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A B S T R A C T

Introduction: Even though child bicyclists are highly vulnerable in traffic only few studies focused on providing
child bicyclists with means to enhance their abilities to deal with the complexity of dynamic traffic situations.
The current study therefore evaluated whether a brief hazard perception intervention might be effective to
improve hazard perception skills in child bicyclists towards a level more comparable to adult bicyclists.
Methods: Eighty children of the fourth grade (9.03 ± 0.43 years; 34 girls) and forty-six adults (34.67 ± 14.25
years age; 24 woman) first performed a Hazard Perception test for bicyclists. Response rate, reaction times, first
fixation, duration of the first fixation, dwell time and total number of fixations on the events were measured.
Next, the children took part in the HP intervention in which video clips of dangerous traffic situations were
presented. The intervention comprised two classroom sessions of one hour (1/week). A post-test was performed
one day after and the retention-test three weeks after the intervention.
Results: Children responded to more covert hazards immediately after the intervention (p < 0.05), but did not
improve their response rate for overt hazards. Reaction times for the covert hazards improved on the post-test
(p < 0.001) compared to the pre-test but this effect was reduced on the retention test. There was no effect of the
intervention for entry time of the first fixation but the duration of the first fixation increased for the covert
hazards (p < 0.05). Children made fewer fixations on the event compared to adults (p < 0.001), except for the
covert hazards on the retention-test. The training also increased the number of fixations for the overt hazards on
the post-test (p < 0.001) and the retention-test (p < 0.001) but only increased on the retention test for the
covert hazards (p < 0.001).
Conclusion: The results demonstrated that a brief intervention for training hazard perception skills in child
bicyclists is able to improve children’s situation awareness and hazard perception for potential dangerous si-
tuations. The training, however, was too short to improve children to higher adult levels.

1. Introduction

As the number of bicyclists in Europe is increasing (DEKRA
Automobil GmbH, 2011), resulting in both positive health-related and
environmental benefits (de Hartog et al. 2010; Oja et al., 2011), there is
also a downside attached to this fortunate trend. Growing levels of bi-
cycle use have led to an increase in the number of bicycle accidents in
which mainly children (under the age of 14) and older cyclists (above
the age of 65) are involved (Carpentier and Nuyttens, 2013; Maring and
van Schagen, 1990). Bicycle accidents in Europe represent 7.8% of all
road fatalities indeed (European Commission, 2015). Moreover, in
Flanders (Belgium) 9- to 14-year-old children represent 10% and 14- to
19-year-old-children up to 11% of all bicycle casualties (Carpentier and
Nuyttens, 2013). Despite this unenviable trend only few studies focused
on providing child bicyclists with means to enhance their abilities to

deal with the complexity of dynamic traffic situations (Hill et al., 2000).
In the context of lifelong traffic education, the current study therefore
aims to improve the ability of young bicyclists to negotiate complex
traffic situations through a brief hazard perception training.

1.1. Review of the literature

Bicycling in traffic occurs at higher speeds compared to walking or
lower speeds compared to driving, requiring a more complex interac-
tion between perceptual and motor skills such as simultaneously co-
ordinating control over the bicycle in relation to other faster moving
objects in the environment (cars) e.g. checking the shoulder for traffic
from behind. Bicycling safely through traffic therefore largely depends
on the child’s ability to simultaneously combine motor bicycling skills
(e.g. steering, pedalling or signalling), as well as perceptual-motor skills
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(e.g. hazard perception and anticipation) which have been demon-
strated to improve through deliberate practice (Briem et al., 2004;
Ducheyne et al., 2013a,b; Ellis, 2014; Zeuwts et al., 2017a,b). Given
that young children are physically and mentally not mature yet, they
are limited in their capabilities to sufficiently cope with dynamic traffic
situations. Children place motor over cognitive task when they have to
perform both at the same time (Schaefer et al., 2008). Accordingly,
children have difficulties detecting the presence of traffic, distin-
guishing safe from dangerous locations, making time-to-contact judg-
ments, coordinating and processing visual information, and integrating
the relevant information into a holistic appreciation of the situation
(Ellis, 2014; Foot et al., 1999; Meyer et al., 2014; Plumert et al., 2011;
Thomson et al., 2005). In support of these findings young children have
been suggested to primarily focus on the most salient factor in the en-
vironment (Meir et al., 2015a; Zeuwts et al., 2017a). For example a car
in front of the bicyclist is attended while the intersecting street from the
right goes unnoticed. It can therefore be suggested that young bicyclists
display poorer situation awareness compared to adults which hampers
them to attend to the relevant visual information (perception; SA1),
decide whether or not a situation might contain risk (comprehension;
SA2) and to make predictions regarding the future development of the
situation (projection; SA3) (Endsley, 1995; Meir et al., 2015a, 2013;
Rosenbloom et al., 2015). Situation awareness is considered to be clo-
sely related to hazard perception (Wetton et al., 2011). Hazard per-
ception refers to the ability to “read” the road and anticipate upon the
forthcoming situation. Since novice drivers have been shown to over-
look more traffic conflicts and displayed more difficulties with de-
tecting the elements that might have predicted the dangerous situations
(Borowsky et al., 2010; Huestegge et al., 2010; Wetton et al., 2011) it
can be suggested that hazard perception skills are not utterly dependent
on maturation but on experience too. A number of studies therefore
aimed to improve young learner drivers’ and children pedestrians’ ha-
zard perception skills.

