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Abstract

Child pedestrian safety is one of the biggest safety issues regarding planning of a well arranged 
urban traffic. The fact that vulnerable road users suffer most from traffic incidents also raises 
concern for children. Children need special care while considering traffic safety. The factors 
are various that they differ from adults by many aspects. For their physically smaller size, 
immature ability to judge the traffic situations, lack of experience about traffic and mental 
deficiencies like losing concentration after short periods, they are much more susceptible to the 
traffic hazards than adults. Various studies have been carried and many applications regarding 
child and school pedestrian safety worldwide and the most hazardous periods were found as 
afternoon hours. Age factor generally is flexible but as the child grows older, mobility 
increases and risks become larger. The risk factors also include the social and economical 
environment that children living in good life standards suffer less than those are not. Education 
is also crucial on adopting the sense of road safety on children’s perspective. Simulation based 
studies have proved to be effective in order to draw child’s attention to the subject, however it 
should be combined with field trips to gain a more realistic and solid idea about the matter. 
Besides, engineering measures rise up as another milestone where roadside and land use 
planning is important. Traffic calming measures have proved to be effective to warn road users 
and thus form a safer traffic environment for children. Special applications for school zones 
such as flashing lights, narrowed crossways or 30km/h areas have been effective. The case 
study concerns the evaluation of child pedestrian safety in the vicinities of various accidents 
previously happened in Norrköping. Two methods were used to examine the degree of safety 
for the places of incidents. For locations near an intersection, road safety audit and traffic 
conflicts technique were applied, while, for the incident points along streets, only road safety 
audit technique was used. It is stated that, because of the multivariable aspect of the problem, 
collective application of various safety evaluation solutions would give better idea on the risk 
of the location and possible improvements for the future.

Keywords: Child pedestrian safety, RSA, conflict technique, traffic safety, road safety
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GLOSSARY

BAC : Blood Alcohol Concentration, which is concentration of alcohol
                                   in   blood stream and is often expressed as mass/volume

CARE : A charity organization working in 69 countries to help the poor 
                                   and those in need for survival

Casualty : Someone being injured or killed in an accident

Chicane : A non-straight designed roadside to warn and slow drivers

Countermeasure : Methods or solutions brought to improve or achieve desired 
                                    characteristics like safety etc.

Divided road : Roadside with a median or refuge in the middle that separates 
                both direction of lanes

EEVC : European Enhanced Vehicle Safety Committee, a constitution 
   making research on the motor vehicle basis to improve and    

                          evaluate safety

EU : European Union

EuroNCAP : European New Car Assessment Program, a constitution   
                                  testing and ranking recent production cars under certain 
                                  categories and criteria

Fatality : A case of death which results from an accident or a disaster

FORS : Federal Office of Road Safety in Australia

Injury : Any physical damage to the body caused by violence or 
                                  accident

Kerb : An edge between a pavement and a roadway consisting of a 
                                  line of kerb stones

Motorist : Someone who drives (or travels in) an automobile

NHTSA : National Highway Traffic Safety Administration

Overspeeding : Driving at a too high speed or above the posted limits in a 
                                  particular area, in a way which brings hazard

Park city : In-city dwelling type which is surrounded by certain arteries  
                                    and has its own social, educational and residential zones   
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                                    including no roads with heavy traffic

Pedestrian : A person in the traffic environment who travels by foot

Road user : Members in the traffic network that share the traffiğc 
                                  environment such as drivers, pedestrians, cyclists, or two-
                                   wheel riders

Speed hump : Barrier located transversely on roadside to hinder high speed 
                                   of vehicles

RSA : Road Safety Audit

STRADA : Swedish Traffic Accident Data Acquisition

Toddler : A young child

UK : United Kingdom

USA : United States of America

Zebra cross : Pedestrian cross way painted as black white stripes on a 
                                   street or at junctions
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1. INTRODUCTION
Rising population and need for mobility emphasizes need for safety on roads. Mobility both on 
rural and urban roads, together with increasing number of travel patterns, is affecting road users 
at a higher grade. Vulnerable road users especially children are of those suffering more than 
other traffic members. Child safety is a significant title of concern because of special 
parameters and situations other than adult road users. Children, in both mental and physical 
way, need more care and show less attention compared to adults on streets. Basically, children 
have the highest need to explore the environment around, discover the flow and characteristics 
of life. On the other hand, special and extra attention must be paid while examining a child 
related title. The subject is a big problem in many societies especially developing countries. 
However, developed and civilized countries also suffer from child pedestrian incidents on the 
road side as well as other  non-intensional child injuries. The sense, together with continuous 
education should be a part of the public attention and knowledge to maintain a safe and 
desirable environment. The paper focuses on a sample approach to examine and help improve a
“children-friendly” environment in the Norrköping city of Sweden who is one of world’s 
leading countries in terms of road safety.

1.1. BACKGROUND
Children actively exist in traffic. As they are open to behavioral change, road safety education 
would be a major factor to improve a good sense of road behavior. A child-oriented attitude 
will be more beneficial in terms of highlighting the awareness of the subject. During the growth 
line of a child, interactions with family are replaced with that of peer group so early education 
is stated important to build a base. 

There should be the environment where children could travel home and school in a secure way 
where traffic safety is the main solution here. This is also necessary for their need of playing, 
learning and enjoying the outer world freely. However, there are factors affecting the chance of 
this freedom. Parental sufficiency and social conditions have important effect here. Other 
parental factors may emerge as taking children to school by car which is often disapproved by 
authorities that they cause crash risk, pollution and lower chance of movement for children 
who may experience several diseases without exercise as stated by research. A healthy and 
efficient growth needs both promoting children to walk and play freely and letting them to find 
the suitable and safe place as well. This sense should not only be a responsibility for the family 
but also public should be adequately knowledged. 

Child pedestrian safety is also a serious concern at road and urban planning. Physical and 
infrastructural modifications like spacious pavements, building zebra-cross ways, and other 
similar calming methods are best benefited as they are established comprehensively for entire 
road users. Child behavior acts greatly here that their travel is more open to interruption. A 
child is unable to retain concentration for long durations compared to an adult who can 
preserve attention during the time active traffic. 
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Enforcement and legal regulations are also complementary on ensuring child safety as 
pedestrians. Speed limitations and traffic regulations at local scale are examples to this subtitle 
[1].

1.1.1. ROAD SAFETY
Traffic safety is the whole activities and regulations to maintain a safer environment for those 
using the roads in an out of the city. For that inside the city has a more active running cycle of 
movements, greater attention should be given to interactions between motorized and non-
motorized road users [4]. 
Road safety is the important topic when it comes to mobility of goods and persons. It includes 
driver and pedestrian perception merited with nationally adopted safety standards. Being stated, 
It is known that one of the biggest health problems in the society is the traffic accidents [3].

It is reported that road accidents are the main factor acting in the death of people in the 
European Union who are up to 45 years old. Most of the accidents are caused by at least one 
traffic violence. It is also mentioned that crashes overall, add up to a cost of 160 billion euros
[4].

It is reported that roadside crashes make up one of the most important health related problems. 
Also reported that as a consequence of road crashes, 1.2 million population lose lives and at 
least 20 million get wounded as annual data. World Health Organization (WHO) notes that 
around a 85 percentile of roadside collisions take place in countries of lower financial gain. 
Also in those countries there is lack of medical treatment facilities for those injured. WHO alsa 
cites that assessment of economy, health and socially related expenses for the roadside crashes 
let us realise the severity of the danger and the need for bringing and adapting counterneasures. 
In countries of lower financial gain, the value of the crashes is estimated to correspond to 1% 
of the total nationwide income. For those with mid-level financial income, the rate is 1.5% and 
for those with high financial gain, becomes 2% [5]. 

In order to make a safe and optimum balance between the two groups and in general, traffic 
safety brings regulations some of which are examined mainly under, speeding, drink driving, 
drug use, seat belt use and vulnerable road user safety. 

Speeding: It is noted that over speeding stands as the biggest reason in terms of accident 
likelihood. The accident intensity caused by irregular or high speed is denoted as a significant 
safety warning. Rise in vehicle speed contributes to the incident likelihood and intensity.  
Alcohol: Even though drink driving is not so often, the outcome hazard is quite high. 
Concerning EU, the car trips have a 3% percentage of non-allowed blood alcohol concentration 
(BAC) however the injury rate of the driver because of alcohol is 30%. 
Drugs: The failure or miss operation in the driving process can also be put down to physical 
condition and use of known drugs. 
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Seatbelt Use: It is known that seat belt use is compulsory for the driver and front passenger seat 
in Europe. Despite this regulation, degree of conforming this rule changes in different 
countries. In some countries rear belt usage is also mandatory. It is reported that the usage rate 
of front seat belts in EU in 1996 was around 80% [4]. 

Regarding the vulnerable road users, their most hazardous activity is to cross the street. 
According to Transport Research Center (AVV) in Netherlands, the percentage of pedestrian 
deaths happened during the crossing. It is also noted that the biggest share belonged to 
individual cars and heavy good carriers. Among these death cases, rate of those using a zebra 
crossing was 25%. Considering death rates for older pedestrians, %75 fall in the group who 
were crossing the street. Obviously one of the highest threatened groups is children. Children 
are non-adult humans often neglected. Especially in poor countries, child education and 
infrastructure based measures are missing. Road safety is one big important issue in 
transportation engineering concept and most of the active traffic flow takes place in urban areas
where more people are under risk. So, traffic safety should also care more about vulnerable 
road users such as cyclists or pedestrians. Among these road users, children and school 
pedestrians are the proportion of road users who are in need for more care and attention while 
using the traffic environment.

Considering hospitalization, children younger than 11 years make up the majority group. 
Danger for children is so high that they are under as much danger as pedestrians over 75 years
[6]. 

1.2. AIM AND RESEARCH QUESTIONS
The purpose of this study is to investigate the criteria acting on safety of children as pedestrians
in urbanized areas. In the study, the target group is defined as children between 0-15 age group. 
The paper explains the problem in a broad term of children but in practical study, school 
children were taken as evaluation group. Research aims to define risk factors by conducting a 
literature study where various practices from different countries including low income 
countries. Study solutions so far and common risks help to build a model to evaluate a possible
safety study scenario. The model is then aimed to evaluate practices in the selected city. The 
Norrköping city is chosen as host location to test the criteria and make an evaluation.

The study includes a series of research steps. The topic with the traffic and pedestrian safety is 
a wide subject that in this paper topic is narrowed down to children and school pedestrians’. 
For that reason the study process has been grouped under several research questions. 

The first research question:
What is the role of vulnerable road users as pedestrians in traffic safety?
The second research question:
How serious is the child pedestrian safety problem?
The third research question:
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What are the common risk factors to child&school pedestrians?
The fourth research question:
What are worldwide studies and practices to improve child pedestrian safety?
The fifth research question:
What are the common problems and good practices in developing countries?
The sixth research question:
What level of good practices are currently present in the city of Norrköping?
The seventh research question:
How could the child pedestrian safety and risks be measured by using different techniques?

2. METHODOLOGY AND STUDY DESIGN
2.1. Method
The study structure is conducted and presented in two main parts as theoretical and practical 
parts followed by a concluding section. At the beginning of the study the subject was 
introduced with transportation and road safety topics and related to the aim of child pedestrian 
safety. Then the concept was supported with literature to extract problem factors and results. 
The further literature included up to date research to improve child pedestrian safety in various 
aspects in different locations around the world. The findings and reputable solutions are also 
included in a section summary. Depending on the data in hand a model is defined by help of 
the criteria in the theory part. The model is then applied to real situation and evaluated upon 
which conclusions are stated. The study can be briefly sketched as the stages shown in Figure
1.

                                                Figure 1: Study Method

2.2. Theory
The study concerned with theoretical background of child pedestrian hazards by presenting 
statistical data on accident types and risk groups which was followed by previously done 
research. Both sections are described by a concluding summary defining the main findings to 
identify risks, problems, and solutions.

Introduction

Theory&Statistics

Parameters

Model

Evaluation

Results
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2.2.1. Stage 1
The first section of the theory part was designed as the literature review. The initial part is 
intended to give a background of the problem by beginning with the problems involved in 
vulnerable road users and pedestrians in general. An international comparison is done to see 
general failures and disabilities that lead to lack of child pedestrian safety, by indicating good 
and bad practices from developing countries. 

2.2.2. Stage 2
The next part includes statistical data on child pedestrian collisions and the severity of the 
subject is presented by various statistical examples from different studies. Following that, most 
common hazards have been identified by scanning various research. These risk factors are then 
summarized in a sketch under various risk groups. 

2.2.3. Stage 3
The third and last part of the literature review was designed as research based on improvements 
in children’s position as pedestrians in traffic. The research practices and findings were 
grouped under various types such as education and engineering and presented. Finally, the
studies were summarized in a tabular view with their location data, problems, suggested 
solutions and resultant effects.

2.3. Practice
The practical part concerns field studies on various locations in the city of Norrköping. 
Regarding the surveys, locations of elementary schools were selected for examining elementary 
school students in their school hours. Besides, children’s play gardens were also considered as 
a main parameter in terms of child pedestrian safety. The places of green areas, residential 
zones were visited and evaluated.

2.3.1. Stage 1
The first stage was the data collection for the future observations. Norrköping Municipality was 
visited and interviews were made on traffic planning, children’s play gardens, and 
infrastructural changes for three school locations in the city. Project print-outs were obtained 
with necessary documentation. Accident reports generated by STRADA were collected to be 
used in analyzing by Road Safety Audit. The municipality was also visited several times during 
the progress of the study. Schools where physical changes were to be made were visited and 
documentation regarding traffic safety was collected. 

2.3.2. Stage 2
According to the projects and descriptions obtained, results on infrastructural changes in the 
school vicinity for three locations have been mentioned in tables. Officials from the same 
schools were also interviewed in order to get information on traffic safety education.
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2.3.3. Stage 3
Land use was studied by means of documentation collected from the municipality. The 
residential settlements were examined for Norrköping and visited. Observation results together 
with comments and other geographical data was described. 

