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A B S T R A C T   

There is a general consensus that children and adolescents should ideally travel to school actively and inde
pendently. Yet, in many parts of the world, real and perceived traffic risks represent a major barrier to walking, 
cycling, or the use of scooters. As the perspectives of children and adolescents on perceived dangers are insuf
ficiently understood, this quantitative-qualitative study compares injury data for 2019–2021 with questionnaires 
answered by school management (n=40 school managers) and focus-group interviews with students aged 6–17 
(n=40) in the city of Freiburg, Germany. The triangulation indicates that a significant number of collisions and 
injuries in traffic appear to go unreported, and that school routes are characterized by insecurity and perceived 
dangers. The analysis suggests that perceptions of risk change with age, and in reflection of influences including 
cognitive ability and motor skills, social environment and attitudes, transport mode, and technology adoption. 
Results are conceptualized as an incapacity-incapability space, indicating that relative risk exposure is highest for 
younger children (5–9 years), and for teenagers (12–16 years). Findings have implications for the study of traffic 
risks, urban design and transport planning and policy.   

1. Introduction 

The way to school is one of the earliest encounters of children with 
transport systems. In Europe, and Germany in particular, it is common 
for children in many cities to travel to school independently. Children 
will walk, use scooters, or ride bikes; older children will also use public 
transport including busses, trams, and sometimes trains. Travel to school 
is a routine that means being confronted with traffic risks, shaping 
perceptions of transport systems and urban designs. These experiences 
influence current and, possibly, future transport behaviour. How chil
dren travel to school varies depending on transport culture, and includes 
a wide range of perceived personal, physical and social barriers (Lu et al. 
2014; Carver et al. 2013). In a comparative study in seven European 
countries, factors affecting children’s school mobility patterns were 
found to include parents’ mobility choices and safety perceptions; bike 
ownership and commute distance; availability of public transport; and 
population density (Masoumi et al. 2020). Other studies have pointed to 
traffic situation, built environment and traffic designs, including spots 

that are difficult to navigate (Chillón et al. 2015; Davison et al. 2008; 
Schützhofer et al. 2018; Twisk et al. 2013), as well as the age of children 
and their mental and physical capabilities (Meir et al. 2015; Meir and 
Oron-Gilad, 2020; Zeuwts et al. 2015). 

Even though the relevance of perceived safety for transport mode 
decisions is understood (Cobb et al. 2021; Goel et al. 2021; Snelson et al. 
1993), research addressing these interrelationships from the perspective 
of the children themselves is rare (Evenson et al. 2006; Granié 2007, 
2009). To adequately consider the complexity of traffic risks, which may 
be real or perceived, the study compares injury data, the views of school 
management, and the children’s own perceptions of dangers. The study 
is based in Freiburg, Germany, where a majority of children commutes 
over short distances, mostly walking, cycling or using scooters. Even 
though Freiburg has comparably high active transport shares (Green 
City Freiburg, 2022), traffic situations can be complex, as different 
transport modes intersect at schools (cyclists, e-scooters, busses, trams, 
“parent taxis”), while children have to navigate crossings, traffic lights, 
bus stops, parked cars, or construction sites. Their fears and 
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understanding of risks is consequently of relevance for traffic planning 
and urban designs that can support children’s independent and active 
travel to school. 

2. Theoretical background 

Traffic risks are usually assessed on the basis of recorded injuries, 
with active transport users being disproportionally more often involved 
in collisions (Aldred and Crosweller, 2015). This “objective” approach to 
risk evaluation is not equivalent to safety, as evident from studies on 
near misses (e.g. Aldred, 2016; Aldred and Goodman, 2018). There is 
also an associated issue of crashes not leading to injuries or injuries 
going unrecorded (Juillard et al. 2017), as well as injuries being recor
ded, but injury mechanisms remaining unknown (Airaksinen et al., 
2020). As a study for Europe by the World Health Organization 
(Racioppi et al. 2004: 23) underlined, injury underreporting is signifi
cant, with for instance UK data showing that “36% of road traffic injuries 
are not reported to the police”, and one fifth (20%) of reported crashes 
remaining unrecorded. This suggests that dangers in traffic cannot be 
accurately understood on the basis of official data on injuries alone. 
Even where traffic designs are collision and injury free, they may not 
necessarily be perceived as safe (Abadi and Hurwitz, 2018; Hull and 
O’Holleran, 2014; Møller and Hels, 2008; Winters et al. 2012). 

