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A B S T R A C T   

Hazard perception training has been proposed as a potential strategy for reducing crash risk in 
drivers. Although previous work has shown that hazard perception is a trainable skill, it also 
indicates that the effect of hazard perception training often decays over time, sometimes to the 
point of being negated. In the present study, we evaluate a hazard perception training course 
specifically designed to minimize the rate of forgetting through the use of evidence-based stra
tegies such as incorporating distributed practice and taking advantage of the contextual inter
ference effect. We report data on a sample of novice drivers, in which we evaluated the effect of 
the course on a validated measure of hazard perception skill (a verbal-response “hazard predic
tion test”) in both the short term (M = 9.24 days, or 1.32 weeks) and medium term (M = 9.87 
weeks, or 2.27 months), using a randomized control design. At both retention points, trained 
participants scored significantly and substantially higher than an untrained control group, 
adjusting for baseline performance. Further, the hazard prediction scores of trained drivers did 
not significantly decrease between the short- and medium-term assessment points, indicating that 
there was no evidence of skill decay over this time frame. There was also no evidence that 
completing the course increased driver confidence at any time point, which is important given 
that increased confidence could potentially lead to unintended negative effects on crash risk. The 
results suggest that the training course improves a skill that has been associated with crash risk 
over a time period that is of practical value, especially as refresher training sessions could be used 
to further extend the effect into the longer term (i.e., beyond the duration examined in this study) 
if necessary.   

1. Introduction 

Hazard perception, which may be defined as a driver’s ability to anticipate dangerous traffic situations, has been demonstrated to 
be one of the few driving skills that can distinguish those who crash from those who do not crash (Horswill, 2016a). Scores on tests of 
hazard perception skill have been linked with drivers’ crash involvement both prospectively and retrospectively (Boufous et al., 2011; 
Cheng et al., 2011; Darby et al., 2009; Horswill et al., 2010; Horswill et al., 2020; Horswill, Hill et al., 2015; McKenna & Horswill, 
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1999; Rosenbloom et al., 2011; Shimazaki & Ishida, 2009; Tūskė et al., 2019; Wells et al., 2008). Hazard perception is also a skill that 
increases with experience (Crundall, 2016; Hill et al., 2019; Sun et al., 2019), and has been linked with key behavioural crash factors, 
including distraction (Horswill & McKenna, 1999), fatigue (Smith et al., 2009), risk-taking behaviour (McKenna et al., 2006), and 
impairment (e.g., alcohol; Deery & Love, 1996). 

1.1. Hazard perception training 

The empirical link between hazard perception and road safety has resulted in calls to develop driver training interventions that 
target this type of skill (Glendon, 2014; Shinar, 2007), in the expectation that this will lead to reduced crash risk. Consequently, there 
have been a number of attempts to improve drivers’ hazard perception skill via training (Horswill, 2016b; Šeibokaitė et al., 2022; 
Unverricht et al., 2018). The theoretical approach typically taken by these interventions (either explicitly or implicitly) is to 
conceptualize hazard perception skill as being linked with drivers’ mental representations of the driving environment (Horswill & Hill, 
2021). Those who are good at hazard perception are better at perceiving and understanding elements of the driving environment, 
allowing them to make predictions regarding future states of that environment, including the potential for crashes; that is, they have 
superior situation awareness (Horswill & McKenna, 2004). Hazard perception training interventions therefore typically focus on 
improving these mental representations of the traffic environment. 

To give an example, Wetton et al. (2013) evaluated the effect of two types of video-based training exercise on novice drivers’ hazard 
perception skill. The first exercise-type (“Commentary Drive”) involved trainees watching a video clip of traffic, filmed from the 
driver’s perspective, while commenting on where they would look and what they would monitor to maximize safety. Trainees were 
then shown the same clip with the addition of a commentary generated by an expert driver. The expert commentary allowed trainees to 
see how they could improve their own commentary in subsequent exercises. The second exercise-type (“What Happens Next”) involved 
trainees watching a traffic clip that cut to black just before a potentially dangerous situation. Trainees were asked to generate pre
dictions as to what might happen after the cut point. They then heard an expert generating predictions on the same clip, before 
watching the clip play past the cut point to reveal what actually happened. Participants were randomly assigned to complete either 
commentary drive exercises, what happens next exercises, a combination of both exercise-types, or placebo training (i.e. video-based 
driver training that did not focus on hazard perception). Participants’ hazard perception skill was tested before the training, imme
diately afterwards, and one week later using video-based response-time hazard perception tests. Compared with the placebo control 
group, trainees’ hazard perception skill was significantly improved immediately following the training for both hazard perception 
training exercises-types used in isolation. However, a significant decay in the training effect was found one week later for each 
exercise-type to the extent that the training effects were no longer significant. When both exercises-types were used together, the 
training effect remained significant after a week, but the decay in skill was still significant. 

These findings indicate that it is possible to train hazard perception skill but, even when successful, the effects of the training might 
be short-lived in some circumstances necessitating evaluations that extend to the medium-term. 

1.2. Studies examining the durability of hazard perception training 

Several studies have examined the effect of hazard perception training in the longer term. When drivers aged 65 and over were 
trained using a combination of the same two exercise types as Wetton et al. (2013), their hazard perception skill (also measured using 
video-based response-time hazard perception tests) was improved, and this improvement was maintained for three months without 
significant decay (Horswill, Falconer et al., 2015). We speculate that this superior retention is a function of trainees’ goals, where older 
drivers might be more motivated to improve their driving ability than novices, given the threat of age-related driving cessation and the 
substantial negative effects associated with this (e.g., depression, decreased health, and increased mortality; Chihuri et al., 2016). 

Chapman et al. (2002) evaluated a video-based training intervention (including commentary drives) with novice drivers. The 
intervention resulted in a greater horizontal spread in drivers’ gaze patterns, suggesting more effective hazard scanning, both during 
real driving and while watching video clips of traffic. In a second assessment conducted three to six months later, this training effect 
persisted with the video clips but became non-significant for on-road driving. Initial post-training reductions in fixation duration when 
viewing videos of traffic (also considered to be a marker of effective visual search for hazards) were also not retained in the follow-up 
assessment. 