PC-based hazard perception training interventions in young drivers
have been reported to effectively improve learner drivers’ ability to
detect hazardous situations up to the level of more experienced drivers
(Isler et al., 2009; Pradhan et al., 2009, 2005; Taylor et al., 2014). In an
attempt to accelerate the development of perceptual-motor skills in
children, computer-based learning strategies have been effectively
adopted to drive educational interventions (Meir et al., 2015b;
Schwebel et al., 2016; Thomson et al., 2005). In the simulation inter-
vention of Thomson et al (2005), children had to help an avatar to cross
several intersections when ‘walking to the park’. Each time a child
chose an unsafe gap, the image froze and screeching brakes were heard,
followed by the avatars’ ghost departing from its body. This was used to
open discussion and provide the participant with feedback. In addition,
Meir et al. (2015b) presented children with 11 traffic scenarios from the
perspective of a child pedestrian. Children were required to press the
response button every time they detected a dangerous situation. Then,
the scenarios were replayed from a higher point of view to improve
children’s perception regarding the situations. In the second part of the
intervention, children were presented with three pairs of traffic scenes.
Each pair represented the same environment but from a different per-
spective to improve their situation awareness. More recently, Schwebel
et al. (2016) aimed to improve children’s road crossing skills when
presented with a virtual reality training. Children stood on a simulated
curb in front of the monitors on which the virtual road was presented.
Whenever they felt safe to cross the street, they stepped of the curb onto
a pressure plate. First person view then changed to third person view
which allowed children to view their own crossing. A cartoon appeared
after each crossing to provide children with feedback. In general,
trained child pedestrians (7–11 years old) significantly improved their
road crossing behaviour (e.g. quicker road crossing, better aligned road
crossing, and fewer missed opportunities), conceptual understanding
and awareness to potential hazardous situations compared to the con-
trols. With respect to cycling, Zeuwts et al. (2017a) reported that child

bicyclists’ performance on a tailored hazard perception test was poorer
compared to the performance of experienced adult bicyclists, but a brief
hazard perception training for child bicyclists resulted in lower re-
sponse latencies, higher response rates and better cognitive processing
of the potential dangerous situations compared to a control group
(Zeuwts et al., 2017b).

1.2. Objectives

Even though the beneficial effects of hazard perception interven-
tions in learner drivers and child pedestrians have been extensively
described in the literature, there is only limited evidence available with
respect to bicycling. It is therefore unknown whether there is a carry-
over effect to cycling, especially given that bicycling requires a more
complex coordination between perception and action and experience is
often task specific (e.g. cycling between traffic at lower and higher
speeds while controlling a bicycle and looking for hazards) (Briem
et al., 2004; Plumert et al., 2011; Zeuwts, 2016). Furthermore, to
measure the effectiveness of the intervention, studies often compare
learner drivers or child pedestrians to more expert drivers or adult
pedestrians, who are considered the standard for comparison. Also
adult bicyclists can be considered more expert bicyclists as they, should
have mastered their bicycle handling skills and traffic skills through
repetitive practice, the current study aims to address whether a brief
hazard perception intervention is effective to improve hazard percep-
tion skills in child bicyclists towards the level of more experienced adult
bicyclists. Given that access to the visual information is essential for
evaluating the first level of situation awareness and precedes antici-
pation, visual behaviour of the participants will be documented by
means of eye tracking methodology.

2. Methods

2.1. Participants

2.1.1. Child bicyclists
In total, 30 elementary schools received an invitation to participate

in this study. However, only four schools were willing to cooperate in
the hazard perception test and the intervention. Given that higher
cognitive training should take place when basic bicycling skills have
been obtained (Deery, 1999; Meir et al. 2014), 80 fourth graders
(9.03 ± 0.43 years of age; 34 girls) with at least two years of bicycling
experience were included since Ducheyne et al. (2013a,b) and Briem
et al. (2004) reported that children should be able to control their bi-
cycle around the age of nine and start to bicycle more independently.
Children were given an informed consent which their parents read and
signed for approval.