Children are particularly vulnerable in traffic, as they lack motor 
skills to navigate traffic (Schützhofer et al. 2018), and because they do 
not appropriately recognize and respond to dangers (Tomoda et al. 
2022). Motor skills, visual and acoustic perceptions, and cognitive ca
pabilities develop with age, and often with considerable variability be
tween individual children (Limbourg, 1995; Meir et al. 2015; Meir and 
Oron-Gilad, 2020; Zeuwts et al. 2015, 2016). Road traffic is becoming 
increasingly complex. Cities implement cycle lanes, add signage, 
implement traffic calming barriers, or legalize new transport modes such 
as e-scooters. This affects younger children, who can track fewer objects 
simultaneously (Dye & Bavelier, 2010; Kovesdi & Barton, 2013; Zeuwts 
et al. 2017). Awareness of traffic risks and availability to process pe
ripheral information increases with age (Wann et al. 2011; Zeuwts et al. 
2016), and 7–8-year-olds are focused on central vision, for example 
when crossing intersections (Jiang et al., 2021). Children 6–8 years old 
cannot correctly estimate the speed and distance of approaching vehi
cles (Joly et al. 1991; Van der Molen, 2002), and base their decisions to 
cross a road on the gap size between vehicles (Congiu et al. 2006; 
Morrongiello et al. 2016). As they also need more time to initiate a 
crossing (Jiang et al. 2021), this results in more collisions of 6–10 
year-olds with vehicles, compared to 14 year-olds and adults (O’Neal 
et al. 2017). This is equally true for children on bikes, who underesti
mate the time required to cross a road (Plumert et al. 2004). 

There are also significant, age-related differences in the processing of 
auditory information in traffic situations. For example, 6–9 year-old 
children have greater difficulties in estimating the existence, direction, 
and time-to-arrival of a car based on sound (Barton et al. 2013). The 
development of noise-reducing road surfaces and e-cars with reduced 
engine noise thus increases auditory risks (Brand et al. 2013; Mendonça 
et al. 2013). Younger children also have greater problems to stay focused 
(Schmidt & Funk, 2021; Schützhofer et al. 2018), and they have diffi
culties to understand the behaviour and limitations of others, such as a 
car driver’s blind spots (Twisk et al. 2013). 

Even young children can identify traffic dangers, but cognitive 
abilities to recognize risks develop between 6 and 14 years (Granié 
2007). Children aged 6–8 have been found to ignore even basic traffic 
rules, such as to stop before crossing a road (Morrongiello and Kiriakou, 
2006). They do not seek eye contact with drivers, a behavior allowing 
for non-verbal communication. Children are, depending on how tall they 
are, also limited in their perceptions, as bonnets or other car parts block 
views. Awareness of the risks implied in obscured views is insufficiently 
developed in younger children aged 7–9 years (Lehtonen et al. 2017; 
Meir et al. 2015). Younger children’s knowledge of traffic rules and risks 

“should thus not to be equated with understanding” (Schützhofer et al. 
2018: 6). Traffic danger awareness is a result of maturity and experience 
(Vansteenkiste et al. 2016). This changes with older age, as adolescents, 
and boys more than girls, show an increased tendency for rule violations 
(Granié 2007, 2009). 

Parents have a strong influence on their children’s behavior in 
traffic, as they are the earliest educators on traffic dangers. Parents also 
influence the perceptions of children (Nevelsteen et al. 2012; van den 
Berg, 2020). Where safety cultures exist, this can have a positive effect 
on safety (Morrongiello et al. 2008), although parents are not neces
sarily role models in their actual traffic behaviors (Cloutier et al. 2017; 
Morrongiello & Barton, 2009; Zeedyk & Kelly, 2003). Parental super
vision of children declines with age and is replaced by peer influence, 
including views on traffic risks and behavior (Darvell et al. 2015; Mor
rongiello et al. 2019). In particular teenagers (aged 13–16) will engage 
in riskier traffic behaviors in the company of peers, specifically boys 
(Gardner and Steinberg, 2005). Peers thus influence behavioral norms, 
and increase traffic risks when children travel together (Koekemoer 
et al. 2017). 

Active travel to school consequently involves risks that depend on 
various factors, such as safety culture, peers, transport mode forms 
(walking, cycling, scooter-riding), traffic density and speed, built envi
ronment, parked cars, safety infrastructure such as crossings, as well as 
cognitive ability and motor skills (Hwang et al. 2017; Lu et al. 2014; 
Masoumi et al. 2020; Nevelsteen et al. 2012; Rothman et al. 2014; 
Rothman et al. 2017; Scheiner et al. 2019; van den Berg et al. 2020). It is 
less clear how the children themselves perceive traffic risks. Evidence 
from a survey in Germany (Landeshauptstadt Stuttgart 2006) suggests 
that they consider some infrastructures as safe, such as pavements (see 
also Amiour et al. 2022) and others as unsafe (riding bikes on shared 
roads, cycle tracks in bad shape). Children note careless drivers; cars 
parked on cycle tracks or pavements; construction and road mainte
nance sites; and they feel less safe in situations involving high vehicle 
traffic volumes and speeds (Landeshauptstadt Stuttgart 2006). 

