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Abstract: Schoolchildren road safety has become an important issue for the European Union in
recent periods. This paper is a result of the pilot project "Safety of Pedestrian Children in Primary
School Zones", and a methodology to determine and improve the current state of schoolchildren
road safety developed in the project. The main activities of the project were data collection regarding
children, parent and driver behaviour, routes to school, school buses, illumination, traffic violations,
infrastructure and traffic flow parameters. The data included five elementary schools, such that the
data were compared with road accident statistics in the past, and the visualization was made using
the Kernel Density Estimation methodology. The results will be presented by comparing causes such
as accident density or distance from school with the consequences, giving the probability of children
casualties. The conclusions will provide proposals for further research, assess the level of children
road safety for the stated elementary schools in Zagreb and determine the necessary parameters for
a high-quality evaluation of schoolchildren road safety.
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1.

INTRODUCTION

Road safety represent a key element of road planning and management in urban areas.
Creating a sustainable and efficient road network in urban areas without the primary focus
on vulnerable road users (pedestrians and cyclists) is unacceptable.
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Despite the reduction in the number of deaths in all types of traffic accidents, the
Republic of Croatia is far from developed EU member states in the road safety segment.
The National Road Safety Program of the Republic of Croatia 2011-2020 is the main
strategic document of traffic safety in the Republic of Croatia, with the aim of achieving
a reduction in the number of traffic accidents, especially accidents with fatal
consequences.
Child pedestrians are the most vulnerable road users. The reasons are the unpredictable
behaviour of children, lack of knowledge of traffic regulations and insufficient knowledge
of the traffic environment, their psychophysical characteristics, inadequate road
infrastructure, neglect of drivers, and disregard for traffic regulations.
The Department of Urban Traffic of the Faculty of Traffic Sciences was the leading
partner of the project "Safety of Pedestrian Children in Primary School Zones" co-financed
by the National Traffic Safety Program of the Republic of Croatia 2011-2020. The goal of
the project was to determine the current traffic safety situation for pedestrians in the wider
area of schools in the City of Zagreb and to propose new methodologies aimed at reducing
the number of traffic accidents involving child pedestrians.
The aim of this paper is to show the level of traffic safety summarized on the basis of
the data collected during the project design with the determination of key parameters to
improve the level of traffic safety in the wider school area of the City of Zagreb.
The hypothesis of this paper is the ability to determine the level of traffic safety for
schoolchildren by comparing the number of traffic accidents with child pedestrians, given
the distance travelled from the place of residence to the five analysed schools in the
project.
This paper presents an overview of existing literature on child safety in the vicinity of
the school zone, methodology for collecting and processing data on the level of pupils
traffic safety, results, discussion and conclusion with a proposal for the next research.
2.

REVIEW OF RELEVANT LITERATURE

The data for this paper has been gathered using the "Web of Knowledge" websites
database on which the most relevant scientific papers published around the world are
stored. Papers chosen as relevant for this topic were: “Child pedestrian safety: individual
and environmental correlates of interactions with vehicles at street crossings around
schools and parks” [1], “Redefining the child pedestrian safety paradigm: identifying high
fatality concentrations in urban areas” [2] and “The Six E’s of Active School Travel: How
Active and Safe Routes to School (ASRTS) Programs Across Canada Increase the Number
of Children Walking to School Every Day” [4].
The first paper is based on a study conducted in Montreal, Canada. The paper presents
a comparison of the behaviour of children when crossing the pedestrian crossing near the
school and crossing the pedestrian crossing near the parks. Research shows that children
are far more cautious when crossing the pedestrian crossing near the school than the park.
The paper concludes that it is necessary to ensure an adequate level of pedestrian traffic
safety in the area where a large number of children pedestrian trips can be expected.
The second paper is based on data collected from traffic accidents in six US cities over
a period of 30 years. Paper has shown that the number of traffic accidents involving
children pedestrians is 1.04-2.23 higher if it is a park zone than in the case of a school
zone. The conclusion of this paper is the need for further investigation of traffic accidents
involving children as pedestrians.
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The third paper shows how to develop and apply ASRTS (Active and Safe Routes to
School) in Canada to increase the number of children walking or riding a bicycle from
home to school by removing obstacles that affect their mobility.
Summing up the conclusions from these three scientific papers, the need to determine
the level of safety of traffic for pedestrian children was pointed out, not only in the
narrower area around the school (a band less than 100 or 200 meters from the school), but
also in a wide area around the school. Such a level of traffic safety can detect obstacles
preventing children and parents from walking or cycling from home to school.
3.