2.1.2. Adult bicyclists
In addition, 46 adults (34.67 ± 14.25 years of age; 24 women)

performed the hazard perception test to compare hazard anticipation
skills between children and adults. Adults were recruited from the de-
partment of Movement and Sport Sciences. Adults were allowed to
participate if they used their bicycle on a regular basis (four times a
week), and used their bicycle to bicycle to school when being a kid.
Adults read and signed the informed consent prior to the testing. The
study protocol was approved by the Ghent University ethical com-
mittee.

2.2. Apparatus and protocol

2.2.1. The hazard perception test
The Hazard Perception test (Hptest) consisted of fourteen video

clips (± 30 s) which were videoed with a GoPro Hero2 camera (30 Hz,
full HD and 170° field of view) mounted on the handlebar of a bicycle.
Each film clip from the perspective of the bicyclist included a variety of
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typical Belgian traffic situations and road designs. The film clips con-
tained at least one hazardous situation, which were classified into overt
or covert hazards (Vlakveld 2011). Overt hazards represent situations
in which other visible road users might start to act dangerously over
time (see Fig. 1A). Covert hazards on the other hand, refer to potential
hazardous situations in which other road users are hidden from view
through buildings, parked cars, vans or vegetation (see Fig. 1B). Par-
ticipants were not informed regarding the number of hazards in each
clip. The detailed scenario for each of the 14 clips can be found in
Table 1.

Film clips were presented on a computer screen (22 in.) with a vi-
sual angle of 40° horizontally× 30° vertically. A Remote Eye tracking
Device (RED) of SensoMotoric Instruments (SMI, Teltow, Germany) was
mounted underneath the computer screen to track participant’s gaze
behaviour during the test. SMI Experiment Center 3.4 software was
used to run the experiment and display the video clips on the computer
screen. The iView X recording software of SMI enabled us to simulta-
neously track eye movements (binocular) and reaction times of the
participant at 120 Hz.

Children were tested during regular school time. When children
entered the testing room at their school; they were asked to take a
seat ± 70 cm in front of the computer screen (see Fig. 2). Children
received a brief standardized explanation regarding the experiment and
were told to imagine they were actually cycling the bicycle themselves.

Each time they detected a hazardous situation in the video clip which
required them to brake or steer in order to avoid a potential collision,
they had to press the mouse button (once) as soon as possible. Fol-
lowing the explanation, the eye tracking device was calibrated using a
five point grid. Only calibration deviations lower than 1° were ac-
cepted. When the calibration was completed, the children were

Fig. 1. (A) represents the development of an overt hazard. A driver in the opposite direction of the bicyclists intends to turn left but initially oversees the cyclist. (B) represents the
development of a covert hazard. A traffic sign indicates that the intersecting street from the right has priority. Proper view on the street from the right is blocked by the houses hiding the
oncoming bicyclist until the last moment.

Table 1
Description of the hazardous situations, their corresponding timeframe and correct answer.

Clip Timeframe Hazard Type Description of the video

1 4.97 s Car Overt A car in the opposite direction of the cyclists is about to turn left but oversees the cyclist.
2 2.83 s Pedestrian Overt A woman coming out of a double parked car, steps onto the bicycle path from behind another car.
3 14.30 s Van Overt A van passes the bicyclist. The driver indicates he’s about to park in front of the bicyclist.
4 5.26 s Bicyclist Overt A bicyclist is not paying attention and enters the bicycle path just in front of the bicyclist
5 2.29 s Pedestrian Covert A men enters the street from behind a van.
6 4.87 s Pedestrian Covert A man opens the door of his parked car and steps out of the car.
7 5.66 s Car Covert View on the car coming from a street on the right side is blocked by bushes.
8 2.92 s Pedestrian Covert View on the pedestrian at a pedestrian crossing is blocked by a container.
9 5.87 s Bicyclist Covert View on a cyclists coming from the street on the right is blocked by houses.
10 10.43 s Pedestrians Covert A group of people is unloading a bus, crossing the street from behind the bus. When the bicyclist passes, a man suddenly steps from

behind the bus onto the street.
11 15.58 s Bicyclist Covert A sign and road markings indicate a bicyclist crossing. View on the crossing is limited due to parked cars and vegetation. Distracted

bicyclists appear, however do not cross the road.
12 12.51 s Car Covert View on the street from the right is limited. A car from the right enters traffic in front of the bicyclist.
13 5.02 s Van Covert A van is parked on the street in front of a pedestrian crossing. A pedestrian comes from behind the van but waits for the bicyclist to pass.
14 3.43 s Van Covert View on a van coming from the right is blocked for the bicyclist due to vegetation

