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Abstract 14 

Young drivers remain over-represented in road accident statistics and hazard perception is a likely 15 

source of a skills gap between younger and older drivers. The aim of this study was to examine 16 

whether a short hazard perception training intervention in a driving simulator enhances young 17 

drivers’ tactical hazard perception skills in pedestrian-related situations. The intervention 18 

combined error and instructional commentary training. Thirty young drivers were trained and 19 

compared to 30 untrained drivers based on their eye fixations and driving behaviour in potential 20 

visible and hidden hazard situations. The results showed that trained drivers responded to one of 21 

three hazards by decreasing speed, while untrained drivers did not. Additionally, trained drivers 22 

had lower self-assessed hazard perception skills after than before the training, suggesting that 23 

exposure to these critical situations and the opportunity to negotiate them increased their awareness 24 

of the limitations of their driving skills. The eye fixation analysis showed that trained drivers 25 

fixated on the hidden hazard locations more often, indicating that they had greater awareness of 26 

the situation than untrained drivers. The training intervention showed a positive effect in 27 

improving drivers’ approach speed and fixations in hidden hazard situations, which requires more 28 

advanced hazard perception skills. This training intervention can be further developed into a 29 

training module as an addition to existing conventional training in the classroom and on the road.  30 

Keywords: driving simulator, driver training, hazard perception, young drivers 31 

 32 

1. Introduction 33 

Road traffic injuries remain the leading cause of death among 15- to 29-year-olds (World Health 34 

Organization, 2015). Young, in particular, male drivers continue to be over-represented in accident 35 

statistics (ITF, 2017) as they are more prone to engagement in high-risk  driving behaviours 36 
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(Constantinou et al., 2011; Halpern-Felsher et al., 2017). While age- and exposure-related factors 37 

play a role (e.g., Arnett, 1996; González-Sánchez et al., 2017; Jonah, 1986), driver errors due to 38 

low hazard perception skills (HPS) are identified as one of the main risk factors associated with 39 

the occurrence of accidents among young drivers (e.g., Fisher et al., 2006; McKnight and 40 

McKnight, 2003).  41 

In this study, HPS are operationalised similarly to Crundall et al. (2012) as a driver’s ability to 42 

detect, evaluate and respond to potentially dangerous events on the road that might develop into 43 

actual hazards leading to an accident. Young drivers acquire basic car-handling skills and 44 

knowledge of traffic laws quickly, which might lead them to believe that they are highly skilled 45 

drivers. However, gaining complex perceptual and cognitive skills, such as HPS, requires 46 

experience and exposure to a wide variety of driving situations and hazards (e.g., Deery, 1999; 47 

Horswill and McKenna, 2004). McKnight and McKnight (2003) found that errors in visual search 48 

are a key factor in accidents among young drivers. Furthermore, research on eye movements shows 49 

that inexperienced drivers detect fewer hazards (e.g., Fisher et al., 2006; Pradhan et al., 2005) and 50 

have fewer (Pradhan et al., 2007) but longer fixations, which indicates a longer processing time 51 

(e.g., Chapman and Underwood, 1998). 52 

Another possible factor contributing to accidents is that drivers do not receive sufficient relevant 53 

feedback in situations that could develop into high-risk situations during daily driving (Kuiken and 54 

Twisk, 2001). Horswill et al. (2017) show that appropriate feedback improves the latency of hazard 55 

perception and reduces self-rated HPS.  56 

A growing number of studies address different aspects of HPS training with a variety of 57 

methods. Results show that the HPS of young drivers can be developed successfully without 58 

driving on the road (Agrawal et al., 2018, McDonald et al., 2015) and HPS training reduces the 59 
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number of accidents among novice drivers (Thomas et al., 2016). Video-based (e.g., Wetton et al., 60 

2013) and interactive computer-based HPS training (e.g., Meir et al., 2014) approaches are the 61 

most advanced and most frequently tested. One of the common methods is a commentary driving 62 

training (e.g., Crundall et al., 2010; Isler et al., 2009). The commentary driving training method is 63 

typically employed in one of two ways: first, drivers continuously verbally describe what they are 64 

doing, are looking at and thinking about in response to what they see while driving or watching a 65 

video; second, participants watch videos that include experts’ recorded comments on driving 66 

(instructional commentary training). The results demonstrate that instructional commentary 67 

training contributes to a quicker response time (e.g., Isler et al., 2009; McKenna et al., 2006) and 68 

fewer crashes when tested in a driving simulator (Crundall et al., 2010) compared to untrained 69 

drivers. 70 

Compared to video- and computer-based methods, the driving simulator is sparsely used, 71 

although its benefits have been demonstrated in the area of HPS training (Carpentier et al., 2013; 72 