2.3.4. Stage 4
The last stage was the evaluation of the accident points in the city. Accident reports obtained 
from STRADA database were used. Child pedestrian related crashes between years 2000 and 
2008 were considered including ages 0-15. Accidents were examined and expressed in charts 
based on time and age. Four accidents were picked to apply RSA and conflicts technique to 
assess accident risk and come up with traffic safety solutions. Four locations were examined 
with the RSA technique where observations and possible suggestions were made. Two out of 
four locations were also examined with conflicts technique for they were junctions. The 
remaining locations were streets so they werenot considered in the conflicts study. In the 
junctions, traffic activity on the intersections was recorded by a video camera during peak 
hours (7.00am to 9.00am for Finspångsgatan & 3.30pm to 5.30pm for Skarphagsleden). The 
videos were watched thoroughly and by means of project print-outs of junctions, speed and 
distance values were recorded by using a chronometer. The distance between the vehicles as 
evasive action was taken and speed at the same time were recorded on pre-sketched sheets to 
help find TA (Time to Accident) values (see Appendix). 

3. LITERATURE REVIEW
3.1. INTRODUCTION
In this section, a general overview of vulnerable road users is given and among them, 
pedestrians are highlighted. As next step, child pedestrians, an overlook to the situation is 
presented with common factors leading child pedestrian related crashes. Studies regarding 
prevention of these collisions are stated and finally risks and solution practices are summarized 
at the end of the section.

3.2. VULNERABLE ROAD USERS
The group of road users who are under the biggest danger on roads are named as vulnerable 
road users. In meaning, they have the least protection compared to vehicle drivers for instance. 
Among them are pedestrians, motorcycle or moped riders, or cyclists for the reason that they 
would need more care and have more trauma risk at the time of any crash. This brings about 
more need of being protected for them. However, pedestrians and cyclists make up a safe 
proportion of the vulnerable road users, moped or motorcycle riders pose a bigegr danger to all 
other road users. Consequently, it is cited by the professionals that pedestrians and bicyclers are 
main subject to the term “vulnerable” [7].

Among pedestrians, the two fore coming groups are the elderly and children. Children 
especially fall into the “vulnerable“group for they are not completely well enough to handle 
traffic safely for the reason that their growing lets adapt traffic awareness at a gradual pace. In 
this way, in terms of life risk the first ten – eleven years are of great concern. There is danger 
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for them anywhere having high amount of vehicle traffic, lack of or poor vision or drivers who 
care more about the cars around instead of vulnerable road users. It is noted that even though 
children have better recovery rate than a mature human, it is almost impossible to guess the 
severity of the shocking effect caused by a collision in traffic environment. It is noted that 
protecting children does not only depend on their good behavior but also policy makers are 
responsible for the safety issues to warrant secure pedestrian walking on and around roadside 
also by enforcing vehicles [7]. 

3.3. PEDESTRIANS
The meaning of the pedestrian according to the member countries of OECD, is someone who
uses feet for movement or carries a baby car or wheelchair, or travels by cycling or riding two 
wheeler vehicle. According to the Wisconsin Community, a pedestrian is:

“Any person afoot or any person in a wheelchair, either manually or 
mechanically propelled, or other low-powered, mechanically propelled 
vehicle designed specifically for use by a physically disabled person.” [8]

There ara also other countries which accepts skaters as pedestrians as well. Considering those, 
pedestrians can be said to be a mixed community of people using the road. Some other threats 
for the pedestrians are the polluted air especially in the peak hours, deficiency of the road size 
by existence of dog walkers or skaters or those out for shopping near stores on the sidewalk [7]. 
It is noted that drives and pedestrians can separately pose danger on crossways. Factors such as 
hazardous pedestrian movement, reckless actions, or insobriety can add to danger for being hit 
by the vehicle. Furthermore, negative effects like precipitation or lack of daylight together can 
improve hazard for the road environment. Lack of daylight and rain are reported to be strong 
factors in terms of crash history. 

The Table 1 below is the representation of the fatalities distributed by daylight within the one 
day period. From the picture it is seen that UK, Denmark and Sweden are the prominent 
northern countries where fatalities mostly occur during the dark period of the day so this gives 
an idea of need for illumination or special care during such hours.

Table 1: Pedestrian fatality rates by amount of daylight by country, 2004 (Source: ETSC )
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Another main reason is cited as overspeeding [4]. Figure 2 below shows a breakdown picture 
of the fatality distribution among various road user groups. From the picture it is seen that 
pedestrians have the second highest fatality rate after cars in the traffic environment.

Figure 2: Diagram showing fatality groups (%) in Europe, 1994 (Source: Noordzij, P.C.,Forke, 
E) [9]

The Figure 3 below also represents the occurrence of pedestrian accidents in EU by comparing 
months of the year. As can be seen, pedestrians experience fatality especially in winter periods 
which would give us an idea on poor visibility and darkness during the day.

Figure 3: Pedestrian fatalities and total fatalities by month in EU 2004 [10] (Source: European 
Road Safety Observatory)

Figure 4 shows the trend of fatality cases as pedestrian age versus severity per value-million
population. The rightmost edge indicates that older pedestrians pose a fatality rate after the age 
65 and greater which could be attributed to loss of perception capability and quickness. The 
rates are even lower around age 80. Also in the early times of the age span, after age 10 the 
fatality trend makes a steep jump up which indicates the children’s risk [3].
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Figure 4: Approximate trend for fatality rates’ relation of age and severity [3] (Source: Evans, 
L)

3.3.1. HOW IS THE PEDESTRIAN BEHAVIOR?
When we consider the pedestrian motion generally, we see that there is no certain alignment 
pattern for it. Their movement is often unable to be underestimated for they have various 
patterns of motions like walking with various speeds, carrying baby cars, etc. This character of 
them is stated as a possible reason for an unexpected risk [7]. 

The act of a pedestrian’s street crossing in a junction consists of activities; anticipation, 
sensing, detecting, cognition, choosing, action and reacting processes. Given an intersection 
with signalization, visibility and sensing color stand as the primary progressive abilities needed 
to perform a secure crossing through the road surface [11]. 

Walking activity can be classified in three groups as work trips, school trips and free time 
activity trips.  During the time people are on way for work, always the closest path is chosen by 
the work goers. They are also good at conforming the traffic regulations. One risk is that 
shortest route means dismissing crosswalks, and if the traffic light phase is extra long they tend 
to disobey the red light rule. The disobey rate increases when the path is an everyday route.
People whose aim is to do exercise tend to pick the most secure route to make their journey last 
long. Talking among each other during active traffic weakens people’s concentration. During 
the play time of children, they always have the risk for jumping out to the roadside or nearby. 
Older pedestrians have poorer sense of reacting and perceiving which makes their journey hard 
to handle different hazardous traffic positions.

As a summary, It is noted that pedestrians do not pose as much conformity to traffic regulations 
as drivers do. While people have the right of walking, they are also supposed to conform to 
regulations. For instance, disobeying the traffic signalizations exist also in places where 
forbidden. The primary reason is estimated that the road surroundings and settlement is 

Pedestrian age, years
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designed in accordance with only the motorists, taking for granted that pedestrians agree on 
waiting for traffic lights or they can walk a long distance to cross the street. On the other hand, 
for instance considering Japan, the rate of pedestrian factor in accident is solely 15%. The most 
often cause is cited as rushing into the roadside, make crossing very close to vehicle bumpers 
disregarding the lights [7]. 

In a study carried by Corben & Diamantopoulou (1996), analysis and design critera for 
possible improvements in pedestrian safey in Victoria, Australia was studied. Traffic situation 
was taken from 58 various problem bearing stretches, being observed and studied during a 
seven year interval. According to the survey, collisions regarding pedestrians mainly take place 
on arteries without divided paths (Struik, 1988). According to the outcome, main realities come 
up as follows; 

 An obviously large rate of collisions happen as mid block crashes by 53% rather than 
junctions by 46%.

 Collisions regarding pedestrians happened in places without traffic controlling by 
75%. However, 7% accounts for crashes at signalized locations for pedestrians.

 Zones of residence posed a higher rate of pedestrian based collisions by 23% than the 
entire locations by 13%.

 Number of crashes with right-side impact while crossing was double the frequency of 
those with left-side impact –considering left lane flow- the accidents can be said to 
happen within the first half-distance of the crossing path.

 Collisions happened at at greater extent on Fridays compared to other days
 Considering the arteries, stationary vehicles often were stated as problem as they 

blocked both driver and pedestrian visibility while moving into the roadside from 
among parked vehicles.

 As stated, weekdays and afternoon intervals pose the greatest risk for accident 
likelihood.

 Around 33% of the crashes are cited to happen at hours of darkness. 
 As stated in certain zones trams acted serious role in collision during get on/off or by 

being hit by a tram. 
 Pedestrians tend to choose the closest path to make crossing and reach their 

destination. 
 Collisions on signalized junctions mostly were caused by not conforming to the light 

sessions. 
 Fast cars lower the time for the pedestrian to run away, and they bring danger to 

human life.
 Roadside elements and markings lead to increase in accident likelihood if they have 

lost quality being old enough or having lost their visibility. Roadside surface is 
hazardous if the friction capability is lost as well. [12]
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3.4. CHILD PEDESTRIAN SAFETY
It is clearly stated that child pedestrian trips between school and home is indeed a critical and 
complicated activity. Every means of transport is cited to come with its own causes of risk. 
This risk depends on local municipalities, schools and also being stated, transferring from one 
means to another means of travel has also effect on the context of safety in various residential 
settlements [56]. People, in general, aging under sixteen are stated as child pedestrians [66].

Children and school pedestrian’s safety calls great attention in many aspects of public life. For 
that children require special care in traffic all members of road users should have a well 
adopted sense of traffic behavior towards children. While vulnerable road users need care in 
traffic, it is pointed that special care should be given to children as pedestrians in many ways. It 
is clear that both physical and mental traumas could bring more damage to the child than an 
adult. National authorities and universities have regularly assisted studies concerning child 
safety and we can say that the overall study of child pedestrians cannot be concluded by fixed 
standard instructions for the regulations and statistics often differ from country to country and 
degree of urbanization.

The main trouble with children in traffic can be listed roughly as follows:

 Disability to be seen easily by motorists
 Ability to dash out into the street abruptly and have less control over their movements.
 Being continuously in action while in street.
 Experiencing trouble at sensing the direction of the sound 
 Not being good at perceiving vehicle speed.
 Having limited period of concentration and not focusing on more than one thing at the 

same time. 
 Paying attention especially on what lies ahead of them, causing “head turns” problem
 Having also poor concentration when with other pupils [13]

According to a study report from USA, more than 70% of all the casualties are reported to be 
traffic associated. It is cited by the committee that there is higher risk for younger children 
concerning pedestrian related fatalities. The fatality rate for children under age 9 is 20% more 
than those between ages 10 and 14. It is reported that fatality rate is higher among males than 
females which is around 57% of the total [14].

According to Australian Transport Safety Bureau, after the age of 7, there is a fall in number of 
fatalities which is attributed to children’s gaining traffic related knowledge. On the contrary, 
there is an upward trend after age of 11 which is attributed to increase in number of collective 
transit modes [15]. This calls a possible attention for their route planning within the way back 
home or vice versa.

We can further classify children according to age groups in order to get an idea of their travel 
length and area of activity. It is cited that only when assisted by an adult do children go for 
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walking out of their vicinity. The time for their walking alone is stated to begin with school 
years. For children of higher age, going on foot or cycling is preferred. This age group is stated 
to use a wider portion of the environment surrounding them. It is cited that children begin to 
form a complete sensing ability on traffic and build up a “database” for traffic regulations 
around age 10, before when, they are cited as unable to handle complicated traffic positions 
and may confuse the actual world “scenes” with imaginary thinking. [7]

                       
3.4.1. THE PROBLEM AND IMPORTANCE
The child pedestrian safety title is of great concern for many aspects. The main concern with 
the children is that they are far different than adults in behavior, thinking and many other 
sights. A child’s perception of a heading car on his way is much poorer compared to an adult. 
Similarly, their sensing disability causes lack of understanding of the way of the sound of a 
vehicle. A child thinks that if he/she looks at the driver, the driver will certainly see him/her at 
that moment. Also they think that a vehicle can suddenly stop if there is the need, without 
knowing the complex situation of braking or trying to think as a driver. All those statements 
show children’s insufficient cognition mechanism to their environment which is a natural 
outcome of growth. According to another aspect, childhood is stated as a period when people 
tend to behave in freedom as an outcome of growth. This “freedom” is also supported by 
parents but leaving the child always alone is stated as wrong. It is noted that a little number of 
children are able to cop with traffic under age 10, in a safe way [55]. It is noted that people 
from numerous fields have carried studies and given effort for child pedestrian fatalities. 
Although fields like city planning, child development, vehicle production, and engineering 
have tried a lot, the problem is stated to be still complex and need more care in all aspects 
covering social sights also [54]. The Figure 5 shows a photo after a truck hit a child while 
turning fast on the road. The situation shows the severity of a possible child injury and why 
strict measures are definitely needed for child safety on roads. The measures should include 
multiple aspects. It is cited that road safety should be paid attention by concern for each school, 
parents and regional school community members [57]. It is reported that rate of entire 
collisions related to child pedestrians existing on motorways are 10% of the total road accidents 
[21]. 

Figure 5: A child accident in situ survey (Source: Source: Schieber,R., A. Vegega, M, E.)
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It is cited that in the EU, damage in traffic to pedestrians cover 15% of total deaths occurring in 
traffic. It is stated that biggest risk counts for those older than 55 and younger than 12 which 
emphasizes the importance on children [30]. It is known that in public life, children make up 
the group of people who are most unprotected and are often in continuous movement. It is also 
wide studied that involving in a car accident is one of the foremost factors leading the fatality 
and damage of children. The biggest risk group is the children between ages 5 to 9, and they 
fall in danger in their home vicinity.

It is expressed that children own limited knowledge and recognition of traffic hazards. Their 
behavior of approach is often abrupt without forethought like taking time to evaluate safe 
conditions around. Another point is cited that they have lack of sense to perceive car speeds 
towards them. Paralelly, drivers experience visual difficulty in seeing them. The first thing to 
do is cited that adults should pay individual attention to impose good traffic behavior and 
approach of decision during the hours in traffic. It is noted that guidance along the age 9 is of 
great importance. 