Fig. 2. A child performing the hazard perception test.
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presented with the 14 film clips. To prevent from cheating, participants
were asked to indicate each hazard for which they had responded when
the video clip was ended. Calibration accuracy of the eye tracking de-
vice was checked in the middle and at the end of the experiment. The
PC-based hazard perception test was performed pre-training, post-
training and after three weeks on the retention-test. The video clips in
the post-test and retention-test were the same as in the pre-test but were
presented in randomized order. Additionally, adults performed the
same hazard perception test as the children at the faculty of Movement
and Sport Sciences, after they had read and signed the informed con-
sent.

2.2.2. The hazard perception training
After the pre-hazard perception test was completed, children re-

ceived the hazard perception training. In this training intervention,
video clips of overt and covert potential dangerous traffic situations,
different from the hazard perception test were projected on a projection
screen (1,5 m×2m) in front of the classroom. Film clips for the in-
tervention were evaluated by three experts (driving instructors with at
least 15 years of experience) and were ranked from simple standard
traffic situations to more dynamic and complex traffic situations with
multiple dangers. Since Meir et al. (2014) demonstrated that child pe-
destrians primarily tended to rely on salient visual information and
children are considerably smaller compared to adults, the current in-
tervention included video clips from the perspective of both adult and
child bicyclist’s hazards to improve understanding regarding hidden
(covert) hazards. Furthermore, a variety of landscapes, road designs
and hidden (covert) hazards that actually materialized were included.

The training was performed in the children’s classroom and con-
sisted of two lessons of approximately 50min each. The first lesson of
the hazard perception training was performed two days after the hazard
perception test. First, children received verbal instructions regarding
the intervention after which they were provided with the opportunity to
ask questions. Then, the first lesson started with film clips of different
hazardous situations progressing from simple traffic situations to more
complex and dynamic hazardous traffic situations. Children were asked
to imagine they were bicycling in the video clip themselves and were
required to raise their hand as soon as they thought they would have to
brake or stop to avoid a potential collision. Every time a child raised his
or her hand to indicate he or she would have stopped or braked, the
film clip was paused and the event was discussed in group. The teacher
asked the children “what might have happened next?” or “what might
have predicted a possible collision?” After the discussion, the film clip
was continued until the next event or until the end of the clip. At last,
the clip was replayed and children were provided with the necessary
information regarding where to look, what to look for, what cues might
have predicted the dangerous situation or what might have happened.
Furthermore, children were told what correct behaviour or actions
could be undertaken. These instructions were composed together with
three experts regarding driving education. One week after the first
training session, children received the second lesson which was fol-
lowed by the post-test one or two days later. A retention-test was per-
formed three weeks after the post-test.

2.3. Data analysis

First the critical hazard perception interval for each hazard in each
clip was determined. This interval refers to the time window in which
the hazard appeared for the first time (ms) until the time stamp (ms)
when the hazard became inevitable. This critical hazard perception
interval was unanimously validated by three experts. Furthermore,
thanks to the Area Of Interest-editor (AOI) of the gaze analysis software
package BeGaze 3.4 (SensoMotoric Instruments, Teltow, Germany),
dynamic AOIs could be determined and concur with the critical hazard
perception interval. AOIs can be used to include important visual areas
in the video clip which the bicyclist must have seen to anticipate

potential collisions. In the current paper, AOIs consequently refer to the
hazards. Using the ‘SMI Event Detection’ algorithm in BeGaze 3.4. gaze
behaviour of the participants towards the AOIs could be determined.

2.3.1. Tracking ratio
Before further analysis was conducted, tracking ratio or the per-

centage of time in which gaze was accurately registered during the trial
was computed for all the participants. Given that in eye tracking ex-
periments there is often a considerable loss of data due to excessive
head movements or eye blinking, participants with a tracking ratio
below 80% were excluded for further analysis. Two children were ex-
cluded for further analysis due to low tracking ratio.

2.3.2. Measures
Six measures were taken into account for the analysis of each film

clip:

• Response rate refers to the number of participants responding cor-
rectly to the hazard (one point awarded for this video clip) or not
(zero points awarded in this clip). When a participant responded to
all of the hazards correctly, and indicated them afterwards in the
questionnaire, he or she received a maximum score of 1.