Taylor et al. (2011) evaluated a computer-based hazard perception training intervention (“RAPT”) by measuring novice drivers’ 
fixations on predetermined areas relevant to hazard perception (such as locations that might conceal a road user) during a real drive. 
Trained drivers were more likely to fixate on such areas than a control group, both immediately and around 8 months later, without 
significant skill decay. However, for a newer version of the same intervention, Thomas et al. (2017) found that novice driver training 
effects did decay after one month (measured via the number of hazards detected in video clips), though improvements from baseline 
remained significant. 

Ahmadi et al. (2018) evaluated a tablet-based hazard perception training program also based on RAPT and assessed novice drivers 
1 week and 6 months afterwards in an on-road drive. During the drive, trainees’ situation awareness was scored based on both a verbal 
commentary that the drivers produced and their gaze patterns. There was decay found across all measured scenario-types between the 
two measurement points. However, the training effect remained significant for one scenario-type (crosswalk scanning and decisions) at 
six months, but not for other scenario-types (turning, 4-way intersections). In contrast to the studies discussed above, Regan et al. 
(2000) found no evidence of decay when evaluating the effects of another computer-based hazard perception intervention with 
inexperienced drivers. In that study, drivers who received the training exhibited safer behaviour in a driving simulator on both testing 

M.S. Horswill et al.                                                                                                                                                                                                    



Transportation Research Part F: Psychology and Behaviour 94 (2023) 398–412

400

occasions. However, the simulation-based assessments were conducted only three weeks apart (i.e., after one week and four weeks 
post-training). 

More recently, Reyes and O’Neal (2020) reported a study in which they evaluated the effects of two previously established 
computer-based hazard anticipation training programs (PALM and ACCEL) after six weeks. They found no overall effect of training in a 
simulated drive (using gaze direction and driving behaviour measures), for either program, despite previous evidence indicating 
performance improvements immediately after training in one of the programs (ACCEL). 

Overall, the evidence indicates that creating hazard perception training that results in retention over a period of months for novice 
drivers is possible, but is not a foregone conclusion. In some studies, there was no decay in the training effect. In others, there was 
decay, but the training effect remained significant. In yet others, an initial training effect became non-significant at follow-up. 
However, differences between the interventions, evaluation measures, samples, and retention durations across the different studies 
make it hard to draw conclusions. 

1.3. Potential strategies for increasing the likelihood of hazard perception training retention 

In light of the previous literature on hazard perception training retention, how can we maximize the chances that new hazard 
perception training interventions will have an enduring effect, without skill decay? One approach is to consider this issue in the context 
of the forgetting curve, proposed by Ebbinghaus (Baddeley et al., 2020), which highlights the high rate at which individuals forget 
learned material. There is a considerable literature on strategies for minimizing the forgetting curve (Bahrick & Hall, 1991; Will
ingham, 2009), which can potentially be used in the driver training context. 

One such strategy is to structure learning into a format that incorporates distributed practice (Cepeda et al., 2006), with multiple 
spaced-out training sessions (Pashler et al., 2007). The breaks between sessions would ideally include the opportunity for sleep, given 
that long-term learning has been found to be enhanced if trainees sleep between training sessions (Mazza et al., 2016). In this context, 
it is worth noting that the successfully retained driver training intervention reported by Regan et al. (2000) was spaced over five 
weekly sessions. 

Another strategy associated with improved retention is to take advantage of the contextual interference effect (Broadbent et al., 
2017; Magill & Hall, 1990), which refers to the finding that higher levels of interference during learning, usually induced by switching 
tasks frequently, can lead to improved recall and retention. This suggests that drivers might benefit from having a number of different 
training exercise types interleaved with one another (Horswill, Hill, Silapurem et al., 2021). 

Another possibility is to increase the number of training exercises completed (i.e. the total duration of the training intervention), 
given that the quantity of deliberate practice is known to be a key factor in successful skill acquisition (Ericsson et al., 1993). We also 
speculate that trainee motivation is likely to be important to retention, given that the hazard perception skill retention found for 

Fig. 1. Screenshot from the hazard perception training course.  
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potentially more motivated older drivers (Horswill, Falconer et al., 2015) was not found for novices (Wetton et al., 2013). Hence, 
persuading trainees of the value of improving their hazard perception might help improve retention of relevant learned skills, via 
improved engagement. This might also link to other deliberate practice strategies thought to be important to effective skill acquisition, 
such as goal-setting (Ericsson & Poole, 2016). For instance, drivers who have a clear goal of achieving a reduced crash likelihood might 
be more likely to retain what they have learned. 

1.4. A hazard perception training course specifically designed to facilitate retention 

We developed a hazard perception training course using these strategies (see Horswill, Hill, Silapurem et al., 2021, for full details), 
with the aim of creating an intervention that would result in long-term retention (in addition to other goals; see Section 2.2.1). The 
underlying approach of the course was to accelerate the development of drivers’ mental representation of the traffic environment, by 
asking trainees to make judgements on videos of real traffic situations, with feedback. This was based on the well-established theo
retical premise that drivers with superior hazard perception skill have a better situation awareness of the traffic environment, which 
they are able to use to predict dangerous situations earlier (Horswill & Hill, 2021). 

Specifically, the course involved six half-hour sessions, each separated by a minimum of one week, to take advantage of the spacing 
effect and the benefits of sleep consolidation (see Fig. 1 for a screenshot from the course). The course included new versions of the two 
video-based exercise-types used by Wetton et al. (2013), but also included three other types of exercise (see Sections 2.2.1.1 to 2.2.1.5 
for details). The different exercise types were interleaved within the sessions to take advantage of the contextual interference effect 
(see Section 2.2.1 for details of the course structure). The number of exercises completed was also considerably greater than in our 
previous hazard perception interventions (e.g., 8 for the combined intervention in Wetton et al., 2013). Finally, the course included 
messaging intended to persuade drivers that they would benefit from improving their hazard perception skill. This included using crash 
footage to illustrate how easily collisions can emerge from everyday driving situations, and how many of these potential crashes might 
be avoided with superior hazard perception skill. It was made clear to trainees they should set a goal of reducing their crash risk and 
that they could achieve this goal by engaging in the course. 