German children’s perceptions of risks are aligned with actual risks. 
Germany is a country with 11.9 million children up to 15 years old 
(Destatis, 2023). In 2022, 51 children were killed in traffic collisions, 
and 25,800 children involved in injuries. As highlighted by the Federal 
Office of Statistics (2023), 6–14-year-olds are disproportionally often 
injured on weekday mornings between 7 and 8 am, this is, on the way to 
school. The period accounts for 14% of all collisions, followed by 
another 11% of injuries occurring between 3 and 4 pm, i.e. when many 
children return home. The way to school is thus characterized by 
considerable risk for children, and thus represents an opportunity to 
reduce injury numbers. 

In light of these considerations, the primary goal of this paper is to 
juxtapose injury statistics with the insights and viewpoints of both 
school managers and children. This comparative analysis is used to 
conceptualize the extent of risk exposure concerning various factors, 
including age, social environment, attitudes, technology adoption, 
cognitive abilities, and motor skills. The paper also contributes to a more 
comprehensive understanding of traffic risk exposure, thereby enabling 
a discussion of urban designs, transport planning and policy. 

3. Methodology 

The study investigates the perspectives of school management and 
school children in Freiburg, Germany, as questionnaires (school man
agement) and focus group interviews (school children) presuppose a 
locational focus. Two age groups are distinguished, i.e. “children” (age 
range 6–10, primary school), and “adolescents” (age range 11–17, sec
ondary school). To assess objective (reported injuries) and subjective 
(school management and children’s views) traffic risks, the project 
combines a quantitative/qualitative approach in a convergent parallel 
design (Bryman, 2016), evaluating: 
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1) Injury data related to traffic of children on the way to school 
(quantitative; descriptive statistics); 

2) The perceptions of school representatives (n=40) of the traffic situ
ation characterizing their schools (quantitative [descriptive statis
tics]; qualitative);  

3) Focus group interviews with (n=40) children in primary schools 
(classes 1–4; age range 6–11) and secondary schools (classes 5–12; 
age range 11–17) (qualitative). 

Injury data for primary schools was compiled and made available 
specifically for the city of Freiburg by Unfallkasse Baden-Württemberg 
(www.ukbw.de), a regional insurer registering all injuries that have 
required a visit to an emergency room or physician. Data covers the 
period from 2019 to 2021 (three years) but is available only for primary 
schools in Freiburg. A total of n=96 injuries were recorded for school 
routes. 

School management views of children’s travel risks appear to have 
been rarely addressed (Price et al. 2011). For this research, assessments 
by school management were sought from all schools in Freiburg (N=64). 
The request for data was sent to principals in November 2021, in 
co-operation with the city of Freiburg’s school board (“Schulamt”). The 
city provided emails for all schools, informed schools about the project, 
and encouraged participation in the project. Also due to the ongoing 
COVID-19 situation, information was collected through a questionnaire 
focused on children/adolescent’s use of transport modes (estimates), 
traffic conflicts and risks, reported injuries, as well as measures carried 
out to improve traffic safety. Schools were provided with a link to an 
electronic form, in which school management (principals or 
vice-principals) were asked to enter information regarding the transport 
modes used by children/adolescents, traffic risks and conflicts, injury 
occurrence, as well as preventive measures taken by schools to increase 
traffic safety. For example, questions were formulated as this: “If there 
are traffic conflicts, could you describe these? Does the school try to 
increase the safety of school routes?” 

Despite the pressure put by the pandemic on managers, the response 
rate was high, with 63% (n=40) of schools answering the questionnaire. 
Data was summarized in a document distinguishing primary and sec
ondary schools, and evaluated using descriptive statistics, along with a 
thematic analysis of written comments. To validate findings, two re
searchers independently assessed the data (Bryman, 2016). There were 
no discrepancies to report. It is acknowledged that some of the data 
provided by school management, for instance in regard to transport 
mode shares, is indicative. Schools in Freiburg however seem to have a 
very good understanding of how children/adolescents travel, and some 
schools even carry out surveys. 

The main empirical part of the project focused on the perspectives of 
school children/adolescents, whose views complement injury data as 
well as school management perspectives on traffic risks. Out of the 64 
schools in Freiburg, only three principals agreed to organize focus group 
interviews. This can be explained with the considerable administrative 
burdens implied, i.e. to secure written parental consent for participation 
of the children/adolescents in interviews; to organize an interview-day 
and a room for interviews; and to interrupt classes for groups of chil
dren/adolescents to participate in the interviews. All interviews were 
carried out by two researchers. They were organized as focus group 
interviews to reduce feelings of potential intimidation among children/ 
adolescents and to make the talks more inspirational through the ex
change of perspectives among the children/adolescents. Focus groups 
contained two, three or four children/adolescents, and were organized 
at two primary schools (including a total of seven focus groups, with 
n=16 children aged 6–10) and one secondary school (seven focus 
groups, with n=23 adolescents aged 10–17). Of the n=39 students 
interviewed, 20 were male and 19 female. Children/adolescents were 
interviewed in February, April and May 2022. Focus group interviews 
were organized by teachers who selected children/adolescents volun
teering for the task and thus represent a convenience sample. While this 

may have influenced the pool of children/adolescents interviewed, there 
was no evidence to suggest that the children/adolescents held specific or 
homogenous views. 