The responsibility on children’s safety is also stated to be on the drivers’ side. The basic driver 
attitudes are reducing speed in areas of school settlement, parks and recreational areas, or 
anywhere in the vicinity with child population. An example to that are parents who take their 
children to school by car. While they are concentrated on own child, other commuting 
pedestrian children may be neglected by them thus cause risk. The situation is similar for 
school buses which will be touched in later chapter [16].

Finally, children are subject to great risk in terms of pedestrian casualties in various aspects. If 
we sum up the general attention points we can list some statements as follows:

 Children are little sized which is trouble for being seen by motorists in traffic, 
particularly when they are waiting among parked vehicles around the border of the 
road.

 When younger, children in most cases cannot analyze distance to and speed of a car 
precisely which is crucial on deciding the traffic conditions’ sufficiency of safety when 
crossing the street for instance. 

 Parents may think that their children would perform better in a traffic environment then 
he/she really is. However, most children going to elementary school are unable to 
recognize traffic signals and judge motorist behavior enough.

 One more common failure is that both sides as children and motorists suppose that the 
opposite part will probably give way.
[17]
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Figure 6: Pedestrian deaths of 2005
Figure 7: Pedestrian injuries of 2005 (Adapted) by NHTSA,Center for statistics [18] (Source: 
NHTSA)

The Figures 6 and Figure 7 above express the risk groups in pedestrians for both those killed 
and injured. In the first figure the number of injuries makes a peak at the interval of 16-20 age 
group starting to jump after around age 9. The trend in fatalities also looks almost the same.

3.4.2. INTERNATIONAL COMPARISON IN DEVELOPING COUNTRIES
3.4.2.a. Background
According to studies by Downing (1991&1993), child pedestrian fatalities up to age 15 account 
for 20% of total deaths in traffic collisions in developing countries [50]. It is stated that 
developing countries account for 75% of the raodside crashes although they make a 32% of the 
entire vehicle motor population. It is noted that child pedestrian casualties is one of the most 
significant fatality factors in developing countries. It is also noted that roadside collisions in 
Asia and Africa have posed a 300% rise over the last couple of ten years while there was a 30% 
rise on the developed countries’ side. It is also noted that despite having similar roadside 
vicinities, risk may vary from one country from another where, this time the local policies, 
legislations, physical conditions and arrangement of the road, and road user behavior of 
children and motorists should be factors to be focused [48]. It is also stated that because of lack 
of school attendance in some countries, public campaigns should be promoted [50]. 

3.4.2.b. Pedestrians and Children
It is stated that pedestrians in developing countries are a significant fatality suffering group. In 
Africa, pedestrian fatalities account for at least 40% of entire road collisions. This rate is at 
least 50% in the Middle East. The same rate is 20% when we consider USA and Europe. 
Downing and Sayer (1982&1981) cited that the collisions are caused by lack of education both 
by the driver and pedestrians. Below, Table 2. shows the percentage distribution of drivers 
intending to stop as pedestrians are about to cross. Cairo (Egypt), Karachi (Pakistan), and 
Surabaya (Eastern Java) are the three worst cases with 1 and less than 1 drivers yielding way to 
pedestrians. In Table 3, Egypt and Pakistan are compared in terms of safety task performed by 
pedestrians. As can be seen,  Pakistan performs better than Egypt. 
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Table 2-3: 2) Percent rate of drivers who intend to stop while approaching pedestrians 3) Per 
cent rate of pedestrians performing safety tasks. (Source: Transport Research Laboratory, UK)

In a study conducted in India on 787 students concerning traffic safety issues, it was found that 
40% students didnot have sufficient traffic knowledge. For instance, rate for lack of 
information on speed limits was 67.3%. 40% of students didnot know about risk factors. 
Considering the violations, school children who didnot cross at the correct signal were 28.2%. 

In a study carried in Bangladesh, it was cited that pedestrian casualties happen in 62% of the 
roadside collisions. In a questionnaire, students identified risk causes as driving without helmet 
by 62%, and driving during night time without having headlights by 59.5%. Another problem 
is stated as young drivers who started driving below age 10 by 13.3%, and those start driving 
after age 12 were 57.3% which is a serious threat for both themselves and other students as 
well as pedestrians in common. Among them 26% were found without licentiate to drive [49].
The high population in these countries also results in high likelihood of accidents for more 
people walk on the street thus making more frequent use of the roadside. 

In Turkey, despite being better than most poor income countries, still there are gaps in school 
children safety as well as pedestrian safety. One common failure is that drivers’ lack of 
knowledge. Until couple of years ago, getting a driving license only depended on answering 
standard questions and many people could take an exam without necessity to attend classes. 
Even a primary school graduate could get a license after age 18 which then required at least a 
high school degree by new regulations. So, it can be said that the main hazard is careless 
drivers for child pedestrians. Secondly, lack of crossways and special markings, construction 
etc., makes it difficult to draw attention by the driver and make it feel safer for the children. 
Another factor is the lack of individual student boxes which let them leave belongings 
emerging as an important gap when compared with Sweden for instance. This makes especially 
in government schools that children carry heavy bags on their back. This is also unhealthy for 
the growth as well as being a high risk factor in road traffic. However, school zones are 
provided with school signs and school buses have back lamps when students get on and off. 
Also there are organizational campaigns to promote traffic education.
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In a survey of traffic education on developing countries, it was found that in 11% of the 
developing countries traffic education was given in a single course format. In Islamabad, 
Pakistan, 26% of the schools are cited to have road safety education. This rate is 34% for 
Zimbabwe where urbanized zone schools performed better practice than schools in rural areas. 
In Islamabad, road safety terminology was stated to be taught in 8% of the schools [50]. 

3.4.2.c. Results
The main shortcomings were drawn out as listed below:

 Children working for family has higher risk of injury
 School timetables are overloaded that lack time for safety education
 There is lack of sources and financial aid
 Teaching equipment is needed and current ones are mostly useless
 Trained staff is needed on education of road safety
 Rural zone collisions are important because of driver inattention.

[50]
In addition to good practices, it is also stated that eight out of twenty African countries in a 
study, owned their national road safety committees, around ten were stated to be in a 
preparation process of high-scale developments. It is stated that because of lack of school 
attendance in some countries, public campaigns should be promoted. It is cited that around half 
of the developing countries had road safety in their education program. Zimbabwe is stated to 
have such an education. In Botswana and Zimbabwe it was stated that at least 75% of schools 
had road safety education. Also being cited, “dangers of parked cars” was very rarely taught. In 
Pakistan, it is cited that play garden and posters or films are stated to be used as equipment in 
10% of the schools. In Botswana teacher guided courses were stated as highly significant [50]. 

3.4.3. ACCIDENT ANALYSIS
Children and school pedestrian safety has been wide studied and various countries have kept 
records and statistics on occurrence of fatalities and injuries and set measurements. The best 
performing countries in terms of prevention of child pedestrian fatality on the other hand are 
are Sweden, Netherlands, UK, and Germany. [47]

3.4.3.a. Physical and Mental Factors
These factors make the basis of the child pedestrian safety problem. Why we are interested in 
child crash prevention is basically that children lack enough physical ability and mental 
cognition together with traffic experience and hazard analysis in order to save themselves. In 
Australia, according to Federal Office of Road Safety (FORS), of the 31 pedestrian deaths 
concerning 5 to 12 age group in 1992, 28 incidents were able to be analyzed with enough data. 
Of those, 24 incidents were caused only by child failure. The main cause to this was stated as 
insufficient child attention to the on-going traffic environment. In both events, during the street 
crossing children did not conform to traffic lights or signs. For the incidents where motorist 
failure was the reason, the main factor was stated as over speeding [20]. 
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It is expressed that child brain can solely concentrate on a single subject and they have 
inadequate ability to avoid a danger situation in a coordinate way. An example is stated that a 
preschool child has no ability to recognize a vehicle in motion and run away [54].

It is stated that children up to age 2 experience the most severe collisions. It is noted that more 
than 50% of such incidents are caused by back movement of cars [21].
Poor visual ability during the drive also contributes to child pedestrian casualties. One example 
is stated as the vehicles in rest throughout the roadside which impair visual ability of the 
motorists and child pedestrians to a great extent for their smaller height and size. Dashing out 
into the street which is commonly done by small children results in severe crashes where the 
motorist and the child are unable to see each other till the start of a hit [26]. It is stated that 
more than 50% of the child pedestrian casualties are caused by abruptly dashing of children 
without notice among children less than 9 years [20].

3.4.3.b. Environmental Factors
It is reported that children who are younger than 14 years have bigger likelihood to sustain 
casualty as pedestrian in places of big density of traffic, many cars being parked along the 
roadside, bigger speed limitation, lack of separated roadways, lack of instruments for 
controlling pedestrians, and there is shortage of play gardens for children [21]. 
Casualties related to children are cited to take place more frequently in residential settlements 
and vicinal roads which are water-free, smooth and having straight alignment [21]. 

According to a nationwide carried study, 9 in every 10 zebra crossings in an elementary school 
neighborhood, experienced at the least one of the following four types of risks: damaged or 
lack of crossway, motorists being unable to stop or making unallowed turning, applied speed 
limitations over 55km/h or higher, also curb ramps located far from the zebra crossing or being 
missing [21]. 

A nationwide study on drivers’ attitude to stop sign showed that the rate of drivers who didnot 
care about the sign was 7%, 37 % for those moved slowly away from the sign and 45% did not 
make a full stop [21].

Lack of separation in the roadway, and shortage of instruments for pedestrian controlling are 
also stated as important factors. It is also cited that residential settlements accommodate the 
majority of the child pedestrian collisions [25].  

Another study indicated that the rate of children with pedestrians (parents) taking to school, 
who sustained at least one dangerous situation was 60%. The general failures were reported as 
insufficient sidewalks, and over speeding motorists [21]. 



                                                         Child Pedestrian Safety
___________________________________________________________________________

___________________________________________________________________________
-29-

Visibility is a spectacular threat for traffic especially for children. Small children sustain 
injuries by back-moving vehicles as well as other hazards on road side. A study carried out in 
Australia was about the importance of visibility for pedestrians in traffic.  During the driving, it 
is cited that at least a 90% of the environment is sensed by visual input. If we consider a child, 
the distance enough for visibility is 30m ahead of a driver, with half activated headlights. When 
a child is considered wearing a reflector coat, the visibility distance this time is stated to be 150 
meters. According to a study in UK (1999), in residence streets collisions happened during 
hours 8-9am and 3-6pm and in summer outdoor playing contributes to increase in crashes. It is 
noted that consciousness is a key factor in lowering child related collisions by providing
relevant education in elementary school students. It is stated that, children should gain the idea 
that visibility is crucial for safety. It is also noted that reflector coats have posed efficiency in 
collision reduction for more then 30 years in various countries. The severe casualties are 3500 
people per year. Among those are elderly, and children. The statistics say that general factors 
are mist, poor daylight, precipitation, and slippery road surface however the most crucial factor 
is stated as individual mistakes. Motorists blamed the pedestrians for not seeing them so it is 
the pedestrian sensitivity that contributes to safety. It is cited that children between 4 to 14 
years are of high risk group. In a study from UK, the risks deteriorating visibility are stated as 
dusk, rain or situation with lack of daylight. It is cited that a 50% fall is expected in children 
fatalities and casualties by putting on reflectors on jackets [28]. 

3.4.3.c. Vehicle Speed
It is reported that head and inner body damage are fore coming casualty types in hospitalization 
cases, which makes it a main reason of increase in disabled children. The survival rate is 95% 
of a pedestrian hit by a vehicle moving at 30km/h, 60% of rate with a speed of 50km/h and 
20% of possibility with 70km/h. According to Australian studies, one in three pedestrian 
fatalities can be saved with a decrease of 5km/h in speeds of cars. Also noted that, with a full 
conformity of the sped limit there would be 12% reduction in total pedestrian fatal crashes [13]. 

A study concerning the speed violence indicated that 2 of every 3 motorists disobeyed the 
speed limitation throughout the 30 minutes at the beginning and end of school session [21].

It is reported that lowering the posted speed has brought benefits to saving of child pedestrians
[26]. 

3.4.3.d. Social Factors
Research indicates that child pedestrian casualties frequently take place in poor urbanized 
vicinities with big traffic densities, especially during the afternoon as mentioned before. One
reason is the lack of playing grounds which make children gather in streets or roads. Such 
neighborhoods also accommodate higher volumes of traffic. Motorists who have a bad history 
at injuries or conforming to rules pose more danger to children than those with less number of 
illegal histories [26].
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Considering all ages, urban areas have 100% more traffic linked pedestrian collisions than rural 
towns. For the children living in places with high child density, crowded families, poor 
financial conditions and suffering from lack of secured playing areas, the collision likelihood is 
greater [21]. 

3.4.3.e. Parental Factors
It is also cited that adults like motorists, other pedestrians or parents think that children have 
better perception or cognitive skills [26]. Parents’ over estimation on their child’s behavior and 
role modeling in family are also parameters for child safety on the roadside.

3.4.3.f. Age
According to a survey, concerning the type of incident, the rate of injuries by children who 
attempted to cross was around 30%. Crossing activity is also divided into age groups. The 
school children injury rate of those at age of 10 and older was 40% while for those under age 
10 the value was 23%. When we take children younger than 5 years, the injury rate became 
20% [19]. 
Suffering casualty as pedestrians is stated as the secondary factor leading to child fatalities for 
ages 5 to14 years in terms of unplanned casualties [25]. 
According to the crash information center, Ministry of Transportation in New Zealand, 
concerning casualty collisions, among children, those between ages 5 and 9 suffer 
comparatively more [22].

The following charts (Figure 8 & Figure 9) represent the distribution of fatality frequencies 
over the ages with gender and age groups with traffic type. It is stated that in terms of 
sustaining a crash, age range of 5 to 9 years has the highest risk of both injury and fatalities
[25]. Similarly, the chart to the left expresses that the fatality rate is highest at toddler age, 
preschool age around 5 years, and poses a rise again after age of 11. The rate is always higher 
among male children with a spectacular margin. In the next chart, the death rate is the highest 
among children those are between 5 to 9 ages. 