Vlakveld et al., 2011; Wang et al., 2010a, 2010b). The advantage of the driving simulator is that 73 

drivers can actively engage, influence and control the settings in real time without being physically 74 

injured. Additionally, driving simulators with three screens or other set-ups provide the driver with 75 

a wider field of view. The wider view is important for the training and assessment of HPS as not 76 

all potential hazards appear in front of the vehicle. Examples include pedestrian-related hazard 77 

situations, which may appear from the side of the driver. Various training methods in the simulator 78 

show improvements, particularly in developing tactical hazard perception skills (e.g., Ivancic and 79 

Hesketh, 2000; Vlakveld et al., 2011). Tactical HPS concern the ability to detect potential hazards 80 

that are not visible directly on the collision course, or are hidden in the environment referred to 81 

(Fisher and Dorn, 2017). An example of a visible hazard is a pedestrian running along the 82 
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pavement and disappearing between parked cars in front of the driver, and an example of a hidden 83 

hazard is a child standing behind a bus at a bus stop. Hidden hazards are particularly challenging 84 

for inexperienced drivers (Vlakveld, 2014).  85 

Another advantage of using a driving simulator for HPS training is the possibility of 86 

employing the principles of error management training (Keith and Frese, 2008), where drivers 87 

have the opportunity to learn from their mistakes. Error management training has been shown to 88 

improve HPS (Vlakveld et al., 2011) and accident occurrence in the simulator (Wang et al., 2010a). 89 

So far, improvements have been reported on average across all situations without distinguishing 90 

between the various types of hazard instigator (e.g., car-, pedestrian- or cyclist-related). However, 91 

studies show that the type of hazard instigator has an effect on the classification and perception of 92 

hazardous situations (e.g., Borowsky et al., 2009; Crundall et al., 2012).  93 

When training young drivers in HPS, we find it particular relevant to focus on pedestrian-94 

related hazards. Pedestrian fatalities make up a noticeable share of the overall number of road 95 

traffic deaths and thus require particular attention. Internationally, from 2000 to 2013, the number 96 

of pedestrian fatalities decreased substantially (36%), but the decline was not as steep as for 97 

fatalities among drivers (54%) (OECD/IFT, 2015). In addition, the detection of pedestrian-related 98 

hazards requires more training than that of vehicle-related ones for the following reasons: first, 99 

unlike vehicle drivers, pedestrians can cross a road not only at intersections and marked locations 100 

but also at any other road sections that are convenient for them as they are less restricted by the 101 

physical road environment; second, pedestrians usually walk on the side of the road and not in 102 

front of drivers, who therefore must widen their horizontal angle of view to notice them; third, 103 

pedestrians’ behaviour is less predictable because of their wide age range and varying level of 104 
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knowledge of traffic rules; and fourth, it is easier to overlook pedestrians in the road environment, 105 

as they are smaller than other road users.  106 

So far, the effect of HPS training exclusively in pedestrian-related situations has been 107 

examined only in one study (Borowsky et al., 2012). Because the video-based training method was 108 

used, participants did not learn from their errors. Further, the study did not include any hidden 109 

hazards and therefore it was not possible to test possible effects on tactical HPS, which are very 110 

relevant in relation to pedestrians. 111 

Therefore, the main aim of this study is to examine whether a short training intervention in 112 

a driving simulator enhances young drivers’ tactical HPS in pedestrian-related hidden and visible 113 

hazard situations. We predicted that the training intervention would lead to improved visual search 114 

and increased attention to potential hazards by prompting shorter and more fixations. Additionally, 115 

we predicted an improved behavioural response to hazards measured as a reduction of speed 116 

among trained drivers. 117 

2. Method 118 

2.1. Participants 119 

Sixty young male drivers participated in the study. The participants were recruited from among 120 

university students and had self-reported normal or corrected-to-normal vision and a valid driver’s 121 

licence. The drivers were randomly assigned to one of two groups: a control group (CG): N = 30, 122 

mean age = 22.4, SD = 1.3; mean years of having a licence = 4.5, SD = 1.3; and a training group 123 

(TG): N = 30, mean age = 22.5, SD = 1.2; mean years of having a licence = 4.6, SD = 1.3. The 124 

median of the categorically measured driving frequency was ‘3–4 times a month’ in both groups. 125 