1.5. Previous evaluations of the hazard perception training course 

The short-term training effects of the course were evaluated in two previous studies, one with unsupervised novice drivers 
(Horswill, Hill, Silapurem et al., 2021) and the other with learner drivers who must drive with a licensed driver (Horswill, Hill, Bemi- 
Morrison et al., 2021). In both studies, significant and substantial training effects on hazard perception skill were found approximately 
one week after course completion (and the supervisors of the learner drivers were also found to have improved their hazard 
perception). However, these initial studies did not evaluate whether trainees’ learning was retained beyond one week, and so the 
possibility remains that the training effects are short-lived. 

1.6. The current study 

The main goal of the present study is to evaluate whether the training effects of the course, as a whole, endure beyond the time span 
of these two previous evaluations, where previous work on other hazard perception training interventions indicates that this is not a 
foregone conclusion. The course was specifically designed using strategies to aid retention of learning (see Section 1.4) but, to date, has 
only been evaluated in the very short term. Evaluating medium-term retention is a crucial step in determining the efficacy of a hazard 
perception training intervention: if interventions are effective in the very short term but this effect disappears over longer time spans, 
then it raises questions about whether such a course is likely to be of practical value if deployed in the real world. To achieve this goal, 
we evaluated the effect of the training course on a validated measure of novice drivers’ hazard perception skill both in the short term 
(defined as around one week post-training) and medium term (defined here as about two months post-training), using a randomized 
control design. 

We hypothesize that the training course will improve trainees’ hazard perception skill relative to controls, as in the previous 
studies. Given the evidence-based strategies that we adopted to promote skill retention (see Table 2 and Section 1.4), we also predict 
that this advantage will remain into the medium term, and that there will be no significant decrease in trainees’ hazard perception skill 
between the short- and medium-term assessments. 

For the present study, we chose to assess these training effects using a measure of hazard perception skill known as a hazard 
prediction test. In such a test, the driver views a series of video clips of traffic scenes (filmed from the driver’s perspective). Each clip cuts 
to black before a traffic incident, at which point the driver is asked to predict what might happen next. Substantial validity evidence 
has been published for several hazard prediction tests, suggesting that this assessment method can yield scores that are a meaningful 
measure of hazard perception skill for research purposes (Crundall, 2016; Horswill et al., 2020; Jackson et al., 2009). Validity evidence 
for scores on the particular hazard prediction test used in the present study includes their empirical associations with crash 
involvement, which were found in two separate samples, and their ability to distinguish between novice and experienced drivers in 
both of those samples (Horswill et al., 2020). In addition, scores on the test were known to be sensitive to short-term improvements in 
hazard perception skill as a result of the training course under investigation (Horswill, Hill, Bemi-Morrison et al., 2021; Horswill, Hill, 
Silapurem et al., 2021), suggesting that, despite its brevity, the test is a good candidate for assessing potential skill retention or decay 
over a longer period. 

Notably, many previous driver training interventions have been associated with counter-intuitive increases in crash involvement 
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(Christie, 2001). It has been proposed that if training leads to an increase in driver confidence, then this can fuel increases in risk-taking 
behaviour, which may reduce, negate, or even reverse any safety benefits of the training (Gregersen, 1996). Hence, the training course 
under evaluation was designed to avoid these increases by including training exercises previously found either to not inflate driver 
confidence (commentary drive and what happens next exercises, Horswill et al., 2013), or to significantly reduce it (video review feedback 
exercises, see Section 2.2.2.4, and Horswill et al., 2017). 

Consistent with our aims in developing the course, completing the training has been found to have no impact on drivers’ confidence 
(as indicated by self-ratings of driving skill) in the short term (Horswill, Hill, Silapurem et al., 2021). However, the possibility remains 
that increases in driver confidence could still occur over time (e.g., once drivers have had more opportunity to consolidate what they 
have learned). In the present study, we tested for this potential unintended consequence by evaluating drivers’ self-ratings of their own 
skill in the medium term as well. 

2. Method 

2.1. Participants 

Participants included in this study had to: (1) hold a current Australian driver’s licence; (2) have passed an Australian on-road 
driving test; (3) be aged under 25 years; (4) typically drive at least weekly (in order to complete the real world transfer exercises, 
see Section 2.2.1.5); (5) have access to an email account and a mobile phone (for course registration); (6) have access to a PC with 
Windows 7 or later at home with a reliable internet connection (to allow them to complete the course); and (7) have not participated in 
other hazard perception research studies. 

We recruited enough people to allow for a minimum of 84 participants at the medium-term assessment point (assuming substantial 
participant attrition due to the lengthy duration of the study), given 95% power, an alpha of 0.05, and assuming a large effect (η2 =

0.14). Consequently, one hundred and fifty-two drivers were recruited. Of these, 92 responded to Facebook posts (these individuals 
were paid 200AUD; approximately 130EUR), and 60 took part via a first year psychology research participation pool (these individuals 
received course credit and were paid 100AUD; approximately 65EUR). All participants were randomly assigned to either a trained 
group or a waitlist control group (see Section 2.3 for details). Group assignment did not differ by recruitment method, Х2 (1, N = 147) =
0.33, p = .567 (and there was no significant interaction between group and recruitment method for either hazard prediction test scores 
or skill self-rating changes). One participant was excluded because they were assigned to the waitlist control group but erroneously 
completed the first session of the training course after the baseline assessment session. During the study, 4 participants in the trained 
group encountered difficulties accessing a working PC to complete the training course as intended due to COVID-19 movement re
strictions in 2020. Their data were also excluded from the analysis. 

Thirty-nine participants chose to withdraw before the short-term follow-up, leaving a final sample of 108 participants who 
contributed data to the study (see Section 2.3 for details of the appointment schedule and Table 1 for sample descriptives). This 
withdrawal rate was independent of study condition, Х2 (1, N = 147) = 3.00, p = .083. There were no significant differences at baseline 
between the two conditions for age (Mann-Whitney U = 1409, p = .817, rank biserial correlation = 0.025), years driving (Mann-Whitney 
U = 1318, p = .433, rank biserial correlation = 0.088), and kilometres driven per year (Mann-Whitney U = 1243, p = .213, rank biserial 
correlation = 0.140). Sex was also independent of study condition, Х2 (1, N = 108) < 0.01, p = .960. A further 4 participants withdrew 
from the study before the medium-term follow-up appointment, leaving 104 participants at that time-point. There was no significant 
difference between the trained and waitlist control groups in the number of individuals who completed the study and those who did 
not, Х2 (1, N = 147) = 2.84, p = .092. 