METHODOLOGY USED FOR DATA COLLECTION AND
DETERMINING THE LEVEL OF SAFETY FOR SCHOOLCHILDREN

Primary schools were selected based on two elements: the same spatial distribution of
schools and the density of traffic accidents in their zones involving primary school
children. The selected schools based on these data are:
• Primary school I. Kršnjavog;
• Primary school I. Kustošija;
• Primary school Retkovec;
• Primary school Savski gaj;
• Primary school grofa J. Draškovića.
Data collected for the project " Safety of Pedestrian Children in Primary School Zones"
are:
• Locations of all traffic accidents in the City of Zagreb involving child
pedestrians and corresponding parameters of these traffic accidents;
• Behaviour of children, parents and drivers in school zones related to
violations of traffic regulations, collected during field research;
• Routes that children use when traveling from place of residence to school;
• Behaviour and knowledge of traffic regulations and traffic safety, obtained
through surveys of children, parents and drivers;
• Current state of pedestrian, bicycle and road infrastructure;
• Traffic flow parameters;
• Illumination levels in the areas around the school.
Traffic and infrastructure data collected in the wider area of the five primary schools
was not used as a factor for determining the level of pedestrian traffic safety since the
hypothesis of this paper is based on the distance of the traffic accident location involving
child pedestrians from the school location.
Figure 1 shows the locations of five primary schools (marked by yellow-purple stars),
the location of traffic accidents involving children pedestrians (marked with black spots),
and the concentric circles that determine the distance zones of each school. By selecting a
radius of 500 meters for each zone, the optimal number of zones for a radius of 3.000
meters is obtained to describe the impact of the distance to the risk of a traffic accident
involving elementary school children occurring. The reason for choosing a 3.000-meter
radius around the selected schools was determined by the survey conducted in schools,
which found that 88% of children live within that distance from the school. For the other
12% of children living at greater distances, the survey found that they mostly travel to
school with their parents by car.
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A greater number of zones would lead to the grouping of traffic accidents in areas of
short distances from the source of travel, thus reducing the impact of distance that is the
basic paper thesis. A greater number of zones could be taken in the case of the existence
of OD matrices of schoolchildren travel to and from schools, but no such activity has been
carried out within the project and such data does not exist for schools in the City of Zagreb.

Figure 1. Comparation between location of school and traffic accidents with children
pedestrian

The number of traffic accidents in each area of the concise circle represents the number
of traffic accidents due to the distance from the school. The number obtained was
compared with the number of pupils in schools, their average distance travelled from home
to school and the average modal split of their travels.
4.

RESEARCH RESULTS ON SCHOOLCHILDREN TRAFFIC SAFETY
LEVELS

The degree of schoolchildren safety is estimated by the number of traffic accidents,
taking into account the distance from the five primary schools to the number of
schoolchildren walking from home to school. A radius of 3.000 meters was taken, with
the starting point at the school location, and divided into six 500 metric ranges. Table 1
shows the number of school children attending elementary schools, while Figure 2 shows
the modal distribution of travels to schools.
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Table 1. Number of schoolchildren attending studied schools

Primary
Primary
Primary
school I.
school I.
school
Kršnjavog
Kustošija
Retkovec
452
765
760
Total number of schoolchildren:

Primary
school Savski
gaj
948
3739

Primary
school grofa J.
Draškovića
814

1,5%
19,0%
54,5%

25,0%

Walking

Paseenger (car)

Passenger (public transport)

Other modes

Figure 2. Modal split of children in elementary school in the City of Zagreb

Figure 2 shows the modal distribution of children traveling to schools. From this it is
evident that the largest number of children travel to the schools on foot, i.e. 54,5%. Then
followed by public transport with 25%, where mostly older children are attending classes
from the fourth to the eighth grade. The least represented transport mode is a car, with
about 19%.This applies to younger children, who attend grades 1 through 4, most often
traveling with their parents by car. Other modes are poorly represented with only 1.5%,
referring to bicycle trips, romobil, etc. Such modes are more prevalent in older children.

12,5%
30,0%

Less than 1 kilometer

57,5%

Between 1 and 3 kilometers

More than 3 kilometers

Figure 3. Length between elementary school and place of living
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From survey data, it is apparent that almost 88% of children travel to school on
distances up to 3.000 meters. Because of the high percentage of travel on these distances,
a radius of 3.000 meters was taken to assess the safety of children in traffic. When taking
into account 2.038 children traveling to the school on foot and the percentage traveling on
distances up to 3 km, it is estimated that around 1.783 children travel by foot within these
distances daily.