All students only had a general idea of the focus group interview 
context (“travel to school”) as the purpose of the study was only 
communicated in general terms. Interviews lasted between 9:01 minutes 
and 18:52 minutes and were recorded. Anonymity was ensured by 
noting only age, gender, and the respective students’ first name for 
communication during the interview. Interviews comprised broad 
questions regarding way to school (length, mode of transport used), 
traffic situation encountered, and infrastructural or traffic changes that 
would improve the way to school. The issue of traffic dangers was not 
raised by the researchers, though noted and elaborated on when raised 
by children/adolescents. While children/adolescents discussed personal 
perspectives, the focus group format also allowed for an exchange of 
viewpoints and reflections between children/adolescents. Important 
points raised by the children/adolescents were also recorded as field 
notes. 

All files, including the audio files were later on evaluated in a 
comparative thematic analysis (Bryman, 2016) to ensure all elements of 
relevance had been considered. More specifically, we followed an axial 
coding procedure, in which we identified themes mentioned by students 
(e.g. “parent concerns influence children’s behaviour”) created cate
gories summarizing similar themes (e.g. “social environment and atti
tudes”), and then connected these categories (e.g. Strauss and Corbin, 
1990). To validate the process and the findings, the data was again 
independently evaluated in a parallel assessment by two researchers. 
There were only minor disparities that were deliberated upon and 
resolved, while the process also allowed to add individual observations. 
Results are distinguished for primary and secondary schools and orga
nized as themes also underlying the conceptualization (Fig. 2; social 
environment & attitudes; transport modes & technology; cognitive 
abilities; motor skills). 

The study has several limitations, with the primary concerns being 
the geographical scope and the restricted number of children inter
viewed. The use of focus groups involving only two children may have 
limited the depth of exchanges. Considering the significance of the 
study’s findings, there is a need for its replication, possibly in a manner 
that allows for a more representative interpretation. 

4. Results 

4.1. Reported injuries 

Injury data for primary schools includes a total of n=96 injuries 
recorded for children aged 6–11, between 2019 and 2021. Even though 
this is an insufficient basis for generalizations beyond the local context, 
data does suggest that a large share of injuries are self-injuries (79%; 
n=76), i.e. smaller children experience motor skill deficits, compounded 
by issues of being distracted or inattentive. The ‘sequence of events’ 
leading to such injuries is described in insurance reports as “running and 
stumbling”, “tumbling from scooter”, or “falling from bike”, along with a 
generic assessment of the injury cause, which may for example include 
“lack of motor skills”, “tussle and play”, or “weather conditions”. 
Available data is consequently insufficiently detailed to assess the role of 
infrastructure designs (e.g., narrow boardwalks) or other influential 
factors (e.g., limited visibility due to parked cars). 

Other traffic participants are involved in only one in five injuries 
(19%, n=18). Here, the car is the most relevant cause of injuries (n=10). 
In four cases, collisions involve a cyclist, a pedestrian in another three, 
and a tram in one. The data also suggests that injury frequency increases 
between ages 6–9, to then fall when children become older. Given the 
low number of observations, this is indicative. Data shows that grazes 
and wounds represent the most prevalent injuries (n=16), followed by 
bone fractures (n=15), tooth fractures (n=13) and cranial bruises 
(n=14) - the latter sometimes in combination with tooth fractures. 

S. Gössling et al.                                                                                                                                                                                                                                

http://www.ukbw.de


Journal of Cycling and Micromobility Research 2 (2024) 100019

4

Again, it is unclear whether this is representative of school route injuries 
more generally. 

Regarding transport modes, data reveals that scooters are involved in 
most injuries (n=41), followed by walking (n=33) and cycling (n=16). 
As the share of kilometers travelled with each transport mode is un
known, this does not imply a hierarchy of transport mode risks. Scooters, 
for example, are frequently used by smaller children for school travel. 
Many children also walk to school, specifically when living nearby. In 
regard to bicycle-related injuries it is important to know that children in 
Germany have to pass a bicycle test at the age of 10 (in fourth grade) and 
are only then encouraged to cycle to school. 

Overall, the available injury data is of limited value for the evalua
tion of traffic risks, as case numbers are low, while descriptions of cir
cumstances leading to injury remain unclear. The high share of self- 
injury confirms insufficiently developed motor skills, including sense 
of balance, and cognitive issues (inattentiveness, inability to understand 
risks). Whether self-injuries are caused or compounded by traffic 
infrastructure designs remains uncertain, as descriptions of injury cir
cumstances do only sometimes refer to the built environment (e.g., 
“scooter caught on pavement”). Injury data nevertheless suggests that 
way-to-school injuries are not rare, and sometimes even have grave 
consequences (fractures and trauma). A preliminary insight from this 
analysis is thus the desirability of more detailed injury reports. 

4.2. School management perspectives on traffic risks 

School management perspectives are distinguished for primary 
(representing about 5000 students in this study) and secondary schools 
(about 9800 students). According to managers, walking (50%), and 
scooters (19%) are the most prevalent transport modes in primary 
school. Ten percent of the children use bicycles, while trams and busses 
are used by 3% each. School management suggests that a significant 
share of the children, 15%, are brought to school by their parents in 
private cars. There is a notable change in secondary school, where the 
bicycle becomes the most important transport mode (25%), followed by 
trams (24%), busses (20%), and trains (14%). Walking declines to 9%, 
and “parent taxis” to 5%. While only indicative, these changes can be 
explained with a significant increase in travel distances to secondary 
schools, and greater independence of the children. The bicycle gains 
popularity as distances of several kilometers can be easily covered, while 
the children have also gained motor skills. However, those with longer 
travel distances are reliant on trams, busses and sometimes trains. 

In regard to traffic risks, 34 out of 40 schools reported conflicts. 
Primary schools associate most risks with traffic behavior and infra
structure. Children have problems to navigate high-traffic roads; safety 

risks arise out of parent taxis and the behavior of other traffic partici
pants. The ignorance of traffic rules was also highlighted. Infrastructure 
risks are mentioned in referral to the design of pedestrian walks and 
cycle lanes, as well as crossings. In comparison, secondary schools report 
most risks as being related to car drivers not adhering to traffic rules; the 
organization of public transport; the character of pedestrian walks, cycle 
tracks and crossings; and students’ inappropriate (risky) traffic 
behavior. 

To better understand the relevance of individual aspects, a related 
question addressed pre-determined traffic risks on a Likert scale from 1 
(no problem) to 5 (a significant problem) (Fig. 1). Responses suggest that 
the management of primary and secondary schools (sometimes) differs 
in their perceptions of individual risks, though primary schools are 
generally considered more exposed. Of specific interest is that both the 
management in primary and secondary schools see the behavior of 
parents as the most significant traffic problem, though the assessment 
does not allow for an analysis of the type of behavior referred to. In 
primary schools, this is followed by a lack of crossings, limited visibility 
and overview of the traffic situation, for instance because of parked cars, 
and “parent taxis”. Traffic density, missing traffic lights, short green 
phases at traffic lights, and missing speed controls are also mentioned. 
Notably, the management in primary schools rates all of the nine traffic 
risks higher than 2.5, the average Likert-scale value. The situation is 
somewhat different in secondary schools, where parent taxis, traffic 
density, lack of crossings, short green phases, and lack of traffic lights 
are relevant issues, indicating that risks decline as well as shift. 

School management also reported on injuries. Of the 40 schools that 
had answered the questionnaire, 28 schools reported a total of n=49 
injuries for a single month, November 2021 (when the questionnaires 
had been sent to managers). Of these, n=30 happened at primary 
schools, involving seven seriously injured children, five of these in col
lisions with cars. Injury incidences recorded by primary schools in just 
one month (n=30) consequently seem high in comparison to the 96 
injuries reported to the insurer over the three-year period 2019–2021. 
Notably, five of the injuries occurring in November 2021 involved 
seriously injured children/adolescents in collisions with cars. Yet, only 
ten such car collisions appear in the insurer statistic over the three-year 
period. While no statistical conclusions can be drawn from this, data 
nevertheless suggests that a significant number of traffic injuries go 
unreported. 

Finally, more than half of the schools (n=22) have sought to improve 
traffic safety. This includes informing parents, discussions of travel-to- 
school plans, parent initiatives, traffic education, or initiatives to slow 
down traffic or to achieve changes in infrastructure designs in discus
sions with city representatives. Regarding the latter, schools had 

Fig. 1. Primary and secondary schools’ managers’ traffic risk ratings.  
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submitted ideas focused on crossings, pavements and cycle tracks, bus 
and tram connections, speed limits, limitations of motorized individual 
transport, or educational measures. While such initiatives apparently 
had limited success, results underline that school management in many 
schools is aware of traffic risks and proactively engaged in improving 
traffic safety. 

School management views indicate that a considerable number of 
injuries may not be reported to insurers. They reveal that parent 
behaviour is considered a main barrier to traffic safety. They also show 
that primary schools feel more exposed to traffic risks than secondary 
schools, reporting higher injury rates than secondary schools, and that 
such risks involve traffic density, infrastructure designs (missing traffic 
lights), behaviour (parents, students, other traffic participants), as well 
as transport planning and designs (short green phases, lack of traffic 
controls, lack of traffic lights and crossings). Given that most children/ 
adolescents walk to primary schools while most injuries involve 
scooters, the relevance of transport mode choices is indirectly high
lighted. Further research is however needed to confirm that scooters are 
unsafe transport modes. 

4.3. Children/adolescents’ perspectives on traffic dangers 

Interviews with focus groups in primary and secondary schools 
reveal further insights. Primary school children report risks related to 
infrastructure, the organization of traffic, the reckless behaviour of other 
traffic participants, and negative traffic experiences leading to injuries. 
Children also talked about transport system changes that might improve 
safety. Both crossings and construction sites were mentioned by children 
as causing anxieties. Children were adamant to underline that crossings 
are problematic because automobilists may or may not stop, while 
construction sites force children to reconsider routines and find alter
native ways. Traffic risks also arise out of cars or busses overtaking or 
passing by too closely; limited visibility in traffic because of parked cars 
and in particular larger vehicles; and complex traffic situations. 

Children report that they often feel overlooked in traffic and en
dangered by car drivers ignoring traffic rules. For instance, drivers 
would not stop for waiting children at crossings, or run red lights. It is 
also of interest that children’s perceptions are affected by views and 
experiences of peers and family: parents talking about their own traffic 
collisions, injured friends, hit-and-run occurrences, or parental re
strictions of bicycle use out of safety concerns. Leaving home late for 
school was mentioned by several children as a stressor, sometimes 
forcing them to use a scooter or bicycle to still make it to school in time. 
In line with this, missed busses, along with bad weather and appoint
ments in town (e.g., to see a doctor), were mentioned as reasons for 
“parent taxis”. 

Traffic lights were perceived as safe to cross roads, though overall 
views of traffic organization were negative. Children felt that the traffic 
system dictated behaviour, and exposed them to traffic dangers. They 
reported to be overlooked by other traffic participants, not only drivers, 
and to be treated unfairly regarding priorities such as waiting times at 
traffic lights. A preliminary finding of this research is also that while 
younger children - first and second grade - where still capable of 
imagining a different, ‘better’ transport system to make travel to school 
safer (fewer cars, ‘play street’ designs), older children seemed to accept 
the system as given. 

Focus group interviews conducted in secondary schools mirror those 
in primary schools, though the higher age of the respondents reflects on 
changes in transport mode use, motor skills, cognitive abilities, and 
more ‘mature’ perspectives on the design and organization of traffic. 
Adolescents expressed greater awareness of dangers, such as slippery 
roads or elevated pavements, constructions sites, or poor visibility due 
to parked vehicles. They also reflected on themselves in traffic, for 
instance when cycling in groups and thus provoking automobilists. 
Perceived traffic risks include drivers ignoring traffic rules such as 
mandated stops at crossings to let students pass, or regulation that 

prohibits parking on pavements. Risks also include dense traffic, unclear 
traffic situations, dark roads, or long waiting times at traffic lights, with 
short green phases. Adolescents reported that wearing bicycle helmets is 
considered a nuisance, pointing out that parents would not wear 
helmets. 

Forms of ‘transport rebellion’ are notable from the age of 12 years. 
This includes to no longer wear helmets, or to ignore red traffic lights 
when waiting times are considered excessive. Forms of rebellion may 
also include other aspects, such as to ride without lights or in ways that 
deliberately block road space for car drivers. Students also discussed 
crash experiences, as well as minor injuries and frequent near misses. 
Acceptance of the traffic system as a given appears to manifest itself with 
higher age: the dominating role of the car in traffic, as well as the 
anticipation of collisions are examples. 

In summary, focus group interviews illustrate the different di
mensions in which traffic safety is negotiated, with some notable, if 
preliminary findings. Crossings, a key element in urban planning and 
designs, are mentioned frequently as unsafe by students in the entire age 
range, notably unprompted. Crossings create fears as children feel 
overlooked, and uncertain whether a driver will stop. Specifically, from 
the perspective of small children, approaching cars are becoming 
increasingly more intimidating, as their mass increases. Car fronts 
resemble faces that for a range of models are perceived to express 
aggression and dominance. This creates ambiguous traffic situations, in 
which children may avoid eye contact – important to establish an un
derstanding as to whether the child will cross the road -, though this was 
not discussed. Crossings, in this view, represent an ambiguous traffic 
infrastructure element. Another element are construction sites, an 
infrastructural ‘design’ mentioned more frequently by children. Such 
sites are usually erected in ways that will allow pedestrians to pass 
around. While transport planners will find new routings self-evident, 
these may be a challenge for smaller children. 

Another general finding refers to differential speeds, specifically 
where different transport modes meet. Where speeds are aligned, also 
giving priority to cyclists, conflicts – and injuries - can be reduced. Speed 
is also relevant at crossings, where large cars rushing towards waiting 
children will be perceived as a threat, creating uncertainty. Speed- 
related risks however also accompany the progression in transport 
mode use, i.e. from walking to scooter and bicycle. Risks can be 
amplified when children have to rush to school because they are late. 
Speed consequently has relevance in very different traffic contexts. 