Eighty-seven of the participants were recruited during March/April 2019 and the remaining 65 were recruited during March 2020. 
The 2020 sample completed the study during COVID-19 restrictions, which meant that they were tested online rather than in the 

Table 1 
Participant Characteristics (n = 108).  

Variable  Trained group Waitlist control group Total 

Age (years) M 19.08 19.16 19.13 
SD 1.26 1.49 1.38 
Range 17–23 17–23 17–23 

Sex Female (%) 67.35 67.80 67.59 
Male (%) 32.65 32.20 32.41 

Licence type Provisional (%)1 97.96 98.31 98.15 
Unrestricted (%)2 2.04 1.69 1.85 

Years since passing on-road driving test M = 1.86 1.63 1.73 
SD = 1.11 0.80 0.95 
Range = 0.42–7.00 0.25–3.00 0.25–7.00 

Kilometres driven per year M = 13,159.88 11,168.78 12,072.15 
SD = 8,630.73 6,627.93 7,630.20 
Range = 1,591–58,000 165–30,000 165–58,000  

1 Provisional licence holders in Australia can drive unaccompanied (i.e., they are not learner drivers) but they are subject to certain driving 
restrictions. 

2 Unrestricted licence holders in Australia are not subject to the provisional driver restrictions. 
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laboratory (see Section 2.3). There were no significant group by year-of-testing interactions for changes in hazard prediction test scores 
or self-ratings of skill, indicating that the effects of the training on these variables did not differ significantly between the two years. 
Both group assignment, Х2 (1, N = 147) = 0.36, p = .547, and withdrawal rates (short-term: Х2 (1, N = 147) = 1.91, p = .167; medium- 
term: Х2 (1, N = 147) = 1.52, p = .217) were also independent of year-of-testing. Consequently, the samples from both years were 
merged for all substantive analyses. 

2.2. Materials 

2.2.1. Hazard perception training course 
The current study evaluated a version of the hazard perception training course originally described by Horswill, Hill, Silapurem 

et al. (2021) and Horswill, Hill, Bemi-Morrison et al. (2021), which was modified with the addition of a further real world transfer 
exercise option (see Section 2.2.1.5 for details of this). In addition to the strategies designed to maximize enduring skill retention 
described earlier, the course also involved: (1) the use of over 100 video clips of real crashes; (2) evidence-based learning activities, to 
improve drivers’ hazard perception skill (see Sections 2.2.1.1 to 2.2.1.4); (3) the inclusion of activities specifically designed to 
facilitate skill transfer to real driving (see Section 2.2.1.5); and (4) the application of “deliberate practice” principles and strategies (e. 
g., all exercises involved participants practicing hazard perception skill either on-road or with video clips of driving, see Sections 
2.2.1.1 to 2.2.1.5). 

The course was divided into six separate online sessions, with an enforced separation of no less than 7 days between each session 
during which participants were encouraged to complete a real world transfer exercise when driving (see section 2.2.1.5). The video- 
based elements of the course could be completed online on any networked PC running Windows 7 or later. A screenshot from the 
course can be seen in Fig. 1, Table 2 outlines the design rationales behind the course, and Fig. 2 shows the course structure. De
scriptions of the various exercise types mentioned in Fig. 2 are provided below. 

Fig. 2. The structure of the hazard perception training course (reproduced from Horswill, Hill, Silapurem et al., 2021).  
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2.2.1.1. What happens next exercises. The course included 17 what happens next exercises, spread across the 6 training sessions. In each 
exercise, the participant viewed a video clip of a traffic situation, which was filmed from the driver’s perspective, while imagining that 
they were the driver. The clip cut to black before a traffic conflict (i.e., a situation in which the driver of the car with the camera would 
have to brake or steer to avoid hitting another road user) played out, in some cases resulting in a crash. When the clip cut to black, the 
participant was asked to describe any hazardous events that could occur within 5 s of the cut-point. Next, they viewed a video of an 
expert making predictions about the same clip, and were then shown how the incident in the clip actually resolved. Finally, they were 
shown examples of crashes that mapped onto other predictions made by the expert. The instruction video for this exercise-type can be 
viewed here: https://youtu.be/j6E0WkOCB4I. 

2.2.1.2. Crash analysis exercises. Nine crash analysis exercises were spread across the 6 training sessions. In each exercise, the 
participant was shown a video clip of a real crash and then asked to analyse the incident, including describing what happened and why, 
as well as what those involved in the crash could do to minimize the chances of similar events reoccurring. Next, the participant viewed 

Table 2 
Summary of rationales behind the design of the new hazard perception training course (table adapted from Horswill, Hill, Silapurem et al., 2021). The 
first two rationales are proposed to be relevant to potentially improving retention of skills learned in the course. The third rationale relates to driver 
confidence.  

Issues with previous driver training Specifications for new interventions that 
address issues with previous training 

Solutions used to meet specifications in the new 
course 

Traditional training regimes do not typically take 
into account the forgetting curve. 

Interventions should employ strategies known to 
minimize skill decay. 

The course structure involves practice schedules 
known to reduce forgetting, via strategies such as 
distributed practice (e.g., spacing the training over 
6 weekly sessions) and the interleaving of exercise- 
types. The format allows for convenient low-cost 
refresher sessions. 

Driver training is considered more effective at 
improving safety when trainees are motivated 
to improve their safety and understand that 
this is the point of the training. 

Interventions must be clear in communicating their 
goal to reduce crash risk (rather than just improving 
certain skills or enabling specific licensing tests to 
be passed) and may need to persuade trainees of the 
value of this goal. 

The course frames learning goals explicitly in terms 
of avoiding crashes, and includes content designed 
to persuade trainees of the value of this goal (e.g., 
using footage of real crashes to illustrate how 
unpleasant these events are for those involved and 
how easily they can arise from everyday driving 
situations, see Section 1.4). 

Some prior driver training has increased driver 
confidence, hence increasing risk-taking and 
crash risk. 

Interventions must avoid triggering inappropriate 
increases in driver confidence and/or increases in 
risk-taking. 

The course includes exercise-types previously found 
not to affect confidence ratings (e.g., commentary 
drive exercises, see Section 2.2.1.3). 

Traditional driver skills training can be regarded as 
a far-transfer situation as drivers rarely 
experience the events that they are learning to 
avoid (i.e. crashes). 

Interventions should create a near-transfer 
situation. Interventions should also consider 
strategies for increasing the likelihood of skill 
transfer. 

The course provides high-frequency experience of 
real crashes using video clips. Multiple crash 
examples are used, drawing attention to underlying 
commonalities. On-road activities designed to 
facilitate transfer from the online course to real 
driving are included (e.g., drivers are asked to 
predict potential crash scenarios during real 
driving, see Section 2.2.1.5). 

Traditional driver training focusses on lower-order 
skills that are not correlated with crash risk, 
such as vehicle handling. Training focussing 
on higher-order cognitive skills shows more 
promise. 

Interventions should focus on improving higher- 
order skills known to be associated with crash 
involvement. 

The course focuses on improving drivers’ hazard 
perception skill (e.g., by including exercises 
previously shown to improve hazard perception, 
such as commentary drives, see Section 2.2.1.3). 

Traditional driver training does not tend to 
systematically employ evidence-based 
strategies for the efficient attainment of 
expertise. 

Interventions should employ evidence-based 
principles of efficient learning, where possible. 

The course uses strategies associated with efficient 
learning, such as: goal-setting (e.g., trainees are 
asked to attempt to match expert drivers’ 
commentary drive standards); deliberate practice 
(e.g., trainees are asked to generate their own 
commentary drives, both during video exercises and 
in real driving); provision of high quality and timely 
performance feedback (e.g., after generating each of 
their own commentary drives, trainees view an 
expert commentary on the same traffic situation to 
allow comparison); generative activities (e.g., 
drivers are asked to predict what will happen next 
in various situations, see Section 2.2.1.1); and the 
use of test-like exercises (e.g., trainees must identify 
traffic conflicts in videos while being timed, see 
Section 2.2.1.4). 

Some driver training found to be effective involves 
high-cost resource-intensive instruction that 
may present barriers to mass roll-out and the 
use of refresher sessions. 

Interventions should be scalable and low cost to 
facilitate mass roll-out and the use of refresher 
sessions. 

The course is automated and can be run without an 
instructor. The course can be completed on any 
suitable internet-connected device.  
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a video of an expert’s analysis of the same crash. In some of these exercises, further examples of similar crashes, with commentary, 
were also shown to participants. The instruction video for this exercise can be viewed here: https://youtu.be/bv7G4RXY5C4. 

2.2.1.3. Commentary drive exercises. Participants completed 11 commentary drive exercises, distributed across Sessions 2 to 6 of the 
course. In each exercise, the participant watched footage of a car journey (shot from the driver’s perspective). Their task was to provide 
a running commentary describing what they were monitoring and what cues they could see that might signal potential hazards, as well 
as making predictions as to what might happen next. Then they viewed the same footage accompanied by an expert driver’s com
mentary. Finally, they were shown a selection of crash clips to illustrate some of the comments made by the expert. The instruction 
video for this exercise-type can be viewed here: https://youtu.be/GtjFlV5M-jc. 

2.2.1.4. Video review feedback exercises. A video review feedback exercise was included in each of Sessions 3 to 6 (4 exercises in total). 
Each exercise included 4 or 5 video clips filmed from the driver’s perspective, which contained traffic conflicts (i.e., events in which the 
camera car was on course to hit another road user at some point). For each clip, participants were asked to click on the other road user 
(s) involved as soon as they predicted a traffic conflict. The clip was then replayed with superimposed markers indicating the time and 
location of (1) the participant’s response, (2) the point where the average driver would predict the conflict, and (3) the point where an 
expert driver would predict the conflict (average and expert driver data were derived from previous work, see Horswill et al., 2017, for 
details). The same data were then displayed as response times on a bar graph. The replay and graph provided performance feedback to 
allow the participant to see how they compared with other drivers. After completing all of the clips in an exercise, participants were 
shown video clips of crashes associated with traffic conflicts similar to those in the clips. The instruction video for this exercise-type can 
be viewed here: https://youtu.be/avdZ6dKdHwU. 

2.2.1.5. Real world transfer exercises. At the end of Sessions 1 to 5, the participant was asked to select an activity to complete during 
real driving in the interval before the following session. The aim of this exercise was to facilitate transfer between what they had 
learned during the computer-based components of the course and actual traffic situations. Each activity was linked to an element of the 

Fig. 3. Study design.  
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video-based exercises. There were two options available in Session 1, with new options introduced each session, to make a final total of 
six. Options included: “At various points during my drive, I will consider the following question: If a crash was going to occur within 
the next five seconds, what could it be?”; and “I will make a special effort to monitor and adjust my following distances, based on my 
assessment of the current level of risk”. One new option was introduced in the version of the course used in the present study (which 
was the only change made to the course). In this option, the participant’s task was to “make a special effort to adjust my speed, based on 
my assessment of the current level of risk”. 

After selecting their real world transfer activity, the participant was asked to choose a day and time to receive a reminder text 
message (e.g., just before an anticipated journey that week). At the start of the next computer-based training session, the participant 
completed a survey in which they were asked whether they engaged in their chosen activity. 89.80% of trainees reported completing 
all five real world transfer activities, 8.16% reported missing one, and 1 individual reported missing two. No one reported missing more 
than two activities. 

2.2.2. Hazard prediction test 
Participants completed a validated hazard prediction test (Horswill et al., 2020) during each of the three laboratory appointments 

(see Section 2.3 and Fig. 3). The test was described to participants as a “What Happens Next” assessment, and no mention was made of 
the term “hazard” in the test instructions. This was because test-takers can vary substantially in how “hazardous” they judge a 
particular driving scenario to be (Wetton, Hill, & Horswill, 2011). For example, researchers have found cross-cultural differences in the 
interpretation of what constitutes a traffic hazard (Ventsislavova et al., 2019). Hence, instructing drivers to predict “hazards” 
potentially conflates the measurement of anticipatory skill (i.e., hazard perception) with test-takers’ subjective judgements as to how 
dangerous an event must be before it is regarded as hazardous (i.e., risk perception). 