Figure 8-9: Pedestrian casualties by age and gender, by age group and sort of traffic (1-14 
years) California, 1991-1999, (Source: California Dept. Of Health Services, Death Records)
[19]
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3.4.3.g. Time Based Factors
Child related incidents can be classified under speficic periods of the day. According to 
California Department of Health Services, the injuries most frequently happen between 3.00pm 
and 6.00pm which accounts for 35% of the total. It is also noted that evening time in summer 
there occur more injuries. Considering children at school age –between 5 and 14 ages- the 
injury rate in the morning period of 6.00am to 9.00am is 21%. The same subject had a rate of 
even smaller than 1% during the weekend [18].

According to the National Highway Safety Administration (NHTA), one out of every five 
children in the age range 5-9 years lost life in traffic crashes during 2005 also considering the 
children, the fatality rate was 43% during the period between 3.00 pm and 7.00 pm for those in 
the age range under 16 [18].

Results in general show that afternoon hours have the highest likelihood of child accidents. 
According to SAFE KIDS study group, in 1998 45% of the child pedestrian fatalities took 
place within the hours 4.00pm and 8.00pm [23].

According to the European Road Safety Observatory, the following figures below show 
respectively the frequency of fatalities by daytime and day of week. Concerning the children 
under age 16, in the Figure 10, the highest fatality is expressed between hours 15.00pm and 
20.00 keeping a decline up till 22.00pm. In the next one, Figure 11, weekdays Monday and 
Sunday show up as most risky days and weekends as the highest risk period of the week per 
daily deaths.

Figure 10-11: Distribution of child fatalities by daily hours and days of week (Source: 
CARE/2006) [24]

Table 4: No of fatal crashes 
for child pedestrians from 5 to 
12 age by road and crash type 
(1992) (Source: FORS)

Table 5: Fatality rates for 5 to 
12 age (1989-1994) (Source: 
FORS)
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As Table 4 and Table 5 show, the fatalities for children on different road types are seen. The 
rate of accidents in urban areas is the leading location in majority of the accidents. Among the 
child pedestrian deaths between 1989 and 1994, 64% of the crashes took place in mid block 
areas which are middle zones of roads. 

3.4.4. Crash Type
It is stated that the activity type can also be considered in classifying the child accidents as trips 
home, trips to school mainly. The above table shows the distribution of the accidents measured 
by their type of activity. The second highest portion belongs to trips home from school. This 
could be attributed to their lack of concentration in the afternoon or pre-evening periods of the 
day. It is also noted by the Kid Safe campaign in Alberta that insufficient attention and being 
tired contributes to the possibility of a child injury while returning from school [20]. 

The Table 5 expresses that a very small amount of deaths fall on school destinated trips. After 
school activities are the leading group so the risk is highest when playing or attending activities 
after school. So from end-of-school hour till the daylight is over, is noted as the most risky 
period in terms of fatalities and injury rate as well. 

As shown in Table 6, far and near side collisions are the leading sorts of 5 to 12 year child 
pedestrian deaths. The third type is caused by dashing from between parked cars which make it 
hard for the motorist    to notice the child and get away from the hazard scene [15]. 

3.4.5. The Bus Travel
This paper mainly concerns child pedestrians and their safety facts on road environment. 
However, facts say that children often use school buses as a means to commute to school and 
sometimes they both walk and take the bus to reach school. Similar problems in crossing may 
also occur during getting on and off the bus as well. In the USA, 25 million students use the 
buses as a means of school transport. The bus trip is in someway safer than being on the 
roadside and unprotected. However it is reported that there is a fatality of 33 children each year 
in the states because of school buses. Majority of the children are stated to be between 5 and 7 
years. They often face impact inside the so called bus “danger zone”. Either the school bus or 
any other vehicle passing by violating the school bus rules is a source of hazard. Shortly, the 
main situations of collision are as follows:

Table 6: Types of deadly crashes for ages 5 to 12 
(1989-1994) (Source: FORS)
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 They are often in a rush to get into the bus and out.
 They have little knowledge about traffic and they take action before thinking. 
 They suppose that drivers are certainly going to see them and let them cross the road.
 They often donot fall in the visible sight of the driver.

Figure 12: Death zones around the bus (Source: Illinois State Board of Education)

In Figure 12 the death zone is defined as the entire coverage around the bus in which children 
are under highest risk of impact when near the bus. It is necessary that children keep a distance 
of at least 3 meters from the bus in order to be able to be seen by the driver [27].

3.4.6. SUMMARY (RISK FACTORS)
Considering the outcome statistics from various surveys and analysis data, the problem and risk 
factors acting on child pedestrian safety can be summarized in a breakdown scheme form as 
seen below in Figure 13.
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Figure 13: Risk factors affecting child pedestrian safety

        CHILD PEDESTRIAN SAFETY (Risk Factors)
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3.5. RESEARCH DATA
3.5.1. ACCIDENT PREVENTION
3.5.1.a. STUDY 1: PROMOTION OF MOBILITY AND SAFETY OF VULNERABLE 
ROAD USERS (PROMISING)
Aim: A Dutch originated study called PROMISING aimed to design countermeasures at 
application level in order to lower the likelihood of collisions which vulnerable road users can 
be involved in the most probable way without constraints. In the study the user groups are 
classified as pedestrians, cyclists, two-wheeler riders, and young drivers. 

Description: The study group states that in terms of road injuries, pedestrian belong to the 
second highest group followed by vehicle passengers. According to the study group, the risk 
factors are cited as non reported cases & lack of statistical data, lack of contact between road 
users, design quality of surroundings, vehicle speed, absence of traffic knowledge and 
experience, young drivers’ night time ride. 

Results: According to the outcome from the study, also by considering the cost benefit 
analysis, the following suggested improvements have been drawn out. 

 Countermeasures supporting speed reduction should be boosted.
 Environment should be well provided with visibility of good quality
 Level based license should be adopted that for instance, young drivers will be subject to 

0.01% BAC level
 Roads should be classified as high flow, traffic accessing, and spreading traffic.
 Adaptation of regulations and technical countermeasures to highlight the right of way 

for pedestrians in the cities to improve contact among road users 
 Provision of necessary educational support  to make people respect other roadusers 

around
 Careful designing of vehicles in order to decrease damage to vulnerable road users
 Separation of motorized and non motorized traffic
 Applying location based speed limitation 

[30]

3.5.1.b. STUDY 2: CHILD ACCIDENT PREVENTION STUDIES IN CALIFORNIA
In a study conducted in California it was found that almost one third motor vehicle linked fatal 
accidents belong to child pedestrians. According to the study preventive campaigns act well to 
raise concern for child accidents. One recommendation is stated as the Four E’s approach 
which is summarized under four divisions.

Engineering Perspective: Produced items, instrumentations and the environmental factors 
should be projected that the user will have no damage risk of using them.
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Enforcement Perspective: Generation of legislation and legal terms or regulations to lower 
strength of possible accidents. Enforcement means checking whether the legislation is operated 
or obeyed as it has been planned. 

Education Perspective: Characteristic behaviors of ourselves and the ways we can modify them 
to perform a safer activity in traffic. It also includes informing others of necessary and correct 
behavior about accident and damage occurrence. 

Economical Perspective: This term says that a high value of expenses is likely to come up 
when an accident with severity happens [26]. 

3.5.1.c. STUDY 3: ROLE OF THE SWEDISH “VISION ZERO” CONCEPT
Aim: In a study on “Vision Zero” concept in Sweden was carried, aimed to make an 
assessment of how traffic safety and road user bahaviour are influenced following rebuilding of 
junctions urban areas with respect to measures for calming the traffic having child pedestrians 
as target group. In-situ surveys were carried out in Malmö, Sweden.

Belonging to those using the roadside, child pedestrians are also cited to experience great risk. 
It is reported that they have possibility to be killed as three times greater than that of risk for 
adults between 25 to 64 ages. They still have twice as high fatality rate as those between 15 to 
24 and three times of those between 25 to 44 ages regarding fatality. One measure under the 
Vision Zero is the lowering of the speed limit from 50km/h to 50/30km/h and 30km/h im urban 
areas. It is stated that fatality likelihood for a pedestrian is 10% when having speeds until 
25km/h, and 50% for speeds about 50km/h. The purpose with the survey is to test if the code 
change posed a positive effect on children and old pedestrian’s safety and mobility. 

Description: The survey included periodical video captures and observations by manual 
methods. The coding process was carried out for the user groups, children between 0 to 12 age, 
youngsters of 13 to 19 age and old pedestrians of 64 and above ages together with bicyclists 
Car velocities were taken by means of radar instrument at the junctions. It was also stated that 
what children think about the influence of the rebuilding of roadside was collected as written in 
question based surveys. After rebuilding some junctions or removing cross markings, target 
road user behaviors are observed periodically. Previous analysis carried by Leden (1988) 
pointed that children aged between 11 and 13 are the most eligible class when it comes to 
evaluate the influence of countermeasures as their growth is sufficient to realize the traffic 
problem.

Results: Even though it is stated that the introduction of the code was not that much 
productive, reputable results are however achieved. According to the findings from the study, 
the following benefits have been achieved.
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 More drivers yielded right of way to pedestrians
 The mobility by children at junctions have increased
 Average vehicle speeds were decreased including heavy vehicles
 Children thought that safety has been improved

Figure 14 represents the children’s ideas on different stages of the location on effect of safety 
measures. The overall picture shows that there has been provided a safer image after the 
changes. 

Figure 14: Division rates among school children on safety comments and ideas on improements 
on the various junction locations (Source: Johansson, C & Leden, L) [31]

3.5.1.d. STUDY 4: SAFE ROUTES TO SCHOOL (SRTS)
Aim: According to a study conducted in Australia was based on mathematical estimation. The 
study concerned with analysis of collisions and results by examining requirements and subjects 
for every school by means of data on regional investigations, trip studies, and in-situ watching 
of behaviors among road users. The income from the study is to be analyzed.

Description: According to the study, a comparison of injury collision occurrence rate was 
made for certain locations, and injury occurrence rate in control areas both at the beginning and 
end of application of the study. The methodology was based on taking routes mostly used from 
home to school in various school zones and an using the crash history mathematical assessment 
is done by this comparison. The methodology for the program included a formulation model 
which was used to make an estimation of the outcome of the program both at application stage 
and in the upcoming years.   

Results: It is stated that models created and their engagement with history data gave as 
estimation the following outcome:

 4.8% decrease in casualty reduction considering all users within travel to school hours.
 It posed 12.7% decrease in casualties in primary school children within travel to school 

hours.
 3.1% decrease in fatality collisions considering all user types within travel to school 

times.
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 The program offered a It also posed a 13.1% decrease in fatality collisions considering 
elementary school students and cyclists and all time periods.

The values are obtained after necessary safety measures are applied in the model [29].

3.5.1.e. EXAMPLE 1: UNITED KINGDOM:
In the UK it is stated that every year around 66% of the school children fatalities happen on the 
roadside. An example history from 1996 indicates 131 child pedestrian fatalities and 4000 
severe injury cases during daily walk. The transport department meanwhile started a survey 
aiming to lower all the crashes by around 33% using a historical record between years 1981 
and 1985. Regarding child pedestrians’ safety, death rates have posed a decrease by more than 
20%, and severe injury rate was about 35% and less-severity injuries fell by about 20% 
although the traffic volume has increased by about 50% during the concerned interval. Despite 
the fact that the history of child pedestrian safety for the UK is in advance, there exist other 
parameters to be considered as to evaluate the past data. One point is that there is no 
satisfactory knowledge on vulnerability of children in hazard situations. It is also noted that in 
spite of having a regular historical data, British safety practice remains behind some other 
European member countries like Sweden, Denmark, Netherlands and Germany. Being 
compared, UK has far more quantity of children fatalities which is attributed to socio-
economical situation. It is noted that children from poor socio-economical slice account for as 
five times the fatality cases as those from the upper slice. 

In the UK, a study called Gloucester Safer City Project was conducted between 1996 and 2001. 
The purpose with the study was to lower injury by a one third rate. During the study staff from 
various disciplines worked together such as engineers, teachers, transport operators, research 
communities, emergency and safety personnel. According to the outcome data from the study, 
fatality and severe casualties have decreased by 48%. The decrease in adult pedestrian injuries 
is reported as 54%, and child pedestrian injuries have posed a decrease by 29%. Besides 
reporting of the crashes have risen by 13% [32]. 

3.5.1.f. EXAMPLE 2: GERMANY
Germany is stated as being successful at dealing with safety for children and adolescent as 
pedestrians, cyclists and passengers. According to the “safety cards” survey, the efficient 
practices are policy regulations, traffic calming activities, and nation wide legislation on speed 
reduction in residence regions. There is also a specialized governmental unit responsible for 
child pedestrian’s safety. Campaigns and child pedestrian safety-focused government based 
surveys with scheduled plan gave also been conducted [35]. 

3.5.2. ENFORCEMENT
3.5.2.a. STUDY 1: SAFE KIDS (USA)
Aim: According to a study “Safe Kids”, it is stated that children between ages 11-14 have 
greater risk of fatality in traffic crashes. It is also stated that injuries to children are often 
irreversible. The program aims to reduce child pedestrian casualties [36]. 
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Description: According to “Safe Kids”, most of the child pedestrian deaths and casualties are a 
result of traffic linked incidents. The methodology of the program consists of educational 
activities, technical studies on engineering perspective and legal regulations. According to the 
studies in USA, child accidents are cited to happen mostly at ages2, 13 and 14. Also, more than 
half of the accidents occurred through hours between 3-7pm. Fatal accident types are stated as 
mid block collisions, un divided road collisions, urban area collisions, collisions by young 
drivers. Children’s disabilities are stated as lack of traffic knowledge, physical and mental 
insufficiency. Other problems are stated as little number of playing gardens, lack of divided 
roads, little number of traffic regulation devices, and parking lines. 

Results: According to the study group important preventive suggestions are drawn out as 
following.

 Improving quality of visibility of children in absence of or poor daylight
 Introduction of “Graduated” driving license having multi step checks. Another idea is to 

put on special messages for special drivers who are more likely to give occasion to a 
pedestrian collision.

 Introduce and back up countermeasures regarding traffic engineering to lower vehicle-
pedestrian conflicts by keeping time and space separation.

 Adapting and making enforcement of smaller posted speed limits particularly in and 
close to school zones of frequent child walking activity.