5. Discussion 

This research demonstrates the usefulness of a comparative approach 
to the analysis of traffic safety risks, here recorded injuries, school 
management views, and the perspectives of children/adolescents. The 
triangulation results in several relevant findings. First, there is evidence 
that recorded injury numbers seem low in comparison to school man
agement reports. More research is needed to confirm this finding, also in 
comparison to national injury data (Destatis, 2023), but this may mean 
that public injury data – often considered to objectively reflect on traffic 
dangers – is inadequate to evaluate traffic risks. Another finding is that 
virtually all children/adolescents highlight traffic situations in which 
they do not feel secure, revealing that perceived safety on the way to 
school is fundamentally different from public risk perspectives based on 
injury data. Children/adolescents experience small injuries and 
near-misses, and they consider many daily traffic situations to be 
dangerous. Often, this may include situations believed to be safe by 
adults. For example, school management asks for more crossings to in
crease safety, i.e., a traffic design that is highly problematic for child
ren/adolescents and confirming findings by Scheiner et al. (2019). All of 
this is relevant, because experiences in traffic shape risk perceptions, 
and are likely to have repercussions for transport mode choices later in 
life. 

Focus group interviews with children and adolescents allow for 
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conceptualization, as risks and risk perceptions change with age, and in 
conjunction with social (identity, attitudes), technological (transport 
mode, technology use), and neurological (cognitive ability, motor skills) 
developments. With growing age, children/adolescents appear to move 
through different stages, which may be termed “parental control & 
advice”, “early independence”, “safety-oriented behaviour”, “risk tak
ing”, and “individual safety profile”. These are illustrated in Fig. 2, 
which generalizes traffic situations, omitting that relative risks may be 
seasonal (dark mornings/evenings) or situational (heavy rain, ice or 
snow). The conceptualization is based on the findings in this study, but it 
is also aligned with research as presented in the introduction. 

Parental control & advice is an early childhood stage (approximately 
0–5 years), in which children are virtually always under supervision of 
their parents or others. Motor skills begin to develop, and mobilities 
evolve through stages of crawling, walking, tricycling, to scooter use and 
cycling. Cognitively, small children travel in a “bubble”, i.e. they are 
largely unaware of traffic dangers and risks. This earliest phase is fol
lowed by a stage of early independence, in which children begin to make 
their own decisions, and travel to school by themselves. In this period, 
which may be comprise ages 6–9, children move at growing speeds 
(walk – scooter – cycle), and are influenced by parents and others in 
their views of traffic dangers and their understanding of the transport 
system. As cognitive abilities and motor skills still have to develop, risk 
exposure is high, and potentially reflected in a larger number of self- 
injuries. 

The third stage, safety-oriented behaviour, is characterized by growing 
abilities to understand and evaluate traffic risks, as well as evolving 
routines and experience of moving in traffic. A growing awareness of 
dangers, advice from parents, peers and police help rationalizing these 
risks. For example, children in German primary schools have to pass a 
bicycle test in fourth grade (at the age of about 10). This “bicycle 
licensure” (Fahrradführerschein) is a semi-formal confirmation of cycle 
ability. Police visit primary schools to issue cycle “licenses”, for which 
theoretical and practical tests have to be passed. They also remind 
children that they should not cycle on their own before they have passed 

the test. To be “licensed” has no legal implications, but it creates notions 
of safety for children and parents, and is thus, ultimately, motivating 
(Renninger et al. 2022). The test also raises awareness of traffic rules and 
legislation, as well as the consequences of misbehavior in traffic. 

Changes in the socio-technological environment characterize ado
lescents between the ages of about 12 and 16. Risk exposure increases, 
also because of active risk-taking. In this stage, technology distractions 
such as in-ear speakers, smartphone use, or “trendier” bicycles without 
fixed lights imply new risks. At this stage, adolescents are increasingly 
influenced by peers, while parent views lose relevance. Parents, how
ever, are often poor role models. This may be one factor explaining why 
teenagers refuse to wear helmets, run red lights, or cycle irresponsibly, 
though these behaviors may also be interpreted as forms of rebellion 
against society (Gössling, 2017). Risk taking may also be a form of a 
challenge to impress peers, or to question the system of automobility – 
for instance, by “occupying” street space in groups of cyclists. Findings 
such as these are generally confirmed by research finding adolescents 
(aged 13–16) engaging in riskier traffic behaviors in the company of 
peers, specifically boys (Gardner and Steinberg, 2005; Granié 2007, 
2009). While growing motor skills help to handle risks, they do not offset 
dangers: The severity of injuries increases for children/adolescents 6–15 
years travelling with peers (Koekemoer et al. 2017). In comparison to 
early independence, which is characterized by an incapacity space (lack 
of awareness and motor skills), risk-taking may be considered an inca
pability space, in which traffic safety risks are consciously or uncon
sciously ignored, or challenges even actively sought. 

