFFSET)
took the value -loge(fh/f,) when the gff individual in the study was at level h of z.
I3i=loge,MJJJ) = log(, _)log
In order to adjust for the variation of control
sampling fractions with age and sex the vector
The second term on the right hand side of the OFFSET was entered into the logistic reequation is the loge of the ratio of the sampling gression equation as an offset.40 An offset may
fractions at levels j and 1 of z. Having par- be viewed as an explanatory variable with a
titioned off the influence of the varying control regression coefficient which is forced to be one.
sampling fractions in this manner, the first term This takes up the impact of the variation in
now provides a consistent estimate of the true sampling fraction introduced by the frequency
loge (odds ratio) we wish to estimate. This matching (the second term on the right hand
estimate remains consistent if the sampling side of the equation above) and leaves f3 to
fraction of cases is less than one. However, if estimate the first term which provides a conthe case sampling fraction also varies with z, sistent estimate of the true odds ratio of interest
full adjustment requires additional components in the base population. In this particular study,
to be introduced into the second term to reflect there was no evidence that the response of
this variation.
cases varied markedly with either age or sex
Let us now turn to the present study.
and there was therefore no need to modify the
Knowing the age-sex structure of the base elements of OFFSET to reflect case sampling
population (which we did) and knowing the fractions.

fJ
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In a standard logistic regression model, the
analysis is carried out on the scale of loge(odds)
and if Pj estimates the loge(odds ratio) for level
j compared to level 1 of z:

