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Abstract

Children frequently lack the ability to correctly direct and maintain their attention on traffic, to judge
speeds, and localize sounds.  Compared to adults, they also have more limited cones of visions, less
capacity to perform multiple tasks simultaneously, and less ability to control their impulses.  Elderly
people because of the ageing process sometimes lack the ability to correctly comprehend the traffic
situation.  Therefore special attention has to be given to the design of the traffic environment for
children and elderly.

Based on a literature review, a number of hypotheses are formulated to describe factors that are crucial
for crashes involving children and elderly.  Swedish and Finnish in-depth studies of crashes, police
reported crashes and data describing 11 738 video filmed pedestrian and bicyclist passages have been
analyzed to test these hypotheses.

The factors that contributed to the crashes are identified and a set of principles to eliminate these causes
are proposed when designing urban traffic environments for children and elderly.  The main principle
proposed is that the actual vehicle speeds should be no more than 30 km/h wherever children or elderly
cross streets.  Complementary countermeasures are proposed for children and elderly to see and be seen
and to improve orientation.

1 INTRODUCTION

Children and the elderly are disproportionally represented in crash data for vulnerable road users when
compared to their exposure to traffic (Malek et al., 1990, Howarth et al. 1974 and Routledge et al.
1974, presented by Malek et al., 1990, Oxley et al., 1997, Thulin and Kronberg, 2000, Gustafsson and
Thulin, 2003, MacGregor et al., 1999, Connely et al., 1998).  In New Zeeland, the United States, and
Canada, child pedestrian crashes peak between the ages of 5 and 9, coinciding with the early
elementary school years.  According to British data, children aged 5 to 7 are most at risk (Connely et
al., 1998).

The pattern of pedestrian injuries cannot be understood without examining their exposure to the traffic.
Howarth et al. (1974) and Routledge et al. (1974) (presented by Malek et al., 1990) found that children
aged 5 to 7 years, which were the age group most overrepresented as crash victims, were actually
exposed to traffic less than older children.  Therefore, the conclusion is that the increased injury rate
was due to behavioral factors rather than to greater traffic exposure.  The risk of injury declined with
age throughout the childhood years, with the 0 to 4 year olds having the highest risk of all age strata
when taking exposure into account.

2 AIM

The aim of this paper is to find key parameters in pedestrian and bicycle crash data that describes what
lead to the crash, and to isolate parameters that are crucial when children or elderly as pedestrians or
bicyclists are involved in crashes.  The aim is also to compare the prevalence of key parameters in
crash data compared to “normal” pedestrian passages.  The primary focus of the study is traffic safety
for children (0-18 years) while elderly (older than 64 years) are studied in a slightly less comprehensive
way.
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3 METHOD

The results of a literature review to find information about key parameters describing traffic safety or
lack thereof for children and elderly as pedestrians and bicyclists make up the first part of this paper.
The second part is to evaluate whether these key parameters are present in Swedish and Finnish crash
data and compare them to pedestrian and bicyclist passages captured through video filming.

4 LITERATURE STUDY

The children’s view and perception of oncoming traffic may be affected by their height, which restricts
their range of view (Connely et al., 1998).  This together with parked cars, trees, or buildings makes it
more difficult to see traffic and assess its movement.  All children do not know or understand the link
between speed, time, and traveled distance of a car (Cross, 1988).  The younger the children are, the
greater the naivety regarding the concept of speed.  It has been estimated that traffic maturity is reached
at around 12 years of age, and that children below the age of 14 are overrepresented in pedestrian
crashes.  The differences between 6 to 7 year old children and older ones, regarding safe performance
of the pedestrian task, seem substantial (Midtland, 1995).  The differences pertain mainly to the
attention and cognitive parts of the task, and only to a lesser degree to its perceptual aspects.  The
feeling of being insecure can also be important.  Children may run across the street, especially across
the second lane, when they feel insecure in the traffic environment.  Studies (Räämä, 1993, Gaskell et.
al., 1989) show that the single most important negative behavioral characteristic is running across the
street.  Unaccompanied children have a tendency to do this resulting in an increased prevalence of
crashes.

Children’s development of pedestrian skills is highly variable with large individual differences.  Based
on studies of information sampling and decision making, Whitebread and Neilson (1999) found
identifiable different patterns of behavior in children with weak or strong pedestrian skills.  Clear
developments occurred by the age of 7 to 8 years.  Other studies show that children’s understanding of
traffic and their behavior, for example expressed as ability to safely cross streets and choosing safe
time gaps, improved by training (Rothengatter, 1984 and Van Shagen, 1988).  It was found though by
Vinjé (1981) that cognitive training methods seemed useless for children younger than seven. Children
under 10 cannot be adapted to the traffic environment because they are biologically and cognitively
incapable of managing its many demands. For this reason child road education might be an important
component of pedestrian safety campaigns, but one that can prevent only a small fraction of crashes.
An alternative possibility could be that training children in road skills would be useful, but that current
programs do not teach skills, only the knowledge and attitudes towards road safety (Ampofo-Boatang
et al., 1993).

As young children have not yet developed the necessary cognitive skills or been adequately trained in
how to use these skills when crossing a street, the alternative target for child pedestrian safety measures
is the car driver (Howarth, 1980 presented by Arnold et al. 1990).  Given the physical or cognitive
limitations of children and the elderly, it is suggested that the responsibility for pedestrian safety be
placed more upon drivers and parents (Arnold et al. 1990).  Therefore, it is recommended that drivers
should show more responsibility by adopting appropriate driving strategies on roads most frequently
used by pedestrians.

The older the person, the more fragile he/she is; Spolander (2004) concludes that even a speed limit as
low as 30 km/h is too high for the elderly.  Elderly pedestrians place themselves at greater risk when
crossing streets with traffic in two directions as a result of bad predictions of when moving vehicles
will arrive, and/or by under-compensating for their lower walking speeds (Oxley et al., 1997).

4.1 Description of behaviors of children

MacGregor et al. (1999) found significant differences between the behaviors of the three age groups 5
to 7 year olds, 8 to 10 year olds, and 11 to 12 year olds when crossing at non signalized intersections.
Older children were less likely to stop at the curb before crossing.  Children who were not accompanied
were less likely to stop at the curb than those who were accompanied.  Unaccompanied children were
also more likely to perform a visual search than accompanied children.  Oudejans et al. (1996) found
by videotaping pedestrians that walking out into a street without stopping has a positive correlation to
their perception of the possibility to cross a road safely; to determine the speed and distance to
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approaching vehicles.  The results are, however, ambiguous.  On the one hand, we want pedestrians,
especially children, to stop at the curb before crossing the street, a more conservative crossing strategy
than walking straight out.  On the other hand, perceiving the traffic situation while in motion may lead
to a more accurate perception of whether a safe crossing is possible.  The second option may indicate
that the pedestrians should have a clear view of the road so that they can decide while they are still in
motion whether or not crossing is possible.

The children’s ability to choose a safe time gap between two cars (or to an oncoming car) has been
tested by Connely et al. (1998) and Lee et al. (1984). Connely et al. (1998) found that distance gap
thresholds remain constant regardless of vehicle approach speed.  Children consistently allowed
smaller safety thresholds as the speed of approaching vehicles increased.  In fact, the mean data showed
a tendency for children to allow a little more distance for vehicles with lower speeds.  Most children
were safest at the lowest vehicle approach speed.  Once vehicle approach speeds reached speeds of over
56 km/h, the youngest children were often making risky distance judgments.  Children aged 8 to 9
years often made judgments that were more risky than those of the ages 5 to 6 years.  Children of the
ages 5 to 6 years, especially boys, were almost constantly making very conservative distance judgments
that gave the impression of an ability to reliably make safe decisions.  The majority, though, made
inconsistent and unpredictable judgments.  Lee et al. (1984) found that children were generally more
cautious than adults in choosing time gaps.  Although the children were generally cautious they
occasionally accepted time gaps that were too short.  A proportion of the children made no such errors,
a proportion that increased with age; 26 % of the 5 year olds made no errors, 35 % of the 7 year olds,
and 42 % of the 9 year olds.

In a study by Vinje (1982) (presented by Demetre and Lee 1992) children, aged seven and ten, and
adults performed similarly in terms of risky understatements of accepted time gaps.  The children
younger than seven years underestimated arrival times, meaning that they judge the time period shorter
than it really is.  This suggests that young children are likely to be overcautious in their decisions about
traffic gaps.

Ampofo-Boatang et al. (1993) studied children’s ability to choose a safe route to cross a street.  An
example of studying the selection of a safe route was to study whether they cross the street at a site
where there were no parked cars or sharp bends acting as sight obstacles.  The findings demonstrate
that children’s ability to find a safe route across the street increases with age.  Half of the five year olds
located a very unsafe route across the street whereas none of the eleven year olds did.

Crash statistics show that a disproportionate number of young children are involved in crashes whilst
attempting to cross a road near parked cars (Demetre and Gaffin, 1994).  Figures vary, but between 40
and 70 percent of 5- to 6-year-old children’s crashes involve attempts to cross the street near parked
vehicles.  These findings support the hypothesis that obstructing vehicles are dangerous for young
children.  The study also shows that more experience of independently using the roads leads to more
frequent decisions to cross where vehicles block views.

The conclusion of the literature review regarding children’s limited ability as road users prompted us to
formulate and test the operative hypotheses that are presented in Chapter 6.

5 DATA DESCRIPTION

The hypotheses were tested on six different data sets.  The first data set includes observations of
‘normal’ passages of 11 738 pedestrians and bicyclists.  The observations cover adults and elderly in
the cities of Borås, Trollhättan and Malmö in Sweden.  It was gathered through the years 1999-2003 at
pedestrian and cycle crossings with speed limits of 30-50 km/h.  They were coded according to a
method developed by Johansson (2001).  These passages are regarded as ‘normal’ passages, i.e.,
passages that are not conflicts or other particularly dangerous situations.  These passages are assumed
to be representative of pedestrian and bicyclist passages in urban areas in Sweden.  Due to the limited
data it is not possible to state anything about normal passage behavior in other speed environments.

The second data set includes 212 conflicts and dangerous situations (defined as encounters when a car
was “closely” approaching a pedestrian or bicyclist according to Johansson, 2001) involving
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pedestrians and bicyclists in the cities of Borås, Trollhättan and Malmö in Sweden for the years 1999-
2003.

The third data set covers Swedish crashes with children and elderly as pedestrians, bicyclists or riders
of mopeds as collected by Swedish road crash investigation teams.  It was gathered through the years
1997-2001 (for a variety of road environments) and includes 143 crashes (unpublished data by Ifver,
2003).  The parameters are interpreted from the crash descriptions.

The fourth data set is the Finnish road crash investigating teams’ data from the years 1995-2001 which
includes a detailed description of 775 pedestrian, bicyclist or moped rider fatalities in varying road
environments.

The fifth data set includes 17 843 police reported fatalities and injuries with pedestrians and bicyclists
in Finland during the years 1989-2002.  This data set is used to test Hypotheses 4-5.

The sixth data set includes Swedish travel surveys and self reported crash data from 1996-2000. This
data has been compared to crash data from the Swedish Road Administration by Gustafsson and Thulin
(2003).

Finnish data and Swedish data on conflicts and situations and “normal” passages are classified into the
age groups children (0-17 years), adults (18-64 years), and elderly (65 years and older), while Swedish
crash data is classified as children (0-17 years) and elderly (70 and older).

6 HYPOTHESES AND RESULTS

When interpreting the findings in this chapter the reader should be aware that exposure data was not
available for most of the hypotheses tested.  Exposure data is frequently the factor explaining most of
the reason why one layout has more crashes than another.  However, when taking actions for a safe
traffic environment for children it seems reasonable to highlight problem areas for children by looking
at different key parameters that deteriorate the safety of children as indicated by a disproportional
number of crashes.

6.1 Road user age

Hypothesis 1: Walking and bicycling children have higher risk the younger they are if risk
exposure is defined as distance traveled.

Swedish travel surveys
Swedish travel surveys and self-reported crash and exposure data from 1996-2000 have been related to
crash data from the Swedish Road Administration (Gustafsson and Thulin, 2003), see Table 1.  The
main result is that the risk of fatal injury is significantly higher for elderly compared to the mean value
based on all age groups for both pedestrians and bicyclists, both in urban and non-urban traffic.

The conclusion is that the hypothesis is partly true; the risk was higher for children younger than 14
than older than 15 (as a group) both when walking and cycling.  But the youngest children 0-6 years
had a lower risk in non-urban areas than children 7-14 years.  It is likely that children 0-6 years seldom
travel unaccompanied by adults especially in non-urban areas which can explain the lower risk in non-
urban areas. Children 7-14 more often travel unaccompanied.  The risk was somewhat higher for
children than for adults, but elderly always has the highest risk. The data is not detailed enough to say
where the exact break point in risk is with respect to age, but children younger than 14 have higher
risks than persons older than 15 years (as a group) both when walking and cycling.
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Table1. Risk of injury and fatal crash per million person kilometers and consequence of the crashes
1996-2000 (Gustafsson and Thulin, 2003)

Risk of injury Risk of fatal or severe injury Risk of fatal injury
Pedestrians
Urban traffic
1-6 years 1.153 0.348* 0.028
7-14 years 1.098 0.279 0.011
15-24 years 0.532 0.120* 0.007*
25-44 years 0.423* 0.098* 0.006*
45-64 years 0.495 0.140 0.016
65-84 years 1.313* 0.544* 0.106*
Mean (1-84 years) 0.639 0.183 0.020
Non-urban traffic
1-6 years 0.190 0.098 0.011
7-14 years 0.214* 0.094 0.014
15-24 years 0.232* 0.115 0.030
25-44 years 0.132 0.075* 0.020*
45-64 years 0.107* 0.061* 0.026
65-84 years 0.160 0.097 0.054*
Mean (1-84 years) 0.153 0.082 0.027
Bicyclists
Urban traffic
1-6 years 1.219 0.179 0.007
7-14 years 1.263 0.242 0.009
15-24 years 1.394 0.238 0.005*
25-44 years 1.081 0.199* 0.007*
45-64 years 1.221 0.283 0.015
65-84 years 1.664 0.506* 0.075*
Mean (1-84 years) 1.244 0.255 0.014
Non-urban traffic
1-6 years 0.261 0.058 0.000
7-14 years 0.331 0.112 0.009*
15-24 years 0.282 0.084* 0.012*
25-44 years 0.330 0.119 0.009*
45-64 years 0.321 0.141 0.028
65-84 years 0.379 0.180* 0.071*
Mean (1-84 years) 0.325 0.125 0.023
*Significantly different than the mean value for all age groups based on exposure and total no. of
crashes (at 95% significance level)

6.2 Vehicle speed and type of vehicle

For low-speed crashes, the type of vehicle that is involved and the age of the vulnerable road user are
determents for the outcome of a crash.  Therefore, the following hypothesis was formulated:

Hypothesis 2: Fatal collisions between vulnerable road users and vehicles at low speeds
almost always involve heavy vehicles or pick-up trucks, or the vulnerable road user is an
elderly.

Finnish road crash investigating teams crash data
The share of fatal pedestrian crashes by pedestrian age and speed of the involved vehicle are presented
in Figure 1.  Of all pedestrians that were fatally injured in Finland, 90 % were killed at vehicle speeds
of 31 km/h or higher. Among the 38 fatally injured pedestrians at vehicle speeds less than 31 km/h,
45% were elderly and adults respectively whereas 11 % were children.  Of all bicyclists that were
fatally injured in Finland, 85 % were killed at vehicle speeds of 31 km/h or more. Of the 36 fatally
injured bicyclists at vehicle speeds less than 31 km/h, 44% were elderly, 46 % adults and 10 %
children.
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Figure 1. Share of fatal pedestrian crashes by speed of the involved vehicle.

Of all pedestrians that were fatally injured in Finland at vehicle speeds less than 31 km/h, 91% were
killed in collisions with heavy vehicles or pick-up trucks. There was no statistically significant
difference between the different age groups.  Note that all children that were killed in low-speed
crashes collided with a heavy vehicle or pick-up truck.

Swedish data
No children were killed at sites with low speed. Two elderly pedestrians were fatally injured in low-
speed crashes in the Swedish dataset.  One of them collided with a bicyclists and one with a bus. All 28
child pedestrians who were fatally injured in Sweden were killed at sites with a speed limit of 50 km/h
or higher.

Of the pedestrians involved in conflicts and dangerous situations (Swedish data) at low speed sites, 4 %
interacted with heavy vehicles or pick-up trucks. None of the children and none of the elderly were
involved in a serious conflict or other dangerous situation involving a heavy vehicle or pick-up truck at
low speed sites.

The share of pedestrians that encountered a heavy vehicle or pick-up truck in “normal passages” at the
studied low-speed sites in Sweden was in average 10%. Significantly fewer (p<0.02) of the elderly
(7%) encountered a heavy vehicle or pick-up truck compared to other age groups (11%).  This can be
compared to that a much greater share (25% of children aged 0-17 years and 28% of elderly older than
70 years) being killed in crashes with heavy vehicles or pick-up trucks (average for all speed limits).

The conclusion is that the hypothesis was true; low speed crashes almost always involve heavy vehicles
or pick-up trucks and often also elderly.

6.3 Outcome of a crash

The next hypothesis deals with the fact that the vehicle speed seems to be a determent for the outcome
of a crash, and if a vulnerable road user is struck by a vehicle the outcome is more severe the older the
person is.

Hypothesis 3: The injuries are more severe when vehicle speeds are higher or the age of the
involved vulnerable road user is higher.

Table 2 presents the outcome of crashes for different vehicle speed limits and by age of the involved
road user.
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Table 2. Consequence for pedestrians and bicyclists by age and speed limits
Pedestrians Bicyclists

Speed Children Adults Elderly All All total Children Adults Elderly All All total

On marked crossing at intersection, not turning vehicles

30 0.000* 0.000* 0.000* 0.000* 0.052 0.000 0.000 0.000 0.000 0.021
40 0.000* 0.016* 0.055 0.023* 0.000 0.012 0.050* 0.014

50 0.015* 0.034 0.116* 0.056 0.008 0.010 0.075* 0.020

60 0.017* 0.033 0.209* 0.075 0.032 0.023 0.125* 0.043*

On marked crossing at intersection, turning vehicles

30 0.000* 0.000* 0.000* 0.000* 0.028 0.000* 0.062* 0.000* 0.035* 0.018
40 0.000* 0.024 0.062* 0.034 0.000* 0.010 0.046* 0.014

50 0.021 0.004* 0.072* 0.027 0.011 0.015 0.049* 0.019

60 0.000* 0.000* 0.000* 0.000* 0.000* 0.045* 0.006

On marked pedestrian crossing, at link, overtaking car On marked crossing on link

30 0.000 0.000 0.000 0.017 0.000* 0.000* 0.000* 0.000* 0.023

40 0.000 0.034 0.083 0.041 0.012 0.000* 0.038 0.008

50 0.014 0.000 0.026 0.008 0.002 0.015 0.085* 0.024

60 0.000 0.500 0.250 0.032 0.024 0.100 0.049*

Other, on marked pedestrian crossing at link

30 0.000* 0.000* 0.000* 0.000* 0.058
40 0.000* 0.033 0.078 0.037

50 0.026 0.040 0.122* 0.062

60 0.0000 0.071 0.222* 0.084

On link, not marked pedestrian crossing, between parked
cars30 0.000 0.000 0.000 0.012

40 0.000 0.000 0.000 0.000

50 0.000 0.018 0.096* 0.015

60 0.000 0.076* 0.000 0.021

Other, on link, not marked pedestrian crossing

30 0.000* 0.000* 0.000* 0.051

40 0.000* 0.000* 0.000* 0.000*

50 0.011 0.046 0.134* 0.049

60 0.081 0.122* 0.261* 0.139*

*Significantly different than the average for each crash type (at 95% significance level)

In most of the different types of crashes the [fatality] “consequences” (number of fatal crashes per sum
of fatal and other crashes) increased with vehicle speed and the age of the vulnerable road user, see for
example Figure 2 representing the outcome of pedestrian crashes by speed limit at intersections with
marked pedestrian crosswalks.  Most often independent of crash type, the outcome was significantly
less severe for lower vehicle speed limits than the average for the crash type. Often the outcome for
elderly was significantly more severe than for the crash type in average (or for the other age groups).

Some trends of differences between different types of crashes were detected.  The consequences were
somewhat higher on links without marked pedestrian crosswalks and with no parked cars compared to
when the pedestrian had walked out between parked cars.  The consequences were also somewhat
higher when the vehicle was driving through the intersection at marked pedestrian crosswalks, both for
pedestrians and bicyclists, compared to when the vehicle was turning in the intersection.  Most likely
the speed of the vehicle was lower at the streets with parked cars and when the vehicle was turning,
resulting in less severe outcomes.

The conclusion is that the consequences of crashes are more serious at higher vehicle speeds. The
consequences of the crashes are also more severe the higher the age of the involved vulnerable road
user.
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Figure 2. Outcome of pedestrian crashes by speed limit at intersections with marked pedestrian
crosswalks.

6.4 Children’s speed

The speed of especially children as vulnerable road users can be a determent for a crash:

Hypothesis 4a: In fatal collisions, children more frequently run (dash-out) into the street than
other age groups.

Hypothesis 4b: In fatal collisions, children’s speed is usually higher than at other passages.

Finnish road crash investigating teams crash data
Significantly more of the children who were fatally injured were running, 42%, than among other age
groups, 13%, (p<1.0e-7).  Significantly fewer of the elderly who were fatally injured were running, 5%,
compared to the younger age groups (p<1.0e-5).  Of the bicyclists that were fatally injured, there were
more children that were in a hurry than among other age groups but the difference was not significant.
18 % of the children were in a hurry compared with 6% of the older age groups.

Swedish data
Children in Swedish data that were fatally injured were running to the same extent as in Finnish data.
This was also observed for conflicts and other dangerous situation passages in Sweden. In ”normal”
passages there were significantly more children running compared to other age groups, 10% of the
children ran compared to 2% for the older age groups (p<1.0e-57).  But the percentage was
significantly lower (p<1.2 e-9) than for those that were fatally injured, 42%.

The conclusion is that the hypotheses are true; the speed of the children as vulnerable road users is
often high in fatal crashes compared with “normal passages.” Children in fatal crashes were also
running or cycling faster than the other age groups in fatal crashes.

6.5 Sight and road environment complexity

Sight obstructions and high complexity of the road environment might deteriorate safety, especially for
children. The following hypotheses were therefore formulated:

Hypothesis 5a: Child pedestrians are less frequently involved in fatal collisions compared to
other age groups at sites with good visibility.

Finnish road crash investigating teams crash data
Significantly more of the children, 12%, were fatally injured at sites with not sufficient visibility for the
actual speed of the motor vehicle compared (p<0.02) with the older age groups.  Only 3% of the older
age groups were killed at sites with not sufficient visibility for the actual vehicle speed. Of the
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pedestrians that were fatally injured at intersections there was no significant difference between the age
groups with respect to if the general visibility was good or bad.  But 60% of the children were killed at
intersections with bad visibility whereas 36% of the older age groups were killed at intersections with
bad visibility. Of the pedestrians that were fatally injured at links, there was no significant difference
between the age groups with respect to if the visibility was good or bad.  About one third of the
pedestrians were killed at links with bad visibility.

Swedish data
In few (about 10%) of the fatal crashes in the Swedish data was it stated that the visibility was bad. The
hypothesis is partly true in terms of visibility related to vehicle speed; more children were killed at sites
with bad visibility than the older age groups but the share of children killed at sites with bad visibility
was low.  Children were more often fatally injured at intersections and links with bad sight conditions
compared to the older age groups but the differences were not significant.

Hypothesis 5b: Children are more often struck by a car when they are crossing near parked
cars.

Finnish police reported data
At sites with no marked pedestrian crossings, children were more often injured, compared to the other
age groups (p<0.1e-25), when stepping out into the street between two parked cars.  24 % of the child
crashes at links were of this type.  Elderly were significantly less involved in these types of crashes
(9%) compared to other age groups.  The conclusion is that the hypothesis was true; children were
more often struck by a car when they were stepping out between parked cars compared with other age
groups.

Hypothesis 5c: Children are more often involved in crashes along sections with multiple lanes
when one vehicle has stopped and the child is struck by an overtaking car.

Finnish police reported data
Children were more often (p<1.0e-3) involved in overtaking crashes at marked pedestrian crossings at
two-lane links in Finland compared to other age groups. 17% of the crashes at links that involve
children were of this type. Elderly were less often involved in these types of crashes, 9%, while 13% of
all crashes at marked pedestrian crossings at links in Finland were of this type.

Hypothesis 5d: Children are more often involved in crashes at intersections when a vehicle is
turning than other age groups.

Finnish police reported data
Children as pedestrians and bicyclists were significantly less (p<1.0e-16 and p<1.0e-17) involved in
crashes with injuries at marked pedestrian crosswalks involving a turning vehicle compared to other
age groups according to the Finnish data.  8% of the child pedestrians were involved in crashes with
turning vehicles compared to 22% of the older age groups. 30 % of the child bicyclists were involved
in crashes with turning vehicles compared to 43% of the older age groups.  The hypothesis is in other
words not true; children were less often involved in crashes when a vehicle was turning compared to
other age groups.  Most of the crashes at intersections involved vehicles driving through the
intersection.