3.5.2.b. STUDY 2: SAFETY IN SCHOOL ENVIRONMENT
In a study conducted in Australia, school road safety was evaluated based on education 
engineering enforcement and encouragement terms on the perspective of children’s safety. The 
aim with the study is to suggest countermeasures to enhance school zone safety. In the study 
two different applications are issued as Consistent color study and Flashing lights study.

Consistent Color Study: In this study, a pilot region was stated to be picked and applications of 
fluorescent colored placards, road markings, and reflector borders on school buses were made. 
Public awareness was also stated to have increased by written media as public and school 
newspapers. 
The results by inquiries and observations show that,

 Speed reduction and increased attention in school zones have been achieved
 Public awareness was raised
 Color signs provided good cognition of need for safety by motorists

Flashing Lights in School Zones Study: In this study, the aim was stated as reducing over 
speeding in school zones which resulted in  accidents previously. Flashing lights were stated to 
be placed in certain places within school zones especially of poor visibility. The measurements 
for vehicle speeds were stated to be taken periodically.
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Results from the study state that,
 Vehicle speeds fell down by 12km/h at maximum

In Table 7 below, speeds at various school areas are listed with speed values at the end of 
different stages before and after installing the flashing lights [37]. 

Table 7: Status of speeds at different school locations at different stages of flashing light 
implementation (Source: Ram, S & Moore, R)

3.5.2.c. EXAMPLE 1: NETHERLANDS
Netherlands is cited as famous for its “Sustainable Safey” legislation. Being a recent 
community, Zoetermeer was a location of traffic safety implementations even at its design 
stage. It has also been cited among Netherland’s safest cities. Although the population is 
growing further, the rate of injuries are reported to be of very little percentage. The sustainable 
safety concept refers to engineering, enforcement, spatial planning, adequately educated 
motorists, mobility etc.

One significant application is cited as the implementation of widely allocated 30 km/h regions 
in residence areas. Besides, roads were categorized under three titles as arterial roads, 
major&minor collectors, and residential streets. For residential streets, the speed limit was
30km/h with average flow as 3500 vehicles by day. Countermeasures such as speed humps, 
hidden police, or other calming facilities were applied at 100m intervals. For minor&major 
collectors, the speed limitation was decided as 50km/h with flows between 6000 and 15000 
vehicles by day. As arteries are concerned, speed limit varied between 50 and 70km/h with 
flow as at least 15999 vehicles by day. Parking was banned through the driveway [33].       

3.5.3. EDUCATION
3.5.3.a. STUDY 1: STUDENT LEARNING BY INTERACTIVE DEMONSTRATION
Aim: In a study conducted in Australia, effect of education was evaluated by interactive 
demonstration. The study aim was to give an idea of traffic and its user groups to children and 
build a road safety concept, by understanding effect of a visual demonstration on student 
interaction and learning. 

Description: In the study, students from various schools took part in the program. During the 
exhibition and activities, their reaction to what they see, interaction with each other and 
participation were observed. The study included activities helping learn about concepts like 
how to get more visible, who has priority, limits of range of child vision, recognition of how 
fast a vehicle is moving and many similar [38]. 
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It has been expressed and cited by various surveys such as Rothengatter, (1981) and Anpofo 
Boateng (1993) that application of educational campaigns act as the most beneficial methods in 
terms of developing children’s’ ability of evaluating the traffic [39]. 

Results: Survey showed that virtual exhibition was quite helpful in small age children’s 
learning as many of them began to use new words as “airbag” or “call a taxi” when drunk. 
Students’ communication with each other was also stated as an indicator of their concentration 
together on the matter. This contact and demonstration together was stated to be effective in 
adopting the sense of traffic and road safety [38]. 

3.5.3.b. STUDY 2: EFFECT OF CHILD AGE AND EDUCATION ON ATTENTION
It was asserted that smaller children had a poorer talent in terms of payig attention to the 
knowledge they need to perform a safe crossing. The collisions with children’s rushing into the 
street were also cited as a main result of this thought. According to a study, after showing 
videos and computer simulations, children rather of 5 and 7 years were stated to lack ability to 
comment well on safety titles. It is cited that the education would better be beneficial by 
applications in schools rather than road side. 

In another survey, the effect of adult companion was tested. According to the outcome, being 
accompanied by an adult person contributed to child’s perception and assessment of the safe 
crossing instructions. When on roadside it is cited that being with an adult is more educational 
and efficient for small children groups in the traffic [40]. 

Another factor comes up as concentration abilities of children. This is stated to relate to their 
interaction with parents so education is also stated as necessary for parents in order to provide 
good “role models” [41].

A similar study was carried involving various studies from different universities, called the 
Child Development Research Program. Concerning the first part of the study, it was 
highlighted to implement computer simulation based educational methods as a beneficial way 
of safety training. It was also noted by the authority that children posed more tendency to the 
education by the computer compared to video demonstrations [42].

Furthermore, field trips have been stated as beneficial at improving sense of safety on children. 
It is noted that children’s learning starts by specific safety actions and reach a more general 
form in the brain as permanent behavior. Similarly, young children are cited to learn about 
safety concept best at roadside environments [1].

3.5.3.c. BASIC TIPS
According to the Department of Health Services in Los Angeles, a list of basic safety tips has
been provided under its injury prevention program. The instructions according to the board are
as follows:
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 Children should obey the instructions provided by school safety guides or the police.
 Children should be told use cross paths all the time and watch out for traffic and lights 

before leaving the kerb.
 Children should be well trained about traffic signals and their meaning.
 Children should be taught about turning their head sideways in the left-right-left order 

prior to crossing and maintain attention during crossing.
 During dark hours, they should be warned to put on reflective or fluorescent coats, if 

not available, bright colored dresses should be picked.
 As a result of growth psychology, children take adults as models, so being a good 

model will teach much about safety habits [43]

3.5.3.d. EXAMPLE 1: USA
In New York, the program called “Safety City” is specially designed for children to get and 
adopt knowledge on road safety. The program consists of both indoor and outdoor parts where 
children can both experience learning by simulated city views and field practice. Children start 
the program with classroom education at the age of 9 and continue with the practical phase [1].
It is noted that injuries have fallen by 50% by the program which also gives training to children 
with special needs [2].

3.5.3.e. EXAMPLE 2: NETHERLANDS
Netherlands has traffic gardens where children can act as different road users even as a motorist 
by means of a pedal supported car. The problem here is stated as that the environment doesnot 
exist in real size and some important points like visibility cannot be taught well [1].

Besides, road safety education is held by a certain group of experts in some countries. For 
instance, in United Kingdom, local highway authorities or the police itself assign the road 
safety responsibles. Road safety councils are also present in countries like France, Denmark, 
Scotland and Germany which takes up arrangement of road safety education. The so called 
councils or responsibles have the ability to promote safety education, make connection between 
different disciplines such as health, transport, educators [1].   

3.5.4. ENGINEERING
3.5.4.a. STUDY 1: A CHILDREN BASED SAFETY STUDY CONCERNING 
PEDESTRIAN TRAFFIC
Aim: In a study conducted in Sweden, children based road safety was evaluated. The purpose 
with the study is stated as devising a technique to express road safety and mobility concerning 
road users particularly children. In the study hosted by Luleå University, children’s behavior 
was analyzed before and after modifications on the roadside. 

Description: It was cited by the group that designing character of a junctions acts greatly on 
road user’s behavior, also stated that attitude of pedestrians on using the zebra crossway is 
linked to the junction design. According to a previous survey by Varhelyi (1998), if the 
motorists sense that the pedestrian is about to start crossing the street, that is if there will be a 
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conflict, the motorist tends to move away first. Another important point was cited that an 
elevated junction can act positively in terms of attracting pedestrians to use zebra crossway. In 
the study also speed cushions were used. It was mentioned by Rämä (1998) that the children 
activity of running is an indicator of lack of confidence. According to the study problems were 
stated as:

 Vehicle velocity
 Vulnerable road user’s velocity
 Distance to conflict point
 Looking sideways
 Stopping at the kerb
 Driver attitude

Results: After physical modifications it was stated that there was a high usage rate of the zebra 
crossway by pedestrians. Also being cited, more motorist yielded right of way to children. An 
inquiry on school children proved that safety has been improved by 89% on their utility 
locations which meant they feel safer. Overtaking and over speeding cases were stated as 
decreased.

3.5.4.b. STUDY 2: EFFECT OF TRAFFIC CALMING ON PEDESTRIAN SAFETY
Traffic calming is one of the main good practices to be performed especially in urban areas for 
road users, particularly vulnerable road users. Its main purpose is to relieve negative influences 
of vehicle traffic. It is expressed that collisions in the residence zones account for 25% of the 
total in urbanized regions. The collisions take place in a dispersed manner so a location based 
method should be stated as more suitable rather than focusing on “black spots”. As stated by 
Minnen (1998), big residence zones act better than smaller ones in terms of safety as the ratio 
of insecure roads and junctions decrease.  

Considering the engineering countermeasures, in general, the applications are stated as vertical 
and horizontal countermeasures. Horizontal measures come up as lowering of the roadway to 
make motorist slow down and vertical methods are upward extensions like road humps. A 
second type of grouping countermeasures is the degree of forcing. Several sorts of 
countermeasures have been defined by Vis, Dijkstra and Slop (1992) as follows:

 Informing countermeasures like speed signs as in Figure 17
 Visual warnings which tell motorist that the current area is a residential zone, by special 

markings, or colored borders on the roadside, or certain sort of road material, without 
physically constraining driver. 

 Persuading measures, like road humps providing speed reduction. (Figure 16)
 Obstructive measures physically prevent undesired speeds more strictly. A good 

example is the chicanes, as in Figure 15
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Figure 15: Chicane [51] 
Figure 16: Speed Hump [52]
Figure 17: Speed Sign [53]

Similarly, it is stated by Angenendt (1985) that too long design for crossways should not be 
used, also the slope should not be more than 6%. It is stated that safety could be enhanced by 
means of mid block islands which brings security. Also noted that the street borders should be 
well marked and signs should have good visibility. The surface material used should be of high 
skid resistance to prevent sliding and short brake distance.

Greibe & Nilsson (1999) stated in a study for Denmark that roundabouts have a reducing effect 
on collision by 20km/h. Roundabouts are cited as suitable on behalf of intersections for they 
lower the angle of severe contact. Signaling systems with green wave can help impose a certain 
speed and plateaus help reduction of speed before conflict points as well. 

It is finally stated by Elvik (2001) that countermeasures regarding speed lowering bring 10% 
fall in total injuries. The preventive methods also should not shadow the quality of vision of
road users. It is cited that in case the range of visibility distance is smaller than 60-70 m, an 
elevated cross path should be designed. It is also noted that both physical and visual measures 
reduce attractiveness of the roadside and help decrease flow. In a survey in UK, a fall in flows 
by 13% to 65% has been recorded as a result of traffic calming strategies. [44] It was also 
stated in a study regarding two cities in UK that child pedestrian collisions could be lowered by 
traffic calming [66]. 

3.5.4.c. INSTRUCTIONS FOR SAFE DESIGN OF ROADSIDE FOR CHILDREN
The possible causes for hazards concerning child pedestrians were listed by Midtland (1995). 
Accordingly, there is a strong relation between velocity with, degree and amount of collisions 
concerning vulnerable road users. Another key factor is stated as the illumination which has a 
positive effect on collision reduction by 50%. It is cited that intersections need to be designed 
with crossways with raised platforms to provide enough calming. According to Midtland, the 
following statements would help eliminate hazards in traffic concerning child pedestrians. 

 Children should walk on the street at the sidewalk border or in special pedestrian lanes 
to prevent random crossing.

 Enough visibility should be provided for both child pedestrians and motorists as they 
are crossing the road.
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 During crossing, children’s concentration should not be interrupted.
 It should not be allowed for children to cross the road in places of very high vehicle 

speed.
 Children should not be let cross the road if there is risk for facing the traffic flow in 

hazardous conditions prior to crossing.
 Extra warning should be provided in places like play gardens.

According to Swedish Handbook for Safe Crossing, velocities up to 30km/h are stated to 
provide a secure state for pedestrians, velocities ranging between 30 and 40km/h offer a mean 
safety and the values over 40km/h represent an undesired situation for pedestrian safety. 
According to the traffic safety handbook of Norway by Elvik (1997), a broad list of traffic 
safety key elements are presented as a result of a meta study conducted. The following table 
(Table 8) represents the effects of physical measures and their role on reduction of pedestrian 
casualties concerning urbanized areas. The changes almost resulted in crash reductions at all 
times.

Change in accidents by persons injured

Speed reduction from 50 to 30km/h -20%

Speed cushions -48%

Rumble strip -33%

Zones with speed limit 30 km/h -27%

Zebra crossings 28%

Signalized zebra crossings on links -12%

Elevated zebra crossing -49%

Refuge at zebra crossing -18%

Pedestrian railings -24%

Increased sight conditions -33%

School crossing patrol -35%

Whitened kerb at crossings -5%

Bicycle path -10%

Table 8: Role of physical measures on injury reduction (Source: Elvik, 1997)

Towliat (2001) has stated after conducting a study concerning status before and after the 
implementation of speed reducing cushions that, motorist slowed down at a higher rate for 
vulnerable road users as they come close to the cushion. A further example is stated as message 
placards for the vulnerable road users which are turned on as you cross and off with no user. It 
is expressed that these method is effective in reducing velocity of vehicles.   

Another survey carried by Retting (1996) was about how pedestrian reactions changed upon 
various implementations of physical measures. The aim was to measure pedestrians’ attention 
to turning cars. Signs and road labels were used in different combinations. Signs were put in 
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the study area and frequency of head turns was stated as increased after certain periods. This 
indicates that observing road users’ attitudes could be studied to improve rate of vehicle 
watching and lower conflicting circumstances [45].

It is also stated in a conference that transit line busses should have their stops away from the 
junction vicinity to prevent sight blocking of pedestrians. The similar way, school bus stops 
were also cited to be built far from high flow traffic or junctions of high speed. 

It is also stated that an elevated median would act in favor of safety greatly. Division of the 
road to two parts increases pedestrian safety that pedestrians only need to watch for traffic in 
single direction. It is stated as a significant method for mid-block collisions [54].