• Reaction times for each hazard were measured relative to the critical
hazard perception interval. Only when the participant indicated the
correct hazardous situation in the short questionnaire following
each clip as indicated in Table 1 reaction times were included for
further analysis.

• For gaze behaviour the entry time of the first fixation on the hazard or
the timestamp in which the participant fixated the AOI for the first
time (s) was calculated. A fixation was taken into account when the
eye remained still for at least 120ms within an area of 1° in line with
Duchowski (2007) and Holmqvist et al. (2011).

• The first fixation duration was defined as the duration of the first
fixation on the hazard.

• Dwell time refers to the sum of all fixation durations and saccades
that hit the respective hazard.

• The number of fixations corresponds to the amount of fixations the
bicyclist made on the hazard (AOI).

2.3.3. Statistics
First, the effect of the training intervention in the child bicyclists on

the dependent variables was conducted using a Linear Mixed Model
(LMM) analysis with repeated measures and random intercept.
Multilevel analysis was chosen over a repeated measures ANOVA as
participants who did not react for or failed to look at a hazard were not
automatically excluded from the analysis. The first model included one
random effect; time (pre-post-retention). For the repeated measures, the
repeated covariance type ‘diagonal’ was chosen while for the random
effect the ‘ARH1’ covariance type was selected since both types resulted
in the model with the best fit (lowest AIC). Estimation was set as
Restricted Maximum Likelihood (REML) and estimated marginal means
for each interaction effect were obtained. Furthermore, a second LMM
was used to compare the results of the children in the pre-test, post-test
and retention-test with the test results of the adults using one fixed
effect for group (children vs. adults). Significance levels were set at
p≤ 0.05.

3. Results

3.1. Response rate and reaction time

With respect to response rate presented in Fig. 3A, children re-
sponded to fewer overt hazards (0.80) in the pre-test compared to the
adults (0.87). However, although the training did not result in sig-
nificantly higher response rates for the overt hazards in children, the
difference in response rate between children and adults disappeared for
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the post-test (0.84) and the retention-test (0.84). Regarding the covert
hazards, there was no significant difference between children’s re-
sponse rate in the pre-test (0.67), post-test (0.73) and retention-test
(0.72) compared to the response rate of the adults (0.71). Nevertheless,
trained children responded more to covert hazards in the post-test
compared to the pre-test (detailed statistics are provided in Appendices
1–4 in Supplementary material).

As for the reaction times presented in Fig. 3B, children displayed
significant longer response latencies to the overt hazards in the pre-test,
post-test and retention-test compared to the adults. The training did not
result in significant improvements for the response latencies to the
overt hazards. For the reaction times to the covert hazards on the other
hand, children showed higher response latencies compared to the adult
bicyclists in the pre-test and the retention-test, but not in the post-test.
Indeed, children significantly improved their reaction times for the
covert hazards on the post-test compared to the pre-test. There was no
difference with respect to gender for any of the variables (p > 0.05;
see Appendix 9 in Supplementary material).

3.2. Gaze behaviour

For gaze behaviour on the hazardous events, four measures have
been analysed. Regarding the entry time of the first fixation on the ha-
zardous situation, child bicyclists fixated significantly earlier on the
overt hazards in the retention-test compared to the adult bicyclists
(Fig. 4A). Furthermore, child bicyclists fixated later on the covert latent
hazards in the pre-test compared to the adult bicyclists. However, child
bicyclists only tended to fixate later on the covert hazards in the post-
test and in the retention-test with respect to the adult bicyclists. There
was no significant effect of the training on the entry time of the first
fixation on the overt or covert latent hazards. As for the duration of the
first fixation on the hazards, no differences were found for the overt
hazard between adult bicyclists and child bicyclists, however, child
bicyclists showed significant longer first fixation durations on the
covert hazards in the pre-test, post-test and retention-test compared to
the adults (Fig. 4B). On the other hand, the training did not result in any
significant change in the duration of the first fixation. For dwell time on
the hazards, presented in Fig. 4C, child bicyclists demonstrated sig-
nificant shorter dwell times on the overt hazards in the pre-test, post-
test and the retention-test compared to the adult bicyclists. Further-
more, child bicyclists demonstrated shorter dwell times on the covert
hazards too in the pre-test and the post-test compared to the adult bi-
cyclists. On the retention-test however, child bicyclists tended to fixate
longer on the covert later hazard compared to the adult bicyclists. The
training resulted in significant longer dwell times for the overt hazards
on the post-test compared to the pre-test and for the covert hazards on
the retention-test compared to the pre-test. Regarding the number of