7 CONCLUDING DISCUSSION

On the basis of the above analysis and earlier research, two models are proposed to assist in designing
the urban traffic environment for children as pedestrians and bicyclists (first model) and elderly as
pedestrians (second model).
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7.1 Traffic Environment for children

Vehicle speeds should be 30 km/h or less wherever children (regularly) cross streets

The most important factor to determine the safety but also mobility and security of children as
vulnerable road users is the vehicle speed at the sites where children and vehicles occupy the same
space.  There are several studies of pedestrian safety that verify a relationship between vehicle speed
and risk of fatal injuries.  The risk of a pedestrian fatality is less than 10% for collisions at speeds up to
30 km/h, around 20% at 40 km/h and around 50% at 50 km/h, and at least 90% above 70 km/h.  The
limit of acceptability can be interpreted as the vehicle speed where most of the human beings as
pedestrians can survive or not be severely injured.  This point is around 30 km/h (Teichgräber, 1983,
Ashton, 1982, Waltz et al, 1983, Leden and Wramborg, 1999, Calm Street, Svenska
Kommunförbundet, 1998).  For elderly people, the limit may be even lower (Spolander, 2004).

For bicyclists, the limit may be chosen somewhat differently because bicyclists can crash into cars as
well as be hit by cars while pedestrians seldom have reportable crashes as a result of walking into a car.
For bicyclists, there is a 4% risk of a fatality at car speeds below 40 km/h, and a 38% risk at speeds
above 65 km/h.  If a pedestrian or bicyclist is hit by a truck or bus, the fatality risk is high at any speed
(Leden, Gårder and Pulkkinen, 2000).  According to a study by Lefler and Gabler (2004) pedestrians
were found to have a two to three times greater likelihood of dying if struck by a light truck or van than
by a car.

Children also stated that the security had improved at sites where the actual vehicle speeds were
lowered to around 30 km/h (Johansson and Leden, 2004, Johansson, Gårder and Leden, 2003) and the
risk of injury or fatal crash for pedestrians in areas with 30 km/h-streets is significantly lower than in
other traffic environments; in 30 km/h-areas 0.03 pedestrians, 1-64 years old, were injured or killed per
million person passages This can be compared to 0.08 in other urban traffic and 0.11 in non-urban
traffic in Sweden.  For pedestrians older than 64, the risk was higher compared to the younger groups
for each road environment, but still the risk was lower in 30 km/h-zones than at other sites (conclusions
based on data by Gustafsson and Thulin, 2003).

Leden (1989) concluded that a posted speed level of 30 km/h is significantly safer for cycling school
children than a posted speed of 40 or 50 km/h.

One more reason for the necessity that vehicle speeds be kept below 30 km/h is that children under the
age of 12 have been found to have particular problems estimating the speed of oncoming vehicles, and
performing adequate auditory estimates of approaching vehicles’ speeds (MacGregor et al., 1999,
Piaget 1969, presented by Demetre and Lee, 1992, Von Hofsten, 1980 and 1983 presented by Demetre
and Lee, 1992, Foot et al., 1999).  Connely et al. (1998) found that distance gap thresholds remained
constant regardless of vehicle approach speed.

Another reason for the need to reduce vehicle speeds to less than 30 km/h is the unpredictability of
children.  In a study by Jarvis and Van der Molen (presented by Cross, 1988) the unpredictability in the
behavior of young children is the dominating feature in child pedestrian crashes.  Children often run
across streets in front of approaching traffic rather than let it pass.  This is also concluded above, see
conclusions for Hypothesis 4.

Johansson, Gårder and Leden (2004) concluded that a speed level of no more than 30 km/h is needed at
pedestrian and cycle crossings, otherwise the change of code at marked crosswalks implemented in
Sweden in May 2000 deteriorates traffic safety.  For obvious reasons, posted speed limits are limited to
even tens.  Therefore, the main principle proposed here is that vehicle speeds should be no more than
30 km/h wherever children or elderly (regularly) cross streets. There is a lot of other evidence
supporting this conclusion.  First of all, during the studied years no children were killed at speeds lower
than 30 km/h if crashes with heavy traffic are excluded according to Finnish and Swedish crash data
presented above.  As the outcome of crashes when heavy traffic is involved is more or less independent
of the motor vehicle speed, see e.g. Leden, Gårder and Pulkkinen (2000), the countermeasures
presented below have to be trusted to avoid severe crashes with heavy traffic.