Each participant was offered a 30-euro gift card upon completion of a 1.5 h session. 126 
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2.2. Procedure 127 

The procedure for the experiment is shown in Figure 1. Upon the participants’ arrival, they read 128 

the instructions for the experiment. The stated aim was to examine drivers’ everyday driving style. 129 

All drivers undertook a short introduction drive to get used to the simulator and virtual 130 

environment. Thereafter, they were asked to fill in a short questionnaire (pre-questionnaire, see 131 

Section 2.4.2). The participants continued with a base drive followed by a short break. The drivers 132 

in the CG then continued with a test drive and finished the experiment by filling in the post-133 

questionnaire (see Section 2.4.2). 134 

Control group (CG)
N = 30

Test drive
Post-questionnaire

Training intervention:
Training drive
Expert’s commentary video 
Training drive replay

Training group (TG)
N = 30

Instructions
Introduction drive
Pre-questionnaire
Base drive

 135 

Figure 1. Procedure. 136 

The participants in the TG had a training intervention before the test drive. The whole experiment 137 

lasted about 1.5 hours. The study employed a randomised control group design, although the 138 

specific hazard situations encountered in the base drive and the test drive were modified to avoid 139 

bias caused by a learning effect. Two of the situations were exceptions (Situation 5 and Situation 140 
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7, Table 2) as they did not involve any pedestrians. In addition, the driving environment was 141 

different in the base and in the test drive as described in Section 2.3 and Section 2.6. 142 

2.3. The base drive  143 

The base drive ran through a virtual city that represented a typical urban street. During the drive, 144 

the drivers encountered five visible and three hidden pedestrian-related hazard situations (see 145 

Table 1). In all the situations, the participants had to apply their tactical hazard perception skills in 146 

order to be aware that the pedestrian might cross the street, thereby creating an accident situation.  147 

Table 1. Potential hazards in the base drive 148 

Situation 
 

Type Description of the situations Cue 

1 visible A ball is lying on the right side of the street and a 
child is standing on the pavement on the left side 
of the street. The child starts to run out into the 
street between parked cars towards the ball, but 
stops after two metres. 

A ball lying on the right side of the street 
indicating that the pedestrian might run out to 
pick it up. 

2 visible An adult is walking on the pavement on the right 
side of the street. As the driver approaches, the 
adult starts to run and turns towards the street. 

A pedestrian turning towards the street 
indicating the intention to cross it. 

3 visible A child is walking on the left pavement. As the 
driver approaches, the child starts to run and turns 
towards the street.  

A pedestrian turning towards the street 
indicating the intention to cross it. 

4 hidden A business truck is parked on the right side of the 
street. 

A parked business truck obstructing the view of 
the right pavement. 

5 hidden A bus stop on the right side of the street. When the 
driver approaches, a pedestrian crosses the street.  

A bus stop indicating that there might be another 
pedestrian crossing the street from behind it. 

6 visible A skateboard is lying on the right side of the street. 
An adult, standing on the left pavement, runs out 2 
metres into the street and stops.  

A skateboard lying on the right side of the street 
indicating that the pedestrian might cross the 
street to pick it up. 

7 visible An adult is standing between parked cars on the 
right side of the street.  

Parked cars obstructing the view of the 
pedestrian. 

8 hidden A car is parked 10 metres before the zebra crossing 
on the right side of the street. 

A parked car obstructing the view of the 
potential pedestrian on the pavement. 

 149 

2.4. Materials and Apparatus 150 

2.4.1. Driving simulator and eye tracker  151 
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A fixed-based medium-fidelity driving simulator equipped with three plasma displays (size: 42"; 152 

front-screen resolution: 1920 x 1080 dpi; resolution of the two side screens: 1360 x 768) and the 153 

necessary vehicle control systems were used to conduct the experiment (see Figure 2). 154 

Speedometer and rear- and side-view mirror information was visible on the centre and side screens. 155 

The scenarios were designed and the real-time simulation was controlled with SCANeR Studio 156 

(OKTAL) software. 157 

 158 

Figure 2. The driving simulator set-up. 159 

Eye movements were recorded with a Tobii Pro Glasses 2 eye tracker and the recorded videos 160 

were analysed with Tobii Pro Lab software. The visual gaze was sampled at 50 Hz. A Tobii I-VT 161 

Fixation Filter (minimum fixation duration = 60 ms, velocity threshold = 30°/s, maximum angle 162 

between fixations = 0.5°) as a fixation classification algorithm was used (Tobii Technology, 2012). 163 