fixations on the hazard, child bicyclists fixated fewer on the overt ha-
zards compared to the adult bicyclists in the pre-test, post-test and the
retention-test (Fig. 4D). A similar result was found for the covert ha-
zards, where the child bicyclists fixated the covert hazards fewer
compared to the adult bicyclists in the pre-test and the post-test. In
addition, the training resulted in a significant increase in the number of
fixations on the overt hazards in the post-test and the retention-test
compared to the pre-test. As for the covert hazards, the training only
increased the number of fixations on the hazard in the retention-test
compared to the pre-test. There was no difference for any of the vari-
ables with respect to gender (p > 0.05; see Appendix 9 in Supple-
mentary material) except for dwell time indicating that boys looked
slightly longer at the covert hazards compared to girls, but this effect
was not apparent when time was added as a variable. We refer the
reader to appendices one, two and five to eight for more detailed sta-
tistics regarding gaze behaviour which are provided as Supplementary
material.

4. Discussion

Only few studies have attempted to evaluate the effectiveness of a
brief hazard perception training to improve child bicyclists’ ability to
perceive and anticipate upon potential hazards towards adult-like le-
vels. This study therefore examined hazard perception in child bicy-
clists before (pre-test), after (post-test) and three weeks after (retention-
test) the intervention and compared the results of the child bicyclists to
experienced adult bicyclists. The results suggest that the training im-
proved child bicyclists’ response rate and response latencies for the
covert hazards surpassing adult levels. Gaze behaviour of child bicy-
clists on the post-test and the retention-test on the other hand demon-
strates that children’s visual scanning behaviour – knowing where to
look for potential hazards – did not completely improve towards the
level of adult bicyclists suggesting that training of specific visual skills
requires more extensive exercise.

The finding that child bicyclists systematically demonstrated longer
response latencies and entry times of the first fixation on the hazard
compared to more experienced adult bicyclists is in agreement with the
findings of Zeuwts (2016). Zeuwts recently suggested that child bicy-
clists operate from a more idiosyncratic perspective, rather than from a
more integrated holistic perspective. Child bicyclists will primarily rely
on salient visual stimuli, for example a conspicuous car in front of the
bicyclist making a turn which is referred to as overt hazard, or asses the
danger of traffic hazards based a single visible characteristic (Meir
et al., 2013). This reliance on salient visual stimuli may in turn explain
the lack of difference in visual behaviour between children and adults
with respect to overt hazards. In concordance with the concept of si-
tuation awareness of Endsley (1995) that has often been cited to explain

Fig. 3. Mean response rate (A) and reaction times (B) for the
adults and children on the pre-test, post-test and retention-
test for overt and covert latent hazards.
aaa= p > 0.001, aa= p < 0.01, a= p < 0.05,
(a)= p < 0.1 or trend for the difference between adults and
children for the covert hazards.
bbb= p > 0.001, bb=p < 0.01, b= p < 0.05,
(b)= p < 0.1 or trend for the difference between pre-test
and post-test or pre-test and retention-test in children for the
covert hazards.
ccc=p > 0.001, cc= p < 0.01, c= p < 0.05, (c)= p <
0.1 or trend for the difference between adults and children
for the overt hazards.
ddd=p > 0.001, dd= p < 0.01, d= p < 0.05,
(d)= p < 0.1 or trend for the difference between pre-test
and post-test or pre-test and retention-test in children for the
overt hazards.
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differences in hazard perception between young novice drivers and
more experience drivers (Gugerty, 2011, 1997; Underwood et al.,
2012), the child bicyclist is able to perceive the hazard instigator (overt
hazard) in the first level of situation awareness (perception). In the
second level of situation awareness (comprehension), the child bicyclist
attempts to make an interpretation of the on-going situation. At last, the
child bicyclist makes a prediction regarding how the situation might
develop in the third level of situation awareness (projection), decides
whether the situation requires anticipation and select an evasive or
braking action in order to avoid collision. Covert hazards on the other
hand require more elaborated experience as the hazard is often not
directly visible in the environment. Thanks to more elaborated sche-
mata resulting from extensive experience and knowledge in a wide
variety of traffic situations, adult bicyclists are able to perceive, com-
prehend and anticipate these hazardous situations in a more automated
matter (Vlakveld, 2011). Child bicyclists lack this knowledge and ex-
perience of where to look and will therefore often fail to perceive the
relevant cues in the environment which might predict a potential
danger and miss the opportunity for early anticipation. When the ha-
zard instigator is not present in the environment, for example when a
van blocks clear view on pedestrians at a pedestrian crossing (covert
hazard), child bicyclists fixate later on the potential hazard and are
therefore later to anticipate indeed. The shorter dwell times and fewer
fixations on the hazards support our findings that child bicyclists have a
poorer understanding of the potential danger within the covert hazards.
Since the child bicyclists also demonstrated longer response latencies,
shorter dwell times and fewer fixations on the overt hazards compared
to the adult bicyclists in the pre-test, post-test and retention-test, it
might be assumed that children have a different concept of danger.
Thornton et al. (1999) described that for the young children, the main