11

There are a lot of possible countermeasures that can be implemented to fulfil the principle.  Very
efficient ones are humps and speed cushions, see e.g. results of a meta-analysis of the effect of speed
reducing devices of Elvik and Vaa (2004), who estimated that humps reduce the number of crashes by
48% (95% confidence interval of effectiveness: -54%;-42%).

Countermeasures for children to see and be seen

Sight obstructions usually deteriorates safety, see e.g. Räsänen, Summala and Pasanen (1998).
Conclusions for Hypothesis 4, that children more frequently run into the street than other age groups,
and for Hypothesis 5, that at sites with good sight conditions and low complexity, child pedestrians are
less frequently involved in fatal collisions compared to other age groups, emphasize the need for
countermeasures to be taken to improve sight conditions especially for children.  More children are
killed at sites with bad visibility when related to the approaching speed of the motor vehicle, than older
age groups (when children were killed, sights were obstructed at 60% of the intersections and 36% of
the sections of the roadway).  Below, some best practice countermeasures are mentioned.

- Streets with allowed parking should have curb extensions (chokers) to narrow down the roadway at
pedestrian crossings.

Elvik and Vaa (2004) estimated that curb extensions reduce crashes by about 5% (confidence interval: -
58; +117).  Also, children are more often struck by a car when they are stepping out between parked
cars compared to other age groups; see conclusions for Hypothesis 5b and, e.g. Demetre and Gaffin
(1994).  It is therefore obvious that introducing no-parking zones is more urgent for children than for
other age groups and also more efficient (as small children due to their size sometimes are completely
hidden behind cars).

- Approaches should have only one entry lane since multi-lane approaches create problems especially
for children.  At signalized multi-lane approaches, stop lines should be withdrawn (pulled back) to
improve sight distances.

It is obvious that this type of action is more efficient for children than for other age groups and
therefore also more urgent, as children are more often involved in crashes with overtaking cars at
marked pedestrian crossings across multi-lane streets when another car has stopped to let someone
cross, see conclusions for Hypothesis 5c.

To improve orientation and create clarity

Children below the age of 12 have been found to have particular problems perceiving the direction of
moving traffic (MacGregor et al., 1999, Piaget 1969, presented by Demetre and Lee, 1992, Von
Hofsten, 1980 and 1983 presented by Demetre and Lee, 1992, Foot et al., 1999 and Leden, 1989).

- Move pedestrian and bicycle crossings to (low-speed) mid-block locations to limit the number of
directions vehicles can approach from.

Leden (1989) concludes that interaction and safety for bicycling school children can be improved by
allowing bicycle paths to cross streets with motor traffic on sections between intersections provided
that motor vehicle speeds are acceptable.

- Refuge islands in the middle of streets to prevent overtaking at marked pedestrian crossings and to
make it possible for pedestrians to divide the road crossing task into two stages, where only one
direction of traffic requires attention at each stage.  It also acts as an extra sign making pedestrian and
bicycle crossings more visible for vehicle drivers, especially at night and during winter.

Elvik and Vaa (2004) estimated that refuge islands reduce the number of injury pedestrian crashes by
about 18% (-30;-3).

- Separate signal phases for pedestrians at signal-controlled intersections (such that turning cars are
stopped when pedestrians have their walk phase) or if this is not feasible having the pedestrian signal
phases starting up a few seconds before parallel vehicle phases.
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Leden (1989) concluded that mixed phases where traffic lights showed green for cycling school
children and turning motor vehicles at the same time deteriorate traffic safety.  Elvik and Vaa (2004)
estimated that mixed phases increase the number of injury pedestrian crashes by about 8% (-1; +17).
This problem is less accentuated when pedestrian signal phases start up prior to parallel vehicle phases.
However more research is needed.

7.2 Safe traffic environments for elderly

As earlier stated (Oxley et al., 1997), older pedestrians place themselves at greater risk when crossing
streets with traffic in two directions.  The crossing task should therefore be divided.  The solution can
be a refuge island.  Low vehicle speeds are crucial for elderly pedestrians since they often have limited
sight distances and move slowly and therefore cannot safely cross where vehicles approach at high
speeds.  Marked pedestrian crosswalks are recommended to improve orientation and clarity for persons
with impaired sight (Leden, 2002). Older persons are also more fragile (Spolander, 2004).
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