2.4.2. Questionnaires 164 

The participants filled out a questionnaire before the base drive (pre-questionnaire) and after the 165 

test drive (post-questionnaire). The pre-questionnaire collected background data including the 166 

driver’s age, the number of years since gaining a licence and the frequency of driving a car (in six 167 

categories from ‘daily’ to ‘less often than 1–2 times a month’). Both the pre- and post-questionnaire 168 

included the Hazard Perception Questionnaire (HPQ) (White et al., 2011) and parts of the Driving 169 

Skills Questionnaire (DSQ) (McKenna and Myers, 1997). The HPQ measures hazard perception 170 
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skills and the DSQ measures driving skills. The participants were asked to compare their hazard 171 

perception skills (6 items), their overall driving skills (1 item: ‘Relative to the average driver of 172 

your age and gender, how skilful do you think you are?’) and specific driving skills (17 items) to 173 

the skills of an average driver of the same age and gender on a seven-point scale from 1 (much 174 

less) to 7 (much more) with a midpoint of 4 (the same).  175 

The post-questionnaire additionally included two open-ended questions, which are relevant 176 

for the interpretation of the standardised results. In the two open-ended questions, the participants 177 

were asked to describe their behavioural response to potentially dangerous pedestrian situations as 178 

well as for their reasons in cases where they did not adjust their behaviour.  179 

2.4.3. Expert’s commentary video 180 

A video was created that included a soundtrack with verbal advice on driving speed, what to pay 181 

attention to and how to respond to potential and actual hazards during the drive. More specifically, 182 

the advice concerned: (1) adjusting driving speed when anticipating a hazard (slowing down in 183 

time by removing the foot from the accelerator and placing it on the brake pedal); (2) paying 184 

attention to situations that might develop into a hazard (pedestrian running along the pavement); 185 

and (3) areas in which hazards might appear (e.g., five metres before and after a zebra crossing, 186 

around a bus at a bus stop and around a business truck as this space is the driver’s workplace). The 187 

video was created with the assistance of a driving school instructor. The commentary was recorded 188 

by a male voice and was synchronised with the video, pausing the visuals when a longer 189 

description of the scene was required. 190 

2.5. Short training intervention 191 

The short training intervention consisted of three parts: a training drive, the expert’s commentary 192 

video and a training drive replay.  193 
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2.5.1. Training drive 194 

During the training drive, two of the potential hazards materialise (Situations 3 and 5, see Table 195 

1), similarly (but not identically) to the base drive. In the first situation, the child continues to run 196 

and crosses the street. Differently from the base drive, there is an adult on the other side of the 197 

street serving as a cue indicating that the child might cross the street to meet the adult. In the second 198 

situation, again differently from the base drive, there is a bus at the bus stop. As the driver 199 

approaches, 100 m further up the street the woman crosses the street in front of the bus. When the 200 

driver is 50 m ahead of the bus, a child runs out from behind the bus and crosses the street. The 201 

first pedestrian crossing the street is used as a cue to indicate that other pedestrians might follow.  202 

At the time when the cues were visible to the driver, there was enough time in both situations for 203 

the driver to stop and avoid the hazard if it materialised. If an accident happened, the simulation 204 

stopped and the drive started again from the beginning. Drivers had to complete the drive without 205 

accidents to continue with the training. The training drive was recorded in order to allow a replay 206 

as part of the training intervention as described in Section 2.5.3.  207 

2.5.2. Expert’s commentary video 208 

The participants watched the expert’s commentary video alone on the 24" monitor. The expert’s 209 

driving speed was displayed as a graph below the video (Figure 3). 210 

2.5.3. Training drive replay 211 

Each participant watched a replay of their own training drive. The video was presented on the 24" 212 

monitor. The driving speed of the participant was displayed as a graph below the video (Figure 3). 213 

During the replay, the participants did not receive any comments as it was intended that they should 214 

reflect on their driving behaviour and compare it to the expert’s. 215 
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 216 

Figure 3. Screenshot of the expert’s commentary video and training drive replay. 217 

2.6. Test drive 218 

During the test scenario participants drove through a sparsely populated area in a rural setting. 219 

There were seven predefined hidden and visible potential hazards that did not materialise (Table 220 

2). Similarly to the base drive, the participants had to be aware of the pedestrian possibly crossing 221 

the street and thus apply tactical hazard perception skills.  222 

Table 2. Description of the hazard situations in the test drive 223 

Situation Type Description of the situations Cue 

1 visible An adult is walking on the left pavement and as a 
driver approaches starts crossing the street, but 
stops after entering the street (1 m). 