Figure 4. Number of traffic accidents regarding to distance from school

Data processing in GIS (Geographic information system) provides an overview of
traffic accidents in school zones. From this data, Figure 4 shows the number of traffic
accidents by distance from the school, concentrically every 500 meters. It is apparent from
the data that the total number of accidents at the distance of up to 3.000 meters in which
pedestrian children took part was 112.
It is apparent from the data that about 24% of traffic accidents occur within a radius of
500m from the school, and approximately 13% in the radius between 500 and 1.000m
from the school. Most children living at those distance from the school said they walked
every day to school.
Also, the risk of accidents is very high at distances of 1.000 to 2.500 meters from the
school, where 17 to 23 percent of traffic accidents involving children pedestrians occur.
At a distance of 2.500 to 3.000 meters from the school there is a noticeable drop in the
number of accidents, however it is logical because the share of pedestrian children is
declining, and other modes of transport are more represented. It should be taken that
children, especially younger (1st to 4th grade), if traveling at distances higher than those
mentioned above, travel to school with their parents, usually by car.

Figure 5. Density of traffic accidents in school zones
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Figure 5 shows the density of traffic accidents due to the distance traveled. The graph
shows that the traffic accident frequency is higher the shorter the distance is, while with
increasing the distance from schools the density of traffic accidents drops. This
information is understandable given that children traveling on longer distances also
participate in traffic accidents at short distances.
5.

DISCUSSION OF RESULTS

The data calculated and presented in numerical form represent a high degree of
correlation between the locations of traffic accidents involving children as pedestrians and
schools.
The total number of school children in all primary schools is 3.739. From the data
shown in Figure 2, 56% of children travel to the schools on foot, so we can estimate that
around 2.094 schoolchildren daily walk to schools. Figure 3 shows the distance between
the place of residence and the school on which children travel daily.
By analysing the number of accidents with school children traveling to or from the
school in 6 predefined ranges (every 500 meters), if the distance is higher, this does not
mean that the number of accidents will decrease. Only after 2.500 meters there is a
noticeable reduction in the number of accidents, but it must be considered that those same
children were involved in accidents at smaller radius of 2.500 meters from schools. By
increasing the distance travelled from the place of residence or school, pedestrians will
face a much more potentially dangerous traffic situation.
In order to get information about the risk to children who are walking to and from
school within a 3-kilometer radius, the number of traffic accidents and children using
pedestrian infrastructure were taken.
Children traveling on foot, by bicycle and by public transport are taken into account
(part of the trip is done by walking). Based on the data collected, it was concluded that out
of a total of 3.739 children attending school, 2.650 walk to school, at least in some travel
segment. When comparing this figure with the number of traffic accidents involving child
pedestrians, it was found that almost every 24th child participated in a traffic accident in
a period of three years, i.e. 4,23% of children.
The data indicate a high level of risk for children walking to school to get involved in
a car accident. Reasons for this may be inadequate pedestrian and road infrastructure, noncompliance with traffic regulations, and a large number of cars in school zones.
6.

CONCLUSION

The analysis of traffic accidents of schoolchildren was based on the data collected
during the project “Safety of Pedestrian Children in Primary School Zones”. The data
presented by the KDI methodology show which areas of the five primary schools in the
City of Zagreb are most dangerous for pedestrian children. In this paper there is a certain
level of traffic safety based on the distance between schools and the location of traffic
accidents involving child pedestrians.
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The established level of traffic safety for the five primary schools is the first step to
determine the real causes of traffic accidents. After determining the current traffic safety
situation and dangerous sites for pedestrians in school zones, it is necessary to react to
reduce them or, if possible, reduce them. Methodology can be applied in cases where there
are available information’s on the number of children in schools, on residential locations
depending on the locations of schools, and available information on traffic accidents
involving pedestrian children in school zones. The application of this methodology serves
to assess the safety of pedestrian children safety in primary school zones, which can
answer the question of whether there is a correlation between the number of accidents and
the distance travelled by pedestrian children.
One of the solutions to increasing the safety level in school areas for children traveling
on foot is the introduction of the previously mentioned concept of safe routes. The concept
of safe routes was created in American cities and spread very rapidly across the cities of
Canada. Today, the introduction of such a concept is increasingly visible in European
cities. It is a concept where, based on the data on the routes of movement of children when
travelling to schools and traffic accident data, dangerous places for pedestrians are
established. To help children reach schools with an increased degree of safety, a document
that serves as a landmark for children and parents, warns them of traffic hazards and offers
them routes with the least traffic loads, minimizes the number of crossings to reduce the
number of possible collisions of vehicles on children, and direct them to routes that have
a high degree of infrastructure quality. Such a document combined with the education of
children and parents shows very good results in terms of traffic safety.
For a larger resolution analysis, it is necessary to collect and produce a more detailed
and better database, with data on sources and travel destinations (OD matrices), so that
travel can be divided according to the planned distance travelled by children.
As a next step, it is necessary to study journeys taking place at distances greater than
3 kilometres from the school, and traffic incidents that occur at those distances. It is also
necessary to consider the reasons for choosing a particular travel mode and the impact of
traffic density, barriers and other factors affecting traffic safety.
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