3.5.4.d. THE KEA CROSSING
Kea crossings are special crossing arrangements developed for school zones. The idea is to 
generate a safe passage for children especially during the most active periods; before and after 
school hours. In a kea crossing, there are stopping lines for vehicles and similarly standing 
lines before the kerb for pedestrians, instead of zebra style road paintings. The crossing is 
designed with yellow school sign boards 65 m before and after the crossing zone. During active 
hours when children continuously use the roadside, the school patrol comes on duty and hold 
fluorescent colored sign boards as seen in Figure 18 below to give extra warning to drivers 
rather than preexisting signs [69].

Figure 18: Kea crossing in operation (Source: Land Transport, New Zealand)

3.5.4.e. LAND USE
As an engineering design criterion, land use also acts importantly on safe pedestrian mobility 
especially for children. Basically, a residential landscape should be safe enough to 
accommodate children and also provide necessary attractions for a healthy growth. The 
landscape should have enough green areas, a well planned travel network, and good guidance 
to use the environment such as placards, sign boards, direction labels or well arranged speed
signs. Especially for children, parks play gardens and their balance with the rest of the area act 
greatly for their growth. It is stated in research that a higher number of crashes happen on busy 
roads or minor arteries with high posted speed limits. It was also noted that land use affects the 
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traffic volume, velocity and safety by forming and adjusting traffic flow. In a study, one of the 
main causes of child pedestrian crashes is stated as the roadside. Another study stated that 
young people suffer  more from minor road crashes and that one third of child related 
pedestrian crashes happen on local roads with speed limits over 30km/h [66]. 

It was stated by an authority (Untermann, R.) that marked crossing paths should be installed at 
every 30m with midblock crossing. It is stated that midblock crossways have benefits that they 
slow down traffic and the pedestrians tend to use crossways rather than darting from between 
vehicles. It is also stated that a higher number of junctions would equally distribute traffic on 
different links and decrease traffic over flow plus a better looking environment [68]. 

3.5.4.f. VEHICULAR PROPERTIES ON SAFETY
EU promotes higher safety regarding vehicle properties like bumpers which would contact the 
pedestrian or cyclist at first glance. European Enhanced Vehicle Safety Committee has already 
accepted a regulation regarding protecting pedestrians and all vulnerable road users in case of 
involving in a car accident. (70/156/EEC (COM(2003) 67 final, 19.2.2003) After the complete 
adoption of the proposed arrangement, EEVC approved vehicle designs would contribute to 
reduce fatalities by 2000 pedestrians and cyclists per year. Furthermore, the European New Car 
Assessment Program (EuroNCAP) is responsible for examining production cars with respect to 
certain model types and parameters to evaluate both occupant passenger and pedestrian safety 
by conducting a series of collision scenarios [46].

3.5.4.g. EXAMPLE 1: SWEDEN
a) The Swedish style residential landscape model developed around 1950~1960 called 

“Grannskapsområde” has been used in design of some towns in Norrköping. Towns like Ljura, 
Skarphagen and Eneby are some examples. The idea with this settlement was to create a living 
space including social areas, residential zones and schools within a surrounded area where 
children could safely travel from and to school.

b) In a joint study, microwave detectors were evaluated for pedestrian crossing in Växjö, 
Sweden. The pedestrians coming near the crossway could easily be detected. The results 
showed that the red light walking was greatly reduced. The system was stated to be beneficial 
especially for minor roads. Although the detection was done in a trustable way, false detection 
of vehicles was also a small problem as stated [70].

c) In Växjö, special illuminated warning signs were tested. The need was because of lack of 
respect to the preexisting zebra crossing. It is stated that this situation was especially dangerous 
for children. After implementation, whenever pedestrians use the crossway, the warning sign 
started to operate as seen in Figure 19 and warned the drivers to slow down. The results 
showed that the stopping rate by drivers became 50% while it was 12% before, and after one 
year, the rate even became greater than 50% [70].  
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Figure 19: Stop for pedestrians warning (Source: Ekman, L.; Hyden, C )

d) Another type of application from Helsingborg was the testing of on-street road lamps used 
for active warning of drivers. Two junctions were installed small roadside lamps that warn 
drivers about turning vehicles or yielding way to crossing pedestrians. The results show that the 
system technically performs well. Safety was greatly improved on one junction however, it is 
stated that the system would be better if pedestrians detection was achieved [70].

e) Another example from Stockholm was application of painted pre-markings. The hazard here 
was stated that when crossing, the first stopped car blocks the view of the second –possible-
vehicle who may conflict with the pedestrian. The idea was to place colored surfaces at a short 
distance before the zebra cross to warn the driver to stop earlier (Figure 20). However the 
results didnot show great improvement (only 6% decrease). The reason was stated that the 
measure was only advisory and pedestrians took risk more often than before [70].

Figure 20: Pre-painted road surface (Source: Ekman, L.; Hyden, C)

f) In Sweden, fluorescent caps and rucksacks were provided for use by children to increase 
visibility thus safety for especially the 6-7 aged. Results show that solution showed positive 
results however there were not many drivers slowing. It was also stated that children could 
think the caps would save them in all cases [70].

3.5.4.h. EXAMPLE 2: NETHERLANDS
One example to use of engineering in Netherlands was a “pedestrian sender” device. The 
device is designed for use by vulnerable road users especially for the elderly that when pressed 
the button, a sound was produced and a double length green period was generated to decrease 
possible conflicts [68].
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3.5.4.i. EXAMPLE 3: UNITED STATES
One example from Drivein University Place,WA is the specially designed junction with 
walking ans cycle paths as seen in Figure 21. This method is stated to be important for where 
children walk along roads like arteries or collectors. Medians were also added and a 
roundabout is constructed. Roadside near schools were narrowed. Trees were put up along the 
street. All changes are said to make the zone even more desirable by pedestrians. The project 
also provided a 9km/h fall in vehicle speed.

Figure 21: Reconstructed junction in Drivein University Place,WA (Source: Schieber,R., A. 
Vegega, M, E.)

A second example is given as Berkshire Street in Cambridge, MA. The location includes a 
residence and business zones with school, library and a play garden. Being often crossed by 
children, drivers were stated as having gigh speed and inattentive to speed warnings. Many 
pedestrian injuries and fatalities are stated to take place as outcome. As solution, elevated 
junctions and crossways were constructed and curbs were extended as can be seen in Figure 22. 
Results state that speed obedience increased to 95% from 41% and location became more 
attractive to pedestrian life [54].

Figure 22: Overlook of the junction and modifications, Berkshire Street (Source: Schieber,R., 
A. Vegega, M, E.)
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3.5.5. SUMMARY (PRACTICES)
The studies offering both proactive and preventive can be summarized in a brief format as 
stated in Table 9.

Table 9: Summary of study findings from literature regarding child pedestrian safety
Study 

No.
Title Location Problem Solution Results

3.4.3.b -Visibility
-United 

Kingdom
-Mist, dusk, lack of 

daylight
-Reflector bands and jackets -50% Crash reduction

3.5.1.a
-Accident 
Prevention

-Netherlands

-Non-reported cases, lack 
of contact betw.road users, 

lack of traffic 
knowldg.,young drivers

-Location based speed 
limitation,

Separating motorized and 
non motorized traffic

-

3.5.1.c
-Accident 
Prevention

-Sweden
-Evaluating traffic. env. 
after code changes for 

child.&elderly

-Change of traffic code, and 
rebuilding of several 

junctions

- More drivers 
yielded way, mobility 
of children increased, 

average speed 
decreased, safety for 
children improved

3.5.2.b -Enforcement -Australia
-Improve school zone 

safety

-flourescent colored signs 
and marks, reflectors and 

media campaigns & flashing 
lights in school zones

-increased oublic 
awareness and driver 

sensitivity, lower 
vehicle speeds,

3.5.2.a -Enforcement -USA

-Decrease fatality caused 
by young drivers, 

undivided, midblock 
collisions

-Graduated driving license
for young drivers, supporting

of countermeasures, 
adapting smaller posted 

speeds in school zones or 
hours

-

3.5.3.a -Education -Australia -Improve traffic education
-Interactive demonstration

and video exhibition

-High attention to 
gain knowledge and 

increased 
concentration on 
subject noticed

3.5.3.b -Education -N/A -Improve traffic education
-Application of Computer 

simulations

-Higher interest to 
computer based 

educat. By children

3.5.4.a -Engineering -Sweden
-Evaluating road safety 

and mobility for children
-Raised junctions, physical 
improvements on roadside

-Higher use of zebra 
crossing, higher 
yielding way to 

children by motorists, 
less overtaking and 

overspeeding

3.5.4.d -Engineering -EuroNCAP
-Vehicle impact is often 

severe

-Design of vehicle fronts 
with less damage to 

pedestrians
-

3.5.4.b -Engineering -N/A -Traffic calming

-Chicanes, speed cushions, 
rumble strips, colored kerb, 

raised crossing, 30km/h 
zones, etc.

-Obvious reductions 
in injury level (See 

3.6.2. & 3.6.3.)

3.5.4.e -Engineering -USA -Traffic calming
-Elevated 

junction&crossways, curb 
extensions

-Increase in speed 
obedience by more 

than 100%

3.5.4.g -Engineering -Sweden -Land use -Grannskapsomrade style 
residential settlement for 

safer child pedestrian travel
-

3.5.4.g -Engineering - Sweden -Prevent red light walking -Microwave detectors at 
cross points

-Significant decrease 
in red light walking
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4. CASE STUDY
4.1. INTRODUCTION
The purpose of this section is to present information and problem facts briefly about 
Norrköping city, Sweden, design and make use of a “road safety model” for children to 
evaluate current conditions both physically and socially in the city.

4.2. THE SITUATION IN SWEDEN
For Sweden, injury is stated as the primary factor for child and adolescent fatalities of age 0-19. 
According to the Child Safety Action Plan among 18 EU countries, Sweden shows the least 
rate in child fatalities. In the Figure, some main socio-economical facts about Sweden are 
presented compared to EU average with 25 countries. For instance, urbanization level, adult 
illiteracy rate, health expenditure rates are reported to have reputable values compared to EU 
average regarding child pedestrian safety, as shown in Figure 23 [35].

Figure 23: National facts from Sweden (Source: UNICEF Innocenti Research Centre)

When we look at the EU countries, both child fatalities in general and as pedestrians, Sweden 
points a high position among other member states. In Figure 25 unintentional child fatalities are 
listed together with the EU average. Sweden is the leader member with value of 5.77. In Figure
26, death cases for young pedestrians of age 0-19 are shown having Sweden at second place.

Figure 24: Causes for child fatalities in Sweden (Source: Social Styrelsen, 2007)

In Sweden, having a very low rate of child fatalities, the majority of the child fatalities are 
caused by traffic accidents (Figure 24) [65].
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Figure 25-26: 25) Unintentional fatality rates for children of 0-19 years per 100.000 people by 
gender 26) Fatality rates for pedestrians of 0-19 years per 100.000 people by gender. (Source: 
WHO Mortality database)

The most prominent recent arrangement is the adoption of “Vision Zero” proposal which was 
introduced in the Swedish Parliament in Autumn, 1997. The main idea was to stop casualties 
and adopt the idea that traffic should be seen a shared activity among all road users. Also stated 
that, the road and its surroundings should not lead to fatalities in case of a mistake done by 
humans. Connected to the changes in legislations, a national survey called “En route to Vision 
Zero” was launched in Trollhättan during years 2000 and 2001. In the survey, a portion of 
39km of links belonging to municipality and the state was taken under reformation according to 
the Vision Zero. There were changes like elevated crossways, divided bicycle paths, median 
fences, and advanced signal boards. The local public was knowledged about the study. People 
from different countries could have the chance to take a tour in the city with alcohol sensing 
vehicles and in an environment also with intelligent speed adaptation. A recent method of seat 
belt warning was used in the visitor cars. The outcome effect of the study is stated as quite 
promising. It is cited that surveys showed a 75% positive response from the local people [34]. 
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4.3. CITY OF NORRKÖPING
Norrköping is located in Östergötland, southeast of Sweden. Being an industry zone, it has 
quite good transport facilities within the region and is an actively important transit point 
between nearby cities including Stockholm (Figure 27). The city has around 125.000 habitants 
of which, nearly 21000 are 0-15 age children [60]. Norrköping has 60 schools under 
municipality, giving the 10 year mandatory course schedule. Also there are schools giving 
higher education [59].

Figure 27: Norrköping Community (Source: Eniro) [58]

The municipality has done and currently doing much to improve the traffic environment for 
safer and better use by the habitants. The studies also include primary school zones’ physical 
improvement consecutively, parallel to the income from the state.

4.3.1. ACCIDENT HISTORY FOR CHILD PEDESTRIANS
It is reported by the municipality that there are almost no severe accidents including child 
pedestrians and the parents were also satisfied with the situation. 

Figure 28: Age groups and crash severity in Norrköping Community (2006) (Source: 
Norrköpings Kommun) [61]
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In the age-based accident data, as seen in Figure 28, age groups and injured persons are 
expressed, also severity is grouped as fatal (blue), high severity (red), and low severity (white)
for 2006. For example if we look at 7-14 age group, there is no shown fatality besides little 
amount of high severity injuries. As mobility increases with higher ages, 15-17 age group 
shows a comparatively higher injury rate.

4.4. PROBLEM FORMULATION
The analysis part consists of field observations, interviews, and two safety evaluation and
improvement techniques; road safety audit (RSA) and conflicts technique. The accidents are 
examined through these methods where he two accident locations ( Norra Promenaden and 
Södra Promenaden) were evaluated only by RSA for the location was a through street instead 
of junction.

4.4.1. ROAD SAFETY AUDIT (RSA)
Road Safety Audit is a sort of official checking of a given roadside or junction to evaluate and 
examine before and during the construction stage by special professionals called auditors who 
may come from different fields like engineers, urban planners etc. RSA is responsible for the 
safety assessment of the road environment and lower the risks that may occur in time. The 
method also concerns preexisting roads and safety improvement strategies [71][72].

4.4.2. THE SWEDISH TRAFFIC CONFLICTS TECHNIQUE
Traffic conflicts are undesired situations where traffic elements (motorist, pedestrian, cyclist 
etc.) happen to meet at an unsafe manner. Especially intersections draw many conflicts for they 
are joint places of various routes. For instance, Figure 29 below shows an unsignalized junction 
and its theoretically placed conflict points. Depending on the type of road, speed limitations, 
traffic volume and driver behavior, severity of the conflict may vary.