Pedestrians on the opposite side of the street 
indicating that the pedestrian might cross to 
meet them. 

2 visible A child, hidden behind parked cars on the right 
side of the street, runs out but stops after entering 
the street (1 m). 

Parked cars obstructing the view of the right 
pavement. 

3 visible An adult is running along the right pavement and 
starts crossing the street between parked cars in 
front of the driver aiming to reach a child running 
on the left pavement. The adult stops after 
entering the street (1 m).  

A pedestrian running on the opposite pavement 
indicating that the pedestrian might cross to 
meet another pedestrian. 

4 hidden A bus is parked at the bus stop. There are 
passengers getting in and out of the bus. A child 
steps out behind the bus and stops instantly. 

A bus at the bus stop obstructing the view of 
the potential crossing pedestrians. 

5 hidden A car is parked by the zebra crossing.  A car obstructing the view of the left pavement. 

6 visible An adult is standing on the right pavement near 
the zebra crossing and looking away. As the driver 
approaches, the pedestrian starts crossing the 
street 5 m before the zebra crossing and stops after 
entering the road (1 m). 

The pedestrian looking away and not noticing 
the approaching participant. 
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7 hidden A business truck is parked on the left side of the 
street. 

The business truck obstructing the view of the 
left pavement. 

 224 

2.7. Data analysis 225 

The data analysis consisted of simulator, eye tracker, and questionnaire data from the base and test 226 

drives. 227 

2.7.1. Simulator data  228 

The participants’ responses to the hazards were examined based on lateral position and changes in 229 

driving speed when approaching a potential hazard. The driving simulator recorded the driving 230 

speed and lateral position data in the hazard window, from 50 metres before the hazard until 231 

passing the pedestrian. The mean speed was calculated for five 10 m intervals and then subtracted 232 

from the preceding interval to examine the changes in speed (Figure 4). For example, Interval 5–233 

4 means that the mean speed in the interval 40–30 m before the hazard was subtracted from the 234 

mean speed in the interval 50–40 m before the hazard. The same procedure was applied to the 235 

lateral position. 236 

Mean speed 5 Mean speed 4 Mean speed 3 Mean speed 2 Mean speed 1

Interval 5–4  Interval 4–3 Interval 3–2 Interval 2–1

50 m 40 m 30 m 20 m 10 m 0 m

Hazard window  237 

Figure 4. The hazard window and intervals for driving speed analysis. 238 

Mann-Whitney tests were used to compare changes in mean speed and lateral position between 239 

the TG and CG for each situation in the base drive and in the test drive. 240 

2.7.2. Eye tracker data  241 
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Dynamic areas of interest (AOI), which covered the pedestrian within the entire hazard window, 242 

were created. For each AOI, the number of fixations, dwell time, average duration of the fixations 243 

and duration of the first fixation were analysed. Dwell time was defined as the sum of all fixations 244 

in the AOI, represented as the percentage of the total length of the hazard window (i.e., the dwell 245 

time is 100 if the driver looks at the hazard all the time during the hazard window). The number 246 

of fixations to the parked business truck and the car near the zebra crossing were registered. The 247 

eye fixation recordings of eight participants were excluded from the analysis due to recalibration 248 

problems during the driving session. The eye movement analysis included 26 participants from the 249 

TG and 26 from the CG. Mann-Whitney tests were used to analyse differences between the TG 250 

and the CG. 251 

2.7.3. Questionnaire data  252 

The overall sum scores for the ‘pre’ HPQ and ‘post’ HPQ and two sum scores (‘overall driving 253 

skills’ and ‘driving skills in specific situations’) from the ‘pre’ and ‘post’ DSQ were calculated. 254 

The ‘post’ sum scores were compared between the TG and CG and the ‘pre’ and ‘post’ sum scores 255 

were compared within both groups employing the non-parametric Wilcoxon Signed Ranks Test. 256 

Open-ended questions were coded and categorised. Pairwise comparisons of the TG and CG were 257 

used to compare the answers to the questions. The Cronbach’s alpha levels indicated an acceptable 258 

scale reliability (Peterson, 1994) for the ‘pre’ DSQ (α = 0.90), ‘post’ DSQ (α = 0.92), ‘pre’ HPQ 259 

(α = 0.89) and ‘post’ HPQ (α = 0.94).  260 

3. Results 261 

3.1. Changes in the average driving speed  262 

We compared the changes in the average driving speed when approaching a hazard between the 263 