The test featured six clips filmed from the driver’s perspective. The participant was invited to imagine that they were driving the 
camera car. Each clip depicted the precursors to several potential traffic conflicts (traffic conflicts were defined as a situation in which 
the participant, as driver of the camera car, would need to slow down or change course to prevent a crash). 

The clip cut to black after the appearance of one or more predictive cues, but before any traffic conflicts had a chance to play out. 
The participant’s task was to describe as many predictions as they could, out loud, regarding what might happen next. Their responses 
were audio recorded and an experienced assessor, who was blind to the participants’ condition, scored them. To determine how many 
plausible traffic conflicts participants predicted, the assessor made a judgement as to whether each of the participant’s predictions was 
a sufficient match to one of the items on a pre-determined list of predictions derived from an expert panel (see Horswill et al., 2020, for 
details). The assessor assigned participants one point for every matching prediction. The participant’s test score was calculated as the 
average number of matching predictions made per clip. These scores have been found, in two separate samples, to correlate with self- 
reported crash involvement and to discriminate between high-risk (novice) and lower-risk (experienced) driver groups (Horswill et al., 
2020). The internal consistency of the test in the current study (baseline assessment) was acceptable (Cronbach’s α = 0.72). 

To examine the transferability of the training to previously unseen clips, four new clips were added for the short-term assessment 
(Cronbach’s α = 0.81) and a further four were added for the medium-term assessment (Cronbach’s α = 0.70). These clips were shown 
after the six original clips at each time-point, and analysed separately. 

2.2.3. Self-rated driving skill questionnaire 
Participants completed a questionnaire in which they rated their own driving skill, both overall and for 15 different skill com

ponents, as compared with the median driver (Horswill et al., 2013; Horswill et al., 2004). Six of the measured skills were related to 
hazard perception (e.g., “awareness/anticipation of other road users’ behaviour”) and four were related to vehicle control (e.g., 
“controlled emergency stops”). The vehicle control items were intended as a control measure, where the hazard perception training 
course might be expected to affect hazard perception skill ratings but not vehicle control ratings. 

Note that the original questionnaire had 18 items, but 2 items were excluded because they referred to manual gear use (“hill starts” 
and “appropriate use of gears”), which many participants in the present sample would have been unfamiliar with. There was one item 
previously classified as vehicle control (Horswill et al., 2004), which was also excluded in this study (“adapting to conditions”) because 
the concept of adapting one’s driving to suit the conditions was explicitly linked to hazard perception during the training course. 

Participants responded to all items on an 11-point scale (1 = “Bottom 10% of Brisbane drivers”; 6 = “Typical Brisbane driver – 50% 
are more skilful, 50% are less skilful”; 11 = “Top 10% of Brisbane drivers”). For each participant, sub-scale scores were calculated by 
averaging over the relevant items, and a composite measure of overall driving skill was determined by averaging self-ratings for the 15 
specific skill components and the single overall skill item. The internal consistency of the scales in the present study was acceptable 
(hazard sub-scale: Cronbach’s α = 0.82; vehicle control sub-scale: Cronbach’s α = 0.82; overall scale: Cronbach’s α = 0.92). 

2.3. Procedure 

Fig. 3 shows the design of the randomized control trial. Participants completed the outcomes measures (the hazard prediction test 
and the self-rated driving skill questionnaire) at three different time points (baseline, short-term post-course, and medium-term post- 
course). For participants recruited in 2019, all assessments were conducted face-to-face in a university laboratory. For participants 
recruited during 2020, all assessments were conducted online due to restrictions associated with the COVID-19 pandemic. Online 
assessments involved the use of video conferencing to monitor participants as they completed online versions of the three tests. 

After completing the baseline assessment, participants in the waitlist control group were told that they would be contacted to 
arrange a follow-up appointment. The trained group commenced the hazard perception training course immediately, completing 
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Session 1 under supervision (either in the laboratory or monitored via video-conferencing software). The trained group were then 
asked to schedule dates on which they would complete the remaining 5 training sessions (unsupervised), leaving at least 1 week 
between each session. 

Researchers monitored the progress of participants in the trained group, sending reminder messages before each session and follow- 
up messages if they missed a scheduled session, asking them to reschedule. 

The short-term follow-up assessment was scheduled for approximately one week after the trained group had completed the training 
course, and the medium-term follow-up was scheduled for approximately two months after the end of the course (see Fig. 3 for de
scriptives). At the end of the medium-term follow-up assessment, participants in the waitlist control group were given access to the 
course to complete in their own time. Note that other driving-related measures were also taken using this sample of participants, but 
these were not relevant to the present study. 

2.4. Data analysis 

The effects of the training course on hazard perception skill were evaluated using a series of ANCOVAs, with a post-training hazard 
prediction test score (either short-term or medium-term, as appropriate) as the dependent variable. In all analyses, trained versus control 
assignment was the independent variable, and baseline hazard prediction test score was the covariate. 

Potential training decay effects between the short and medium-term assessments were assessed using paired-sample t-tests on the 
hazard prediction test scores. The effects of the training course on self-ratings of driving were evaluated using independent sample t-tests 
(independent variable: group; dependent variable: change in rating between baseline and both post-training assessment points). 

3. Results 

3.1. Effects of the training course on hazard perception skill: Trained participants vs. controls 

One hundred and eight participants provided data for the short-term follow-up (though hazard prediction test data for 8 of these 
participants was lost due to technical issues). One hundred and four participants provided data for the medium-term follow-up (no 
missing data). 