However, peers may also influence behavioral norms positively 
(Darvell et al., 2015; Morrongiello et al., 2019), and at the age of about 
16, risk exposure may thus increase or decrease, depending on individual 
safety profiles. Driving licensure in particular may change perspectives 
on traffic, as teenagers can start to take theory lessons at the age of 16. 
They may learn about risks and rules, and they may start to see traffic 
from the perspective of the driver. From the age of 18 onwards, the car is 
theoretically accessible as a transport mode. In comparison to their 
earlier experience, young drivers may feel more protected in a car, and 

Fig. 2. Risk exposure and the incapability-incapacity space.  
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they may also be able to reflect on their earlier roles as for example 
cyclists, and drive more carefully. It is equally possible that the car be
comes a means of rebellion or source of excitement (Gössling, 2017), 
with a corresponding increase in injuries. Young drivers aged 18–24 are 
a crash-prone age group in Germany, and disproportionally often – in 
two thirds of cases involving this age-group - responsible for the collision 
(Destatis 2021). Traffic risks consequently decline or increase with age 
in this phase, depending on personality and transport culture identity. 
This suggests that there is a non-linear development process with risky 
behaviors as well as risk-avoidance at different stages. 

Overall, findings confirm earlier research, outlining traffic risks and 
safety perceptions related to the children themselves (age, parents’ 
fears), built environment, and traffic characteristics including speeds, 
vehicle size, irregular parking, or driver behavior (Amiour et al. 2022; 
Cloutier et al. 2017, 2021; Scheiner et al. 2019). Novel insights of this 
research highlight the importance of distinguishing observed risks from 
the anxieties and fears of children. Findings also underline the impor
tance of understanding risk-exposure in the context of age, and stages of 
risk-avoidance and risk-seeking. To increase the share of children trav
elling independently and actively to school (Waygood et al. 2017), there 
is a need to think ways-to-school in interrelated dimensions of infra
structure (built environment and motorized transport system), legisla
tion and rule control, the transport modes used by students, their 
motoric and cognitive skills, as well as their experiences and attitudes. 
While results thus support calls for improvements in infrastructure 
(Ragland et al. 2014; Tomoda et al. 2022) - here specifically irregular 
parked cars and reduced visibility, rule ignorance by car drivers, “parent 
taxis”, missing traffic lights, short green phases at traffic lights, and 
missing speed controls - they also underline the need to consider a wide 
range of other factors affecting safety and safety perceptions, and, ulti
mately, way-to-school behavior. A specifically relevant insight is that 
older children appear to lose their capability of imagining 
children-friendlier urban infrastructures, pointing to a role for younger 
children in traffic planning procedures. A notable omission in this 
research is the role of gender (Renninger et al. 2022), which may call for 
further distinctions in children’s safety needs. 

6. Conclusions 

Results of the triangulation of perspectives on traffic risks including 
injury reports, school management views and data, as well as the per
ceptions of children and adolescents provide new insights: One relevant 
finding is that injury data appears to underreport collisions and injuries, 
and thus represents a poor basis for transport safety planning. However, 
this finding is based on reports by school managers, and needs to be 
confirmed in further studies. Such data could then also be compared to 
national injury data suggesting that a large share of injuries occur on the 
way to school. It is evident that near misses are not reported in any 
statistic, even though they may have considerable importance for safety 
perceptions of children; even this requiring further study. Interviews 
with children/adolescents suggest that traffic density, rule ignorance 
(by automobilists), reduced visibility (parked cars), infrastructure de
signs prioritizing motorized transport, and ambiguous traffic situations 
influence perspectives on traffic safety negatively. Crossings in partic
ular, one of the most common traffic design elements in Germany, create 
fears. This has repercussions for the independence of children in traffic, 
and likely longer-term perceptions of risks that influence future trans
port mode choices. 

To illustrate the development of risk exposure with age, the paper 
presents a conceptualization distinguishing five risk stages. While small 
children rarely travel unsupervised, their early independence is associ
ated with high risk exposure, as children lack cognitive abilities and 
motor skills. Risks decline when children/adolescents become older 
(9–12 years) and begin to develop a traffic safety awareness while 
gaining motor skills and collecting experience in traffic. Risks again 
increase when teenagers start to use technologies, such as in-ear 

speakers while cycling, or refuse to wear helmets. Adolescents may 
even seek out traffic dangers to impress others or to rebel against the 
transport system or society more generally. 

These findings have relevance for the planning and design of trans
port infrastructure and transport policies, specifically in the context of 
safe routes to school. If the ambition is to make a greater number of 
children and adolescents to walk, cycle or scooter to school, subjective 
safety perceptions must be taken more seriously. Barriers seem implied 
in the inappropriate behaviour of parents and other traffic participants, 
specifically car drivers. There is a need for transport planners to consider 
unreported injuries and near misses, and to understand the implications 
of specific design elements for children, such as crossings or construction 
sites. Enforcement of traffic rules has specific relevance near schools, 
and more far-reaching measures, such as the limitation of motorized 
traffic near schools – including entirely car-free environments -, need to 
be considered. Underlying changes in the transport system need to be 
addressed as well, such as changes in car mass and fear-inducing car 
designs, which are not in the interest of society – responsibility for these 
developments lies with the national government. Urban speeds should 
be reduced, and overall motorized vehicle numbers be reduced to 
distribute available road space more adequately, possibly separating 
active transport users from other traffic. While this study is focused on 
Germany and its specific traffic situation, it illustrates a complexity of 
necessary changes that likely has relevance even elsewhere. 
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