Figure 29: Conflict points at an intersection (Source: Akgül, V. D.)

The Swedish Conflicts Technique was developed in 1987 by Christer Hyden at University of 
Lund. According to Hyden, accident risk is more successful at defining the crash probability 
than crash history. It is cited that the technique which is designed to investigate the safety 
status should also be combined with traffic flow measurements to give more solid idea on crash 
occurrence. Conflicts also cited to reflect the characteristic of the collisions [67]. 
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Figure 30: Conflict technique, severity zones (Source: Hyden, C. & Svensson, Ǻ)

The method was developed after a long period of tests. The Figure 30 above is a resultant chart 
with speed and time to accident (sec.) periods. The conflict results are recorded in the chart 
corresponding to various severity curves. Each curve on the graph represents a gradual degree 
of severity of which the 26th curve is decided as the beginning zone for injury accidents. 
Finally, the conflicts above the curve are stated as severe and ones below as non-severe. 

The method requires special training with certain period of observation and staff. In this paper 
the method was used to examine the situation at two intersections; Skarphagsleden & 
Finspångsgatan in Norrköping. The observation had some limitations in terms of number of 
staff and equipment that among accident regions, non-signalized intersections was selected to 
observe conflicts better.  

4.5. SCHOOL SURVEY
This section is related to traffic safety near schools. 3 schools concerned under improvement 
plan of the municipality are taken as sample. The description of the future infrastructural 
changes is given as tables. The traffic education progress obtained by interviews in the related 
schools is also examined under an additional heading.

4.5.1. SCHOOL 1: Villastadsskolan
Villastadsskolan is an elementary school located east of Norrköping. It is located in a 
residential zone and unlike park cities, it is encircled by roads and has a gas station nearby 
which raises concern for child pedestrian safety (Figure 31).

4.5.1.a. Infrastructure Changes
The school is located near Linköpingsvägen which has a high flow of 27775 vehicles per day 
(2006) [64]. Being near to a main artery logically raises traffic flow to and from inside the 
residential zone. There are four links surrounding the school and the municipality has decided to 
realize physical changes on one of the links that is most often used to reach school. The 
summary of the proposed and planned changes can be seen in Table 10 below.
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Figure 31: Villastadsskolan (Source: Eniro)

Name of School: Villastadsskolan
Location: Norrköpings Kommun
Included Links: Lokegatan
Problem or Risk: Speed, poor visibility, lack of 

driver awareness
Type of Solution: Engineering
Description: Application of a raised passage 

on both edges of Lokegatan 
together with 30km/h speed 
signs, putting up warning lights 
at both  edges of Lokegatan, 
addition of a bus stop on 
Lokegatan

Date of Completion: By end of 2008
Table 10: Planned improvements for Villastadsskolan zone (Source: Akgül, V. D.)

The physical changes are represented by symbols in the below pictures. In Figure 32, the upper 
edge of Lokegatan is shown with future applications; warning lights, raised pedestrian passage, 
and 30km/h speed sign. In Figure 33, the middle part of the street is shown. The fences will be 
removed and a bus stop will be placed instead. In Figure 34, the lower edge of Lokegatan, 
similar changes as in the first picture are planned.
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Figure 32: Improvements at upper edge, Lokegatan (Source: Akgül, V. D.)
Figure 33: Fences to be replaced with bus stop, Lokegatan (Source: Akgül, V. D.)
Figure 34: Improvements at lower edge, Lokegatan (Source: Akgül, V. D.)

4.5.1.b. Education
The school has classes from 1 to 5 degree. Beginning from the 1st class, the students are taught 
subjects like using zebra crossings, traffic lights, and similar roadside traffic rules, during daily 
class discussions. They receive course material like the traffic signs booklet released by 
Vägverket as in Figure 35. During the semester, a certain period is decided every year during 
which children are taken out to street for trips to practically gain traffic experience regarding 
traffic safety. After classes, students also take chance to play games including traffic activities 
in a separate room. At the 5th class level students get to know about bicycle use and related 
safety topics as they begin cycling to other schools for different courses. 

Figure 35: Traffic rules booklet for students (Source: Akgül, V. D.)

4.5.2. SCHOOL 2: Skarphagsskolan
The school is located southwest of Norrköping (Figure 36). Its location is calmer compared to 
Villastadsskolan. 

4.5.2.a. Infrastructure Changes
The nearby collector road, Dalviksgatan with 5055 vehicles per day (2006) is responsible for 
traffic flow in and out of the school zone [64]. On the other hand, roads surrounding the school 
are at a very minor level regarding heavy traffic. The municipality has decided to improve 
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school side safety by doing physical changes on Gotthemsgatan. The summary of the proposed 
and planned changes can be seen in Table 11 below.

Figure 36: Skarphagsskolan (Source: Eniro)

Name of School: Skarphagsskolan
Location: Norrköpings Kommun
Included Links: Gotthemsgatan
Problem or Risk: Speed, lack of driver awareness
Type of Solution: Engineering
Description: Building of 3 speed humps on 

Gotthemsgatan, building of 
30km/h speed signs at start end 
points of school zone on 
Gotthemsgatan

Date of Completion: By end of 2008
Table 11: Planned improvements for Skarphagsskolan zone (Source: Akgül, V. D.)

The physical changes on Gotthemsgatan are represented in the below pictures. In Figure 37 , 
upper edge of Gotthemsgatan is shown with improvements of speed sign and speed hump. 
Figure 38 shows a middle section of the same street with speed hump to be installed. The last 
picture Figure 39 shows the lower edge of the street with improvements; speed hump and speed 
sign.

    
Figure 37: Improvements at upper edge, Gotthemsgatan (Source: Akgül, V. D.)
Figure 38: Improvements at middle section, Gotthemsgatan (Source: Akgül, V. D.)
Figure 39: Improvements at lower edge, Gotthemsgatan (Source: Akgül, V. D.)
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4.5.2.b. Education
In Skarphagsskolan, traffic education is given as a part of daily life without having a separate 
course. According to the teachers interviewed, teachers have daily discussions with children 
about traffic safety, rules, and how to behave right on the roadside. In classes, they are also 
delivered handouts regarding traffic rules (Figure 41). The school gives education to classes 1 
to 6. Classes 4,5 and 6 are allowed to cycle between home and school so they are taught about 
how to use the bicycle safely, how to maintain and using helmet. It was also noted that a school 
bus service would be soon started. The school also arranges a “traffic day” every year during 
which all students are given practical and theoretical information on road safety. The children 
are taken in group out for a trip everyday with responsible teachers to get familiar with traffic 
environment which was also supported previously at 3.5.3.b. (Figure 40). One discussion 
among school and parents was leaving and taking children by car. A similar comment was 
given by the police department saying children should not be taken to school by cars. Reasons 
were expressed as speed, and long vehicle lines thus a less safe ambience for children. Police 
also note that physical improvements could bring safety but also need time and money. Instead, 
change of behavior is stated as a better solution [63].

                                       
Figure 40: Student field trip (Source: Akgül, V. D.)                      Figure 41: Hand out leaflet for                 
                                                                                                      students (Source: Akgül, V. D.)

4.5.3. SCHOOL 3: Murklans Förskola
Murklans Förskola is a pre-school located southeast of Norrköping (Figure).

4.5.3.a. Infrastructure Changes
The school is situated just near the main road Brånnestadsgatan which is linked to 
Kungsängsleden, the main collector artery with 5430 vehicles per day (2006) [64] (Figure 42). 
For that Brånnestadsgatan has higher flow than other previous links, the zebra cross is decided 
to leave as it is. The summary of the proposed and planned changes can be seen in Table 12
below.
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Figure 42: Murklans Förskola (Source: Eniro)

Name of School: Murklans Förskola
Location: Norrköpings Kommun
Included Links: Brännestadsgatan
Problem or Risk: High flow, lack of speed 

warning, low driver awareness, 
place of younger children

Type of Solution: Engineering
Description: Building of a raised pedestrian 

passage (8cm) with zebra 
crossing re-painted and crossway 
signs remaining, putting up
warning lights, placement of 
crossway signs facing each other

Date of Completion: By end of 2008
Table 12: Planned improvements for Murklans Förskola zone (Source: Akgül, V. D.)

Physical changes on Brännestadsgatan have been represented in Figure 43 below. The school 
crossing is decided to be improved by adding warning lights, raising the platform, and 
installing 30km/h speed signs as shown.

Figure 43: Improvements on Brännestadsgatan (Source: Akgül, V. D.)
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4.5.3.b. Education
A comprehensive traffic education is not given to pre-school level children. So no noticeable 
data was gathered for the school.

4.6. ACCIDENT ANALYSIS
In this part, several accidents from Norrköping that have occurred during between years 2000 
and 2008, were examined. The accident reports were taken from, Swedish Traffic Accident 
Data Acquisition (STRADA) system. Children aging 0 and 15 were selected. The accidents 
involved at least 1 child pedestrian. Information like road and weather conditions, time and 
severity was available. Finally, 28 related accidents were obtained as can be seen roughly in 
Figure 44. Out of 28, four accidents were chosen and examined. 

Figure 44: Child pedestrian crashes in Norrköping (2000-2008) (Source: Akgül, V. D. )

When we examine the time of the accidents, the highest values go roughly between 3.00pm and 
6.00pm as can be seen in Figure 45. The Figure 46 is a reflection of the 28 accidents and hours 
they happened. So, as noted in section 3.4.3.g, the afternoon hours draw a majority of child 
related incidents. 
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Figure 45: Accidents by hours 
(Source: STRADA)  

Figure 46: Accidents by age       
(Source: STRADA)
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When we look at the relation by age, although the results may vary from one country to 
another, the victims’ age makes a jump after age 10 that children at this age often experience 
more frequent accidents (Figure) thanks to their increased mobility and interest in the 
environment as noted in section 3.4.3.f. In Figure 47 below, the ratio of male and female 
children involved in the accidents are shown. In general statistical data say that male victims 
are higher than the females however the amount of data here and examining only a single city 
resulted in an opposite way where female victims were higher. 

Figure 47: Ratio of female and male victims (Source: STRADA)

4.6.1. Accident 1: Norra Promenaden
This first location was picked because the accident happened just near a primary school and the 
student suffered a collision while leaving the school. The accident scenario here was that the 
student who was running from in front of a resting bus in order to catch the tram across the 
street during which he was hit by a car. The location is near Matheusskolan on Norra 
Promenaden (Figure 48).  

Figure 48: Accident No: 1, location (Source: Akgül, V. D.)

4.6.1.a. Data
The time of the incident was 14.45 that the student was probably going back home after school. 
The accident involved an 11 year-old pedestrian and a driver. The accident happened in 
daylight on a dry surface and the location was on street.  
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Figure 49: Norra Promenaden, left arm (Source: Akgül, V. D.)
Figure 50: Norra Promenaden, right arm (Source: Akgül, V. D.)

4.6.1.b. Analysis and Recommendations
The Figure 49 shows the street where accident took place. The nex picture, Figure 50 shows the 
other direction lane of the street. The pedestrian was hit while trying to reach the tram stop in 
the middle of the street. The problem was observed as the lack of zebra cross because the road 
is used as a link towards outside the city so there is possibly a higher flow and heavy vehicle 
transport on the road as observed. The overall visibility is good but there is not enough 
awareness of a school zone. The crossway could better be a raised platform as well. Because of 
many junctions, there were no observed high speeds. Kea crossing as mentioned before 
(3.5.4.d) could be applied, a 30km/h zone should be generated through a certain length along 
the school border by putting up speed signs. Another possible solution is building chicanes 
along the school border on roadside to physically constrain drivers. The across part of the street
should also be cared and same improvements should also be available for a complete safety 
improvement.

4.6.2. Accident 2: Finspångsgatan
Traffic Situation for this accident was also examined by conflicts technique. The second 
location was picked because the accident happened on a high speed through road (Figure 51) 
and the accident happened in the morning hour with the victim crossing road to reach school, 
possibly Karlshovsskolan not so far from the junction. The accident scenario was that the 
pedestrian was yielded way at the zebra cross and while crossing, another car on second lane 
hit the pedestrian.

Figure 51: Accident No: 2, location (Source: Akgül, V. D.)
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4.6.2.a. Data
The time of the incident was 7.45am that the student was probably going to school. The 
accident involved a 12 year-old female pedestrian and a driver. The accident happened in 
daylight on a dry surface and the location was on zebra crossing.   

Figure 52-53: View from junction, Finspångsgatan (Source: Akgül, V. D.)

4.6.2.b. Analysis and Recommendations
The most obvious feature of the junction was that there was a through road with high flow and 
higher vehicle speeds compared to other accident locations. Lack of signalization is thought to 
be a concern for hazards especially when there are high speeds. According to the speeds and 
nature of the accident, the road should be decreased to single lane at the crossings where there 
are two lanes as can be seen (Figure 52& Figure 53). The physical improvements are also good 
at making children feel safer as mentioned before (3.5.4.a). Other possible solutions are rumble 
stripes to be placed in order to remind drivers of a risky zone without forcing them to stop 
abruptly.

4.6.3. Accident 3: Södra Promenaden
Accident 3 on Södra Promenaden (Figure 54) was chosen because it took place at the zebra 
crossing and was also reported as a severe injury. The accident happened at late afternoon in 
mid December that the daylight was not present. The accident falls into the afternoon group as 
most of the child pedestrian crashes as stated before (3.4.3.g). The scenario was that the 
pedestrian was hit on the pedestrian cross where the driver didnot see the pedestrian. 

Figure 54: Accident No: 3, location (Source: Akgül, V. D.)
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4.6.3.a. Data
The time of the incident was 16.40 that the student was probably going back home from school.
A driver and a student girl of age 15 were involved in the accident. The accident happened in 
lack of daylight on a dry surface and the location was on zebra crossing. There was no data 
whether the student was wearing reflective dress or stripe. The incident is a good example to 
lack of visibility on the roadside as mentioned earlier (3.4.3.b).