TG and CG in the base and in the test drive. The analysis of the base drive shows that there were 264 
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some inconsistent differences in the approach speed between the TG and CG in three out of eight 265 

predefined hazard situations (Situations 3, 5 and 6 in Table 1). In Situations 3 and 6 the CG slowed 266 

down less than the TG, but in Situation 5 the TG increased speed while approaching the potential 267 

hazard location. All of these hazards were visible and there were no parked vehicles. Changes in 268 

lateral position were not significant. 269 

The analysis of the driving speed in the test drive showed significant results in the changes 270 

of the mean driving speed in two out of seven situations. The TG responded with a change of 271 

approach speed earlier in one hidden situation (Situation 5, Table 2) than the CG. The difference 272 

was higher for the TG (Mdn = 1.45) than for the CG (Mdn = 0.85) comparing the mean speed in 273 

the intervals 30–40 m to 20–30 m before the hazard (U = 260, p = 0.005, r = 0.4) while approaching 274 

the bus. Thus, in one hidden situation out of three, the TG adjusted the driving speed in anticipation 275 

of the potential hazard. In one visible situation out of four, the TG responded earlier than the CG 276 

(Situation 7 in Table 2). The TG’s mean speed increased less (Mdn = -2.66) in the last 10 metres 277 

before the pedestrian compared to the mean speed in the interval 20–10 metres to the pedestrian 278 

than for the CG (Mdn = -7.83, U = 314, p = 0.044, r = 0.3) while approaching the pedestrian near 279 

the zebra crossing. As there was no significant difference in driving speed for hidden situtations 280 

between the CG and the TG in the bases drive, we interpret the difference in the one hidden 281 

situation in the test drive as an effect of the training.  282 

3.2. Eye fixations 283 

In the base drive, we compared the number of fixations, dwell time, average duration of the 284 

fixations and duration of the first fixation between the TG and the CG in the situations that were 285 

the same in the base and in the test drive (Situations 4 and 8, Table 1). The results show that there 286 

were no significant differences in the number of fixations to these hazards. The drivers in both 287 
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groups had the same number of fixations on the parked car near the zebra crossing as well as on 288 

the business truck parked on the side of the street (see Table 4). In addition, the dwell time, average 289 

duration of the fixations and duration of the first fixation were not significantly different between 290 

the TG and the CG. 291 

Fixation analysis of the test drive showed that the dwell time, average duration of the 292 

fixations and duration of the first fixation were not significantly different between the TG and CG. 293 

However, the TG fixated significantly more times on the hazard in four out of seven situations 294 

(Situations 3, 4, 5 and 7, see Table 2). The TG fixated more often (Mdn = 5) on the pedestrian than 295 

the CG (Mdn = 3, U = 167.5, p = 0.019, r = 0.3) in Situation 3 in which an adult runs along the 296 

right pavement and starts crossing the street between parked cars in front of the driver with the 297 

intention of reaching a child running along the left pavement. The adult stops one metre after he 298 

has entered the street. In Situation 4, the TG fixated significantly more times (Mdn = 3) on the bus 299 

than the CG (Mdn =2, U = 221, p = 0.043, r = 0.3). 300 

In addition, in Situation 5 and Situation 7 the TG had significantly more fixations on the parked 301 

car and business truck (see Table 3). As these two situations were also included in the base drive, 302 

a before-after comparison was possible. The TG had significantly more fixations after the training 303 

on the parked car than before, but not on the parked business truck. 304 

Table 3. Comparison of number of fixations between and within groups 305 

 Before After After – Before 

 TG CG Between-
group 

comparison 

TG CG Between-
group 

comparison 

TG CG Between-
group 

comparison 

Situation M (SD) M (SD) U (p) M (SD) M (SD) U (p) Z (p) Z (p) U (p) 

Situation 5 
(the parked 
car near the 
zebra 
crossing)  

0.67 
(0.64) 

0.52 
(0.59) 

243 (0.43) 1.22 
(1.28) 

0.78 
(0.79) 

167.5 
(0.017) 

-3.28 
(0.001) 

-1.21 
(0.23) 

186 (0.07) 
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Situation 7 
(the parked 
business 
truck) 

0.79 
(0.78) 

0.57 
(0.78) 

238 (0.37) 0.87 
(0.86) 

0.39 
(0.84) 

162 (0.012) -0.17 
(0.87) 

-0.81 
(0.41) 

222 (0.329) 