Using Horswill et al.’s (2020) original 6-clip hazard prediction test (where the same clips were used at both baseline and post- 
training, noting that participants received no feedback regarding their performance), a significant training effect (i.e. a trained vs. 
untrained advantage, controlling for baseline performance) was found at both the short-term follow-up, F(1,97) = 28.9, p < .001, η2 =

Fig. 4. Hazard prediction test scores by group (estimated marginal means, covarying for baseline performance; error bars show standard errors of the 
mean) at short-term follow-up (left column) and medium-term follow-up (right column), for the same clips at baseline and post-training (top row), 
and for new clips introduced at each post-training time point (bottom row). Note that the maximum possible number of matched predictions 
(averaged across clips) was 4.33 for the 6-clip test administered at baseline and post-training, and 4.75 and 4.50 for the two follow up tests involving 
new clips. 
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0.168, ω2 = 0.161, and the medium-term follow-up, F(1,101) = 10.1, p = .002, η2 = 0.066, ω2 = 0.059 (see Fig. 4 for estimated 
marginal means and Table 3 for raw means). This indicates that trained participants were able to predict more traffic conflicts than 
untrained participants at both post-training assessment points. 

In order to evaluate the generalisability of the training effect, further ANCOVAs were conducted using only data from the previ
ously unseen hazard prediction test clips presented during the post-training assessments. As before, significant effects were found both at 
the short-term follow-up, F(1,97) = 19.0, p < .001, η2 = 0.119, ω2 = 0.112, and the medium-term follow-up, F(1,101) = 9.94, p = .002, 
η2 = 0.072, ω2 = 0.064 (see Fig. 4 for estimated marginal means). Note that scores for unseen clips violated normality at the short-term 
follow-up (p = .006), but data from a square root transformation to remove this violation yielded a nearly identical result, F(1,97) =
17.43, p < .001, η2 = 0.108, ω2 = 0.102. That is, the ability of trained participants to predict more traffic conflicts than untrained 
participants extended to situations they had not previously encountered. 

Given the individual differences in training course duration, we inspected the correlation between training course duration and the 
change in the hazard prediction test score (6-clip version) between baseline and short-term follow up. The correlation was not sig
nificant, r(44) = -0.06, p = .714, indicating that variation in the course duration was not associated with training effectiveness. 

3.2. Decay of training: short-term vs. medium-term hazard perception performance 

The hazard prediction test scores of the trained drivers did not significantly decrease between the short- and medium-term as
sessments, t(43) = 0.80, p = .428, Cohen’s d = 0.121 (original six-clip test). This suggests that the original effect of training was not 
diminished by the passage of time (around 2 months). However, there was also a significant increase in hazard prediction test score for 
the waitlist control group from the short term to the medium term, t(51) = -3.07, p = .003, Cohen’s d = -0.426. This increase could not 
be accounted for by individual differences in the duration between the short and medium-term assessments, as the correlation between 
duration and hazard prediction test scores (6-item test) was not significant, r(94) = -0.10, p = .327. Possible explanations for the 
improvement of the control group (noting that neither group received training between the short-term and medium-term assessments) 
are provided in the discussion. Note that there was a violation of normality in each of these analyses, but non-parametric tests yielded 
the same pattern of results (trained group, short-to-medium term: Wilcoxon W = 407.00, p = .601, rank biserial correlation = -0.099; 
control group, short-to-medium term: Wilcoxon W = 272.00, p = .009, rank biserial correlation = -0.451). 

3.3. Effects of the training course on self-ratings of driving skill: Trained participants vs. controls 

There was no training effect on any of the self-ratings of driving skill, either at short-term follow-up (hazard perception: t(106) =
-0.79, p = .433, Cohen’s d = -0.15; vehicle control: t(106) = 1.07, p = .289, Cohen’s d = 0.21; overall driving skill: t(106) = 0.20, p = .845, 
Cohen’s d = 0.04), or medium-term follow-up (hazard perception: t(102) = -0.11, p = .915, Cohen’s d = -0.02; vehicle control: t(102) =
0.30, p = .765, Cohen’s d = 0.06; overall driving skill: t(102) = -0.12, p = .90, Cohen’s d = -0.02). Note that there was a violation of 
normality for the short-term effects, but non-parametric tests yielded the same pattern of results (hazard perception: Mann-Whitney U =
1226.50, p = .177, rank biserial correlation = 0.15; vehicle control: Mann-Whitney U = 1329.5, p = .474, rank biserial correlation = 0.08; 
overall driving skill: Mann-Whitney U = 1437.50, p = .963, rank biserial correlation = 0.01). 

The duration of the training course did not correlate with self-rated changes between baseline and the short-term assessment, r(47) 
= -0.06, p = .663, indicating that this factor was not associated with perceived course outcomes. 

4. Discussion 

4.1. Key study findings and their implications 

This study describes a randomized control trial that was conducted to evaluate the effectiveness of a hazard perception training 
course for improving novice drivers’ hazard perception skill in both the short term (M = 9.24 days, or 1.32 weeks; range: 1.05 to 28.78 
days) and medium term (M = 9.87 weeks, or 2.27 months; range: 50.09 to 91.78 days). Significant and substantial training effects were 
found for the trained group relative to a waitlist control group in scores on a validated hazard prediction test in both the short-term and 
medium-term follow-up assessments. These improvements were found for traffic situations seen by all participants at baseline, and also 
for novel traffic situations introduced at each follow-up assessment. Furthermore, there was no evidence of skill decay among the 
trained group, as their scores did not significantly decrease between the short-term and medium-term follow-ups. 

These results suggest that the new course has succeeded in achieving retention of novice drivers’ hazard perception learning over 
this time frame, indicating that the course has the capacity to improve hazard perception skill for at least two months. Nevertheless, it 
is possible that this skill will decay over a longer time frame, which is something that needs to be investigated in future research. 
However, even if this is the case, the nature of the intervention (online, automated, with relatively low costs to make the materials 

Table 3 
Raw means (SDs) of hazard prediction test scores (mean matched predictions per clip) by group across the three assessment points.   

Baseline assessment Short-term assessment Medium-term assessment 

Trained group 1.23 (0.47) 1.92 (0.70) 1.86 (0.67) 
Waitlist control group 1.36 (0.52) 1.44 (0.56) 1.62 (0.61)  
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available to drivers) means that booster sessions with appropriate spacing (e.g., every few months) could potentially be used. 