responsibility is not to damage things while the older children approach
traffic from the perspective of not make the kind of mistakes that could
lead to an accident. Furthermore, when children primarily focus on the
salient overt hazards they will fail to focus on other less salient char-
acteristics in the environment that also might cause a threat to the bi-
cyclist (e.g. a couple of parked cars that block view on intersecting
streets).

As for the intervention, child bicyclists detected up to 5.1% more
covert hazards in the post-test and decreased their response latencies to
the covert hazards with 407ms compared to the pre-test. Our findings
therefore concur with van Schagen and Brookhuis (1994) who de-
monstrated that traffic education has a very strong short-term effect on
children and with Isler et al. (2009) who reported comparable im-
provements in hazard perception skill of learner drivers after a brief
intervention. In addition, children tended to fixate sooner on the covert
hazards in the post-test and the retention-test with respect to the adult
bicyclists and increased their dwell time and number of fixations on the
covert hazard towards the retention-test suggesting that child bicyclists
are more aware of and vigilant to the potential dangers in traffic. In
support of our findings, Fisher et al. (2006) and Vlakveld (2011) re-
ported similar improvements in the number of glances on the hazard in
trained learner drivers. A better understanding of the covert hazards in
child bicyclists might imply better situation awareness in which early
and accurate decision-making relies on the formation of internal models
or schemata that are stored and can be recalled from long term memory
stores. These schemata contain prototypical information in a wide
variety of traffic situations and facilitate more automated decision-
making. A hazard perception training in child bicyclists will attempt to
improve their ability to perceive and extract the relevant visual in-
formation in the environment, interpret and integrate this information

Fig. 4. Mean entry time of the first fixation (ms) on the overt
and covert hazards (A), the duration of the first fixation (B),
dwell time (ms) on the hazards (C), and the number of fixa-
tions on the hazard (D) for adult bicyclists and child bicyclists
in the pre-test, post-test and the retention-test.
aaa= p > 0.001, aa=p < 0.01, a=p < 0.05,
(a)= p < 0.1 or trend for the difference between adults and
children for the covert hazards.
bbb= p > 0.001, bb= p < 0.01, b=p < 0.05,
(b)= p < 0.1 or trend for the difference between pre-test
and post-test or pre-test and retention-test in children for the
covert hazards.
ccc= p > 0.001, cc= p < 0.01, c= p < 0.05, (c)= p <
0.1 or trend for the difference between adults and children
for the overt hazards.
ddd= p > 0.001, dd= p < 0.01, d=p < 0.05,
(d)= p < 0.1 or trend for the difference between pre-test
and post-test or pre-test and retention-test in children for the
overt hazards.
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into a holistic perception of the situation and make a corresponding
projection of how the situation might develop in the future. Hazard
perception is, in other words, primarily driven by top-down attentional
control, which refers to the higher cognitive processes that guide our
attention to the task-relevant information in the environment rather
than bottom-up attentional control (Chapman and Underwood, 1998).

The beneficial effect of the intervention, unfortunately, somewhat
reduced three weeks later. In contrast to more experienced adult bi-
cyclists, this knowledge and experience from the intervention, has not
yet been transferred to long term experience given that response la-
tencies for the covert hazards increased again on the retention-test. The
training period was too short to improve child bicyclists’ reaction times
and visual behaviour towards the level of adults. Improving hazard
perception in children might therefore require more extensive training.
Even though Meir et al. (2015b), for example described only one ses-
sion of 40min to be effective for short-term improvements in child
pedestrian perceptual skills, Schwebel and Mcclure (2010), and
Schwebel et al. (2016, 2013) on the other hand, recommended a
minimum of six to eight training sessions of at least 20–30min/session
to consolidate long-term learning experiences which is in concordance
with the power law of practice. Mckenna and Farrand (1999) pointed
out that automaticity might develop quickly in the lab indeed, but
might take years to develop in real-world tasks. Given the complexity of
bicycling, bicycling training should contain exercises that focus on the
development of motor cycling skills, acquiring sufficient skills to in-
terpret and anticipate dangerous situations and to improve knowledge
and attitudes in traffic. Furthermore, training must also comprise a
number of sessions where these separate skills are combined such as on-
road bicycling trips under adult supervision. The importance and
magnitude of bicycle training should therefore be considered a lifelong
engagement.