 306 
3.3. Self-assessed HPS and driving skills 307 

There was a significant difference in the ‘before’ and ‘after’ sum scores of the self-assessed driving 308 

skills (DS) within the TG. The drivers in the TG rated their DS higher before (M = 70.57) than 309 

after (M = 68.67) the training (Z = -2.03, p = 0.043, r = 0.3). However, analysis of the self-reported 310 

HPS, DS in the specific situations and overall driving skills did not show significant differences 311 

between the TG and the CG (see Table 4).  312 

Table 4. Self-assessed HPS and DS 313 

 Pre Post Post – Pre 

 TG CG Between-
group 

comparison 

TG CG Between-
group 

comparison 

TG CG Between-
group 

comparison 

 M (SD) M (SD) U (p) M (SD) M (SD) U (p) Z (p) Z (p) U (p) 

DS 

(specific) 

70.57 
(9.84) 

70.63 
(13.05) 

419 (0.64) 68.67 
(10.88) 

70.23 
(12.88) 

400 (0.46) -2.03 
(0.04) 

-0.89 
(0.37) 

409 (0.42) 

DS 
(overall) 

4.87 
(1.04) 

4.90 
(1.27) 

415 (0.59) 4.80 
(1.06) 

4.77 
(1.28) 

433 (0.79) -0.82 
(0.41) 

-1.15 
(0.25) 

409 (0.42) 

HPS 36.90 
(5.30) 

37.80 
(6.66) 

406 (0.51) 36.53 
(6.42) 

37.87 
(6.70) 

394 (0.41) -0.10 
(0.92) 

-0.28 
(0.77) 

443 (0.92) 

 314 

3.4. Answers to the open-ended questions 315 

The participants were asked in an open-ended question how they reacted to potentially hazardous 316 

situations with pedestrians in the simulator drive. The answers were coded and the codings were 317 

clearly assigned to five categories. Their frequencies are shown in Table 5 separately for the TG 318 

and the CG. Most drivers in both groups reported having reacted by reducing the speed. However, 319 
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more drivers in the training group (N = 10, 33.3%) than in the control group (N = 3, 10%) reported 320 

that they kept an eye on the pedestrian (p = 0.028).  321 

Table 5. The frequencies of the reaction to the potential hazard 322 

My reaction to the 

potential hazards 

TG (N = 30) CG (N = 30)  

N Respondents (%)  Responses (%) N Respondents (%) Responses (%) 

Reduced the speed 30 100 50.8 28 93.3 53.8 

Adjusted lateral position 

farther away from the 

pedestrian 

9 30 15.3 11 36.7 21.2 

Kept an eye on the 

pedestrian 

10 33.3 16.9 3 10 5.8 

Got ready to brake 7 23.3 11.9 7 23.3 13.5 

Stopped 3 10 5.1 3 10 5.8 

 323 

The participants were further asked why they did not react to certain pedestrian-related situations 324 

(if that was the case). Twenty participants from each group responded to this question. The answers 325 

were first coded and then merged into two major categories: the category ‘No reaction required’ 326 

summarises answers in which each participant explains why a reaction was not necessary (e.g., 327 

because the pedestrian was standing still, he was sure that the pedestrian would not cross, the 328 

situation was not dangerous). The category ‘Failed reaction’ summarises answers in which each 329 

participant reports why he did not react (in time), although he should have (e.g., because he noticed 330 

too late, he was distracted). As Table 6 shows, there are no relevant differences between the control 331 

and the training group.  332 

Table 6. The frequencies of reasons for not reacting to the potential hazard 333 

TG (N = 20)  CG (N = 20) 
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I did not react to the 

hazard because: 

N Respondents (%)  Responses (%) N Respondents (%) Responses (%) 

Failed reaction 10 33.3 30.3 8 26.7 24.2 

No reaction required 13 43.3 39.4 15 50.0 30.3 

 334 

4. Discussion 335 

Using a case-control group design, this study examined whether a short training intervention in a 336 

driving simulator improves young drivers’ tactical HPS. The training consisted of a training drive, 337 

a video with an expert’s commentary and a replay of the training drive, thereby allowing 338 

participants to watch their own driving behaviour during the training drive. To assess the effect of 339 

the intervention, we compared the eye fixations, lateral position and changes in driving speed of 340 

the TG and the CG. In addition, we compared the self-rated DS and HPS in both groups before 341 

and after the intervention.  342 

The training intervention demonstrated a positive effect in hidden pedestrian-related 343 

situations either by reducing speed or by increasing the number of fixation of potential hazards, 344 