Figure 55: Accident location on Södra Promenaden (Source: Akgül, V. D.)
4.6.3.b. Analysis and Recommendations
At first hand, it was realized that the location failed to maintain good visibility during the risk 
hours. When looked at illumination, lights are placed only on one side of the street that extra 
illumination is needed especially on the school border. A certain length of the road is included 
by the high school on one side of the street. This border is roughly between the two zebra 
crosses as shown in Figure 55. One solution is assigning a 30km/h speed zone for the school 
area with speed signs on both sides of the stretch together with flashing light piers as in 
examples 4.5.1.a, 4.5.2.a and 4.5.3.a. Rumble stripes could also be placed to inform drivers to 
slow down for students. 

4.6.4. Accident 4: Ektorpsgatan
Accident 4 on Ektorpsgatan (Figure 56) was chosen because the injury was reported as severe. 
The accident happened at late afternoon. The scenario was that a child dashed out into the street 
from between two parking cars and was hit by a car passing by. This type of crashes was 
mentioned earlier (3.4.3.a). 

Figure 56: Accident No: 4, location (Source: Akgül, V. D.)

Zebra cross

Zebra cross



                                                         Child Pedestrian Safety
___________________________________________________________________________

___________________________________________________________________________
-66-

4.6.4.a. Data
The time of the incident was 16.38 that the student was probably coming home from school.
The accident involved a 5 year-old male pedestrian and a driver. The accident happened in lack 
of daylight on a wet surface and the location was on street.

Figure 57: South approach on Ektorpsgatan (Source: Akgül, V. D.)
Figure 58: Parked cars, south approach on Ektorpsgatan (Source: Akgül, V. D.)

4.6.4.b. Analysis and Recommendations
First of all, the accident happened in dark in mid-November. Because of the severe winter 
conditions, dark hours make problem for visibility especially on winter months. As can be seen 
from Figure 58, street lights are placed on one side of the street which should be improved. The 
accident was a dart-out crash and as can be seen, the street is full of parked cars during most of 
the day. Wet road surface and probably the fast approaching car contributed to the severity of 
the accident. Possible solution is a raised platform at the end of street which would make 
drivers slow down before they reach the junction. 

4.7. PLAY GARDENS
Sweden is famous for green areas and use of them in residential planning. In Norrköping, 
residential areas are also highly rich for green areas and parks. Most pre and elementary 
schools have their play gardens. In general, parks and playing areas contribute highly to 
physical and social development of local children. According to Norrköping Community’s 
Report for Play Gardens, play areas have been developed since around 1930’s in Norrköping. It 
is stated in the municipality’s book for play gardens that it is not possible to guide a child to 
stay away from accidents or behave cautious, and it is the traffic which should be arranged 
regarding safety of children as pedestrians. It is also noted that children would assume drivers 
will always act correctly which can lead to serious damage, and most important measure is 
stated as separating children and traffic environment according to the previous child safety 
studies [62].  According to the report, the area itself and if possible, the entrance of the 
residential area should be free of vehicles to make safer playing environment for pre-school 
children. According to the Swedish norms (1975) it was stated that regarding the need for 
smaller children, there should be a vehicle-free 50m entrance gap, and a 150m gap from the 
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outer door, for older children. Also, traffic within at least 300m from residential zone should be 
well arranged. Cycle path and passage way are examples to these traffic elements to be 
considered. 

It is stated that most of the current parks were built during 1950’s and 1960’s [62]. Safely 
designed and sufficiently wide parks act best in “park cities” type residential zones which are 
called the Swedish word “grannskapsområde”. The park cities are specially designed 
landscapes including all items that a small city would need. They include apartment blocks –so 
called “flerbostadshus”- and detached houses –so called “enbostadshus”-. They are especially
convenient for child growth. In this paper three examples are given from Norrköping which are 
Eneby, Ektorp and Ljura regions. In each region, sample photos are presented and park areas 
have been pointed both as symbols and pictures. Figure 59 is a legend showing symbols in the 
illustrated maps under each zone.

Figure 59: Legend for school illustrations (Source: Norrköpings Kommun)
4.7.1. Location 1: Eneby
Eneby is a park city located northwest of Norrköping. It has own social center with shops, 
school and park area. There are 899 children (0-18 age) living in the area. There are 3 
community parks in the region. The main green area, so called, Enebyparken is situated in the 
middle section of the area [62]. The main arteries around the region are Finspångsvägen, De 
Geers Gatan and Rågången as seen in Figure 60. The border streets closer to the region have 
been donated with traffic calming arrangements like the big midblock crossing island as seen in 
Figure 64.

Figure 60: Overview of Eneby (Source: Eniro)
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Figure 61: Illustration of Eneby zone with schools (Source: Norrköpings Kommun)

The Figure 61 shows schools and parks in Eneby region that 1 main park, 2 pre-schools and 2 
elementary schools are located in the region. 

Figure 62: Enebyparksskolan (Source: Akgül, V. D.)
Figure 63: Green areas in Eneby region (Source: Akgül, V. D.)
Figure 64: Large size midblock island (Source: Akgül, V. D.)

Enebyparksskolan (Figure 62) is located in the main park area. Figure 63 shows Eneby park 
from a broad view. Figure 65 and Figure 66 also show playing instruments and a small football 
stadium designed for children.

                          
Figure 65: View from Eneby region (Source: Akgül, V. D.)
Figure 66: View from Eneby region (Source: Akgül, V. D.)
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4.7.2. Location 2: Ektorp
Ektorp is a park city located roughly southwest of Norrköping. There are 973 children (0-18 
age) living and 2 play gardens in the area. Having 2 community parks, it is noted that most of 
the habitants have access to a park play garden within a 300m distance, except habitants in 
northern side [62]. Related to this, there are two under passage tunnels crossing the main artery 
Skarphagsleden, linking the upper and lower parts of the region that football stadium and play 
gardens could be reached safely by children. The two tunnels are shown by numbers in Figure 
67. The first tunnel is shown in Figure 69 and the second one in Figure 71.

Figure 67: Overview of Ektorp (Source: Eniro)

The picture below (Figure 70) shows a pre-school, “Målgräns Förskola” in the northern part of 
the city. The school is an example for use of the play gardens and activity grounds by children 
via under passages. 

Figure 68: Illustration of Ektorp zone with schools (Source: Norrköpings Kommun)
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The Figure shows an illustrated picture of the region with parks and schools. There are pre-
school and elementary schools. 

    
Figure 69-70-71: View from Ektorp region (Source: Akgül, V. D.)

There are also small parks in all park cities as well as in Ektorp. Figure 72 is an example of 
such parks just near apartment blocks. In Figure 73, residential blocks are seen from the 
Ektorpsskolan behind. Access to the school is also quite safe regarding vehicle traffic.

                       
Figure 72-73: View from Ektorp region (Source: Akgül, V. D.)

4.7.3. Location 3: Ljura
Ljura is a park city located southeast of Norrköping (Figure 74). There are 364 children living 
in the region. There is only one community play garden which is located in the middle, called 
Ljurapark.

Figure 74: Overview of Ljura (Source: Eniro)
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In Figure 75, main park and schools are illustrated. Because of the smaller size of the region,
walk to parks or schools take less time, as stated [62]. 

Figure 75: Illustration of Ljura zone with schools (Source: Norrköpings Kommun)

                           
Figure 76-77: View from Ljura region (Source: Akgül, V. D.)

In the above pictures taken from the region, the first one (Figure 76) is the Ljura skolan which 
is giving eucation to children who need special mental and physical care. Figure 77 is a view of 
the “Ljuraparken” which is quite spacious and safe for many groups of children including play 
instruments and sports activities. Besides, as in every region, (Figure 78 & Figure 79) there are 
also smaller parks surrounded by houses which could be considered more suitable for younger 
children. 
All these settlements make a traffic-free environment with children and vehicles separated from 
each other. So, role of land use in child pedestrian safety could be well understood by such 
landscape dwelling models. 

                 
Figure 78-79: View from Ljura region (Source: Akgül, V. D.)
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Finally as summarized in the Play Garden Report by Norrköping Municipality, children need 
free and saf areas where they can play safely, experience and learn about nature, and gain 
social and individual merits [62].

4.8. CONFLICT ANALYSIS
The conflict analysis was done for the two junctions on Ektorpsgatan and Finspångsgatan. A 
single video camera was used to take records of traffic interactions among vehicles during 
morning (Ektorpsgatan) and afternoon (Finspångsgatan) peak hours (7.00am to 9.00am & 
3.30pm to 5.30pm) according to time of accident.

4.8.1. RESULTS FOR THE JUNCTIONS
The videos for the junctions were examined; approximate speed and conflicting distance of 
vehicles were recorded by means of printed pictures of the junctions of certain scale. Due to 
limitations such as limited number of observers and equipment, some non serious conflicts had 
to be ignored because of limited camera view. However, results are thought to give an idea on 
the conflict severity of the locations. Time to accident values were calculated by using the 
speed/distance table as shown in appendix. The results for Ektorpsgatan are shown in Figure 80 
and Finspångsgatan in Figure 81.

5. DISCUSSION
As we look at the results and features regarding the settlements and incidents from Norrköping, 
we can say that there are problems as well as good practices. The municipality states that there
were no extremely high frequency accidents regarding child pedestrians and parents were  in 
general pleased with the safety situation. When we look at the physical improvements to be 
applied to certain locations, the common changes were noted as raised platforms, speed 
limitation zones, and warning flash lights. According to interview at the municipality, zebra 
crossing was stated as a measure that makes pedestrians feel safe at any time crossing. In some 
locations, the existing zebra cross was planned to be removed and a passage was considered 
instead. This would prevent false feeling by students that they will watch out more carefully 

Figure 80: Ektorpsgatan-Skarphagsleden
(Source: Akgül, V. D.)

Figure 81: Karlshovsvägen-
Finspångsgatan (Source: Akgül, V. D.)
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instead of feeling “extra” confident about the crossing. Another factor is the traffic flow that 
unless there is high flow, zebra crossing is not considered. Economical aspects like 
maintenance costs also count as factor. Only in Murklans Förskola, the zebra cross on the street 
was planned to be preserved for the presence of frequent vehicle flow and enhanced by a raised 
platform. Zebra cross here is important as the children were rather young that a safer walk was 
essential. The education was at a good level that compared to special traffic classes in higher 
school which are not issued in this paper, elementary schools provide enough education and 
provide good acquaintance of traffic and its practice. Hand outs, booklets, classroom games, 
discussion during lectures, field group trips all together provide a comprehensive view of 
traffic safety for the children. As we focus on the accidents, the four selected accidents show 
that incidents may result from various reasons. Main factors for the accidents can be said as 
lack of visibility, overspeeding, and lack of awareness of school zones. In places of zebra cross 
crashes, a raised passage platform is thought to be essential. In terms of land use, 
Grannskapsområde is thought to be a promising solution regarding children’s ability to play 
and grow freely in a safe environment without need for contact with streets of heavy traffic. In 
the paper, he results provided with the road safety audit are intended to be improved by 
conflicts technique for the two locations having intersections. The intersections were chosen 
for they did not have signalization which resulted in more conflicts and higher chance to 
observe. However, due to technical limitations such as camera view width, some actual speed 
values couldnot be calculated that average estimated values were used. Despite all, the conflict 
charts provided as in Figure 80&81 give clear idea on the locations. In Ektorpsgatan, conflict 
speed range roughly between 20 and 80km/h while in Finspångsgatan ranges between 20 to 
120km/h which is a serious upper limit. Although Finspångsgatan has most of the flow during 
peak hours, the high speed can cause risk at a considerable level. The accident at Ektorpsgatan 
indicated that drivers should be made slower when exiting the town especially in presence of 
parked cars. If the cars cannot be removed, physical measures like chicanes or raised and 
narrowed passage to the junction must be built at the end of the street. Behavior patterns of 
children may vary according to their varying ages and growth standards. This paper states that 
the whole environment including roads, sidewalks, nearby junctions and traffic events should 
be examined as widely as possible instead of focusing only origin destination routes between 
school and home. A collective evaluation of an area with different safety methods thus is 
promoted. RSA and conflicts technique are used together here as an example to such a study.

6. CONCLUSION AND FINAL COMMENTS
Child pedestrian safety is a serious issue that a comprehensive approach should be taken by 
various authorities within the society. In order to achieve a safer environment for children, the 
titles mentioned earlier should be well understood and adopted. Education, engineering, 
enforcement as main countermeasure groups should be studies together. Public awareness
should continuously be aroused by periodical commercials, campaigns or written media. 
Education should be widely taken and improvements like simulation tools, field excursions etc. 
should be considered at schools as much as possible, especially in developing countries. As a 
main engineering measure, traffic calming should be highlighted and applied for its accident 
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preventive results. Parents should also be educated or informed about child growth and traffic 
safety that they could be good role models for their children. Drivers should know about child 
pedestrians and their nature of behavior in traffic. A well designed land use with a balanced 
distribution of traffic and enough play areas for children as well as safe walking routes should 
be considered in the urban planning. It was also thought important to use collective approach 
with multiple techniques regarding safety evaluation for children in a certain area. Finally, 
solutions and improvements should be done in a way looking at a child’s perspective. 
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8. APPENDIX
8.1. Sample Report of Child Crashes (STRADA)
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8.2. Measurement Template for the Traffic Conflict Technique
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8.3. Table for Calculating “Time To Accident” value
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8.4. Checklist For Road Safety Audit, (Child Pedestrian Accident Zones)

No Description Notes
1 Is the lane width wide enough to provide safe 

ride?

2 Do any arms or points cause driver confusion?

3 Have the old road marks been taken away 
properly?

4 Are street lights and treelane regularly arranged?

5 Is the pavement in good condition without 
deflections or cavities?

6 Is the passageway wide enough in case of heavy 
snow?

7 Are there necessary speed limitations installed if 
necessary?

8 Is there a crossway or pedestrian passage?

9 Are there any calming structures like humps, 
chicanes, cameras etc.?

10 How is overall visibility?

11 How is visibility&illumination at night?

12 Is there roadside parking?

13 Is there a midblock crossway?

14 Is the location near a play garden?

15 Is the location near a school?

16 Is the roadside well drained under extreme 
weather conditions?
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8.5. School Area Physical Changes: Villastadsskolan
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8.6. School Area Physical Changes: Skarphagsskolan
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8.7. School Area Physical Changes: Murklans Förskola