Like any study, the current study suffers certain limitations and
some considerations need to be made. At first, children’s natural de-
velopment of cognitive function and the visual system might act as a
constraint for the uptake of the relevant visual information (Zeuwts
et al., 2017a). Spatial and temporal accuracy of saccades, the func-
tioning of working memory or the ability to sustain attention and
predictive control all develop into adolescence as function of matura-
tion of the central nervous system indeed (Kowler, 2011; Land, 2006;
Langaas et al., 1998; Meir et al., 2013; Robert et al., 2014). Never-
theless, a vast amount of research demonstrated that hazard perception
does not utterly rely on the development of the visual and cognitive
functioning, but on experience too (Ampofo-Boateng and Thomson,
1991; Chihak et al., 2014; Meyer et al., 2014; Oron-Gilad et al., 2011;
Schwebel et al., 2016; Schwebel and Mcclure, 2010; Zeuwts et al.,
2017a,b). Second, given that the current study compared children to
adults but did not include a control group and only reported a rather
limited sample size the results should be interpreted with caution as
these limitations might introduce some error. Future research should
therefore consider including larger sample sizes with children of dif-
ferent ages and skill levels, from more different regions (urban, city,…)
together with a control group for comparison. Third, participants might
have displayed more risky behaviour since they realized nothing could
happen (Meir et al., 2013) since the they could not get hurt when they
would collide with a car or another traffic participant. This might have
caused differences in children’s motivation and behaviour when pre-
sented with the hazard perception test (Fuller et al., 2008; Schwebel
et al., 2016). Lastly, also the content of the video clips and the way of
presentation should be considered. For example, the nature of the
covert hazards that might have been to salient as they often resulted in
an imminent threat together with the relatively small screen of the test
PC, which does not require extensive scanning patterns could partially
explain the lack of a more pronounced difference between children and
adults. Bicycling in real-life is a much more demanding task, which
requires the bicyclist to search and identify potential hazards, decide
whether the situation is dangerous or not and adapt riding behaviour

accordingly. Factors such as stress, arousal, distraction, fatigue or fa-
miliarity with the neighbourhood all affect the bicyclists’ decision but
remain difficult to replicate in the lab. A bicyclist will, for example,
probably not devote one hundred per cent of his time to hazard per-
ception but might be distracted by a dog barking, a friend passing by or
just finding himself in a dreamy state. Diversion of attention from the
cycling task has been suggested to contribute to traffic accidents and
especially children might encounter difficulties with hazard perception
when they are distracted as their perceptual skills are often not auto-
mated yet (Wood et al., 2016). While this might partially explain the
relative small differences in response rate between children and adults,
future research should consider presenting participants with scenarios
of a longer duration (e.g. 3 min) in which the participant receives the
instruction to bicycle from one location to another and behave as
naturally as possible instead of tracking down all possible hazards.
Furthermore, the current hazard perception test contained video clips
of typical Belgian traffic environments which might not be re-
presentative for traffic settings in other countries without adjustments.
It would be interesting to replicate the current research in other
countries with a different bicycle culture. Lastly, even though video
clips in the hazard perception test were presented in randomized order
and test occasions were separated by two or three weeks, our results
might be confounded, as the video clips for each occasion were the
same. Although this is suggested to be sufficient time (Zeuwts et al.,
2017b), it is recommended that hazard perception interventions might
include different clips for the pre, post and retention-test.

Based on the limitations and recommendations the use virtual rea-
lity can be advocated as the most effective strategy for testing and
training hazard perception in child bicyclists. It allows for repeated
unsupervised practice without risk of injury, automated feedback on
success or failure, tailoring the test and training to skill level of the
child, offers an appealing environment and most recently given tech-
nological advances, potential for broad dissemination using mobile
smartphone technology. Together with a VR glasses and a mounted
bicycle, it offers the possibility to maintain the perception-action cou-
pling while being immersed in traffic (Schwebel, 2017).

5. Conclusion

In the context of life-long traffic education, the current study fo-
cussed on improving child bicyclists’ hazard perception skills by means
of a brief hazard perception training intervention. Thanks to the in-
tervention, the child bicyclists improved their situation awareness and
hazard perception for covert potential hazards on the post-test even
though the training period was too short to improve towards a level
comparable to adults.
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