indicating that the intervention improved the more advanced HPS. For the visible situations, the 345 

effect with regard to driving speed reduction was less clear, also as there were some unsystematic 346 

differences between CG and TG in the bases drive. Similarly, visual search was only found to be 347 

improved in one visible situation, where drivers from the TG fixated on the hazard more times 348 

than drivers from the CG. Similar results were also found by Zeuwts et al. (2018), who did not 349 

find significant improvements in visual search in visible hazards when examining the effect of 350 

hazard perception training on bicyclists.  The limited improvement in HPS and related behaviour 351 

may be explained by the level of HPS required. As the pedestrian was visible or partly visible, the 352 

skills needed are less advanced. Therefore, it is possible that the drivers in our sample (male 353 
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students 18 – 24 years old), although young, had sufficient skills in these situations and hence the 354 

drivers could not benefit from the intervention in easier, visible hazards. To test this, the study 355 

could be repeated on learner drivers who have required basic vehicle-handling skills but are in the 356 

process of developing higher-order skills, such as HPS. In addition, further studies on a larger and 357 

more heterogeneous group of drivers based on their gender, experience, and age are needed to 358 

identify whether the results can be transferred to other sub-groups of drivers. 359 

Support for this interpretation is found in the fact that the training group demonstrated improved 360 

HPS after the intervention in situations in which the view of the hazards was obscured by other 361 

vehicles. In all three hidden situations, the TG showed improvements in HPS based on the driving 362 

behaviour or fixation analysis. In the two situations that could be compared directly before and 363 

after the training, the number of fixations was higher for the TG than for the CG in the test drive, 364 

while it did not differ in the base drive. Indeed, the number of fixations increased from the base 365 

drive to the test drive in the TG, while this was not the case in the CG. These results were in line 366 

with Pradhan et al. (2007) where trained drivers glanced more often at the areas of potential hazard. 367 

This indicates an increased awareness of the pedestrian as a potential hazard.  368 

In one of the hidden hazard situations (a bus at a bus stop) drivers from the TG decreased 369 

their driving speed in anticipation of the possible hazard and fixated on the bus more times than 370 

the CG, indicating that they paid more attention during the situation. This is also supported by the 371 

open question where trained drivers reported ‘keeping an eye on the hazards’ as a reaction to a 372 

potentially dangerous pedestrian situation more often than CG members. There were, however, no 373 

differences in reasoning as to why they did not react to a hazard between the CG and the TG. The 374 

lack of difference could be based on the phrasing of the question, which did not ask for an answer 375 
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for each hazard, but all hazards in general. Further studies would be necessary to examine in more 376 

detail the underlying reasons for drivers’ missing response to each hazard separately.  377 

Interestingly, the TG rated their driving skills lower after the training, suggesting that the 378 

intervention made drivers more aware of their driving skills and possible limitations. In line with 379 

Vlakveld et al. (2011), this finding indicates that the intervention provided the drivers with a more 380 

profound understanding via the confrontation of their own limitations in the error drive. 381 

Understanding their relevant competencies in combination with the expert’s instructions for the 382 

driving task was linked to the predictability of the driving situations in the test drive. It is possible 383 

that the expert commentary video provided the TG with crucial information regarding recognition 384 

of, and response to, the hidden hazards, but further studies are needed to assess the relative 385 

contribution of the expert commentary video and the error drive. Finally, as with other driving 386 

simulator training methods (e.g. Vlakveld et al., 2011), it is not possible to conclude how trained 387 

HPS would transfer to the driving on the road, therefore, a follow-up on-road study is highly 388 

relevant. In conclusion, the results show that the intervention improved tactical hazard detection 389 

and response skills among young drivers concerning hidden pedestrian-related hazards. During the 390 

training, the participants had a chance to commit their own errors while they were actively involved 391 

in a driving simulator task complemented by an expert’s instructions on how to negotiate these 392 

situations and evaluate their performance while watching the replay of the drive. The improvement 393 

in the advanced HPS suggests that it is relevant to consider ways to include similar training 394 

procedures in basic driver training to support the development of more advanced HPS among 395 

newly licensed drivers. As the implementation of a commentary video is easy, and as with the 396 

rapid technological development simple driving simulators are becoming more available and 397 

affordable to the wider public, HPS training in pedestrian-related situations in a driving simulator 398 
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could be considered as an additional module to the conventional training procedure. The simulator 399 

training could be centralised similarly to lessons on an advanced slippery track, which are not 400 

available in every driving school, but in separate locations. 401 
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