4.2. Potential mechanisms facilitating the successful retention 

These findings contrast with the skill decay found in some prior studies in the weeks and months following hazard perception 
training (e.g., Wetton et al., 2013; Reyes and O’Neal, 2020). While direct comparisons between the different studies are not possible (e. 
g., different assessment timing, different dependent measures, different designs, different samples), we can speculate on possible 
reasons for the retention of learning found in the present study. These might include: (1) the use of training strategies known to in
crease retention (e.g., the spacing effect and high contextual interference); (2) the relatively large number of exercises and corre
spondingly greater course duration (46 exercises over about 3 h); (3) greater trainee engagement with the course (e.g., due to the use of 
real crash examples); and (4) greater motivation to learn among trainees, due to course content devoted to persuading them of the 
value of the training. 

The present findings do not provide insight into which (if any) of these potential sources of variation are responsible for the 
retention of training in this study. Future work to determine the conditions required for retention in this context would be useful. For 
instance, if it was found that similar retention could be obtained with a shorter training course, then this might provide further benefits 
(e.g., a shorter course might lead to greater training uptake and completion). 

4.3. Why waitlist control participants improved between the short and medium term assessments 

One unexpected finding was that the waitlist control group significantly increased their hazard prediction test scores on Horswill 
et al.’s (2020) original 6-clip hazard prediction test between the short- and medium-term assessments, despite both groups experiencing 
the same treatment during this time (i.e., no intervention). This led to a reduced, though still significant, difference between the two 
groups at the medium-term assessment (where the effect size for the between-groups difference declined from large to medium). There 
are several possible explanations for this finding. First and foremost, given the extended time frame involved, the waitlist control group 
could potentially have benefitted from maturation of their hazard perception skill through the driving experience they accrued in the 
time between the short-term and medium-term follow-up assessments (given that hazard perception skill improves with experience, 
Horswill & Hill, 2021). In contrast, those in the trained group may have been rendered precocious by the training, effectively skipping 
this maturation period by fast-tracking their skill development. 

Other explanations are possible. For instance, assuming that they recognised the traffic clips from the baseline assessment, we can 
speculate that the trained group probably had insight that the course had substantially improved the number of predictions that they 
made during the short-term follow-up assessment, and had no expectation of further improvements at the medium-term follow-up 
assessment since they had received no further training in the interim. Hence, in the medium-term follow-up test, they may have been 
satisfied with their performance once they had identified a similar number of hazards to what they identified in the short-term follow- 
up test. In contrast, the control group might have had some insight that they were performing at a low level on this test (despite 
receiving no feedback on their performance). This may have manifested in either genuine attempts to perform better, leading them to 
deduce some of the more generic predictions (i.e., outcomes that are less reliant on specific training to predict), or increased guessing. 
Alternatively, it is possible that the much greater number of video clips experienced by participants in the trained group as part of the 
course might have made them less likely to remember details of the 6 original clips from the hazard prediction test. The control group, 
however, only saw the clips used in the hazard prediction test, and hence might have been better able to remember and reflect on those 
specific clips between assessments. 

4.4. The medium term effects of the training course of drivers’ self-ratings of skill 

Despite improving their hazard perception skill, completing the training course did not affect participants’ self-ratings of their own 
driving skills (i.e., hazard perception skill, vehicle control skill, and overall driving skill) in either the short or medium term. These findings 
are consistent with prior research on the short-term effects of the training course (Horswill, Hill, Silapurem et al., 2021), and extend 
them to the medium term. Nevertheless, it was possible that the course could have yielded reductions in self-ratings in the present 
study, given that some of its constituent elements have been associated with decreased self-ratings in the past, namely the video review 
feedback exercises (Horswill et al., 2017). More crucially, however, both the present findings and those of Horswill, Hill, Silapurem 
et al. (2021) suggest that the course does not appear to lead to increased driver confidence, which has been linked to negative learning 
and increased crash risk in the past (Gregersen, 1996). 

4.5. Study limitations and future research 

A key limitation of the current study is that it provides little insight into which of the elements of the training course were 
responsible for the medium-term retention (see Section 4.2). Further work, involving different versions of the course, in which key 
elements are added or removed, would be needed to tease out the underlying strategies that facilitated the medium-term retention, 
which has not been found with other interventions. 

Another limitation is that it is possible that the training course improved test scores without improving real driving behaviour, 
despite the prior evidence linking scores on the hazard prediction test that we used to crash involvement (Horswill et al., 2020). 
However, while examining the transfer of learning from the course to real driving was beyond the scope of the data presented in this 
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paper, we have examined it elsewhere (Horswill et al., 2022). Specifically, the course was found to reduce heavy braking, speeding, 
and over-revving rates during everyday driving (though note that, unlike the present study, the on-road study did not evaluate medium 
term retention). 

Other useful avenues for future research include evaluating the course over longer time frames, with different driver groups (e.g., 
drivers aged 65 and over), and examining whether the course directly impacts drivers’ crash involvement. Individual differences in 
training effectiveness could also be examined. For example, there is some data suggesting that hazard perception training benefits 
differ according to driver personality factors (Zhang et al., 2018). This could mean that the most effective approach would including 
having different intervention protocols for different drivers. For instance, some individuals may be able to gain the full training 
benefits from a shorter version of the course without supervision, while others may need one-on-one mentoring in a more controlled 
environment over a longer training period. In addition, further research to determine the relative contributions of the different ele
ments of the course would be of value. For instance, it is presently unclear the extent to which new elements, such as the real world 
transfer activities or the inclusion of real crash footage, contribute to the overall training effect. Another open question is whether the 
automated online nature of the course creates disadvantages compared with if it had been deployed face-to-face, potentially with an 
instructor. While the former has clear cost and convenience benefits, it could be that there are benefits from a face-to-face instructor- 
led alternative, such as increased engagement and the ability to tailor the training for individuals. 

4.6. Practicalities regarding potential deployment of the hazard perception training course 

In terms of enabling large scale deployment of the hazard perception training course, further investigation of how to persuade 
drivers to complete the course is warranted. In the present study, considerable financial compensation (or course credit equivalents) 
was provided, but this may not be practical when rolling out the course at scale. Other options to increase the likelihood of course 
completion might include restructuring the course to fit into existing driver training (e.g., trainees do brief sessions on a mobile device 
at the beginning of their traditional driving lessons) or leveraging influential others (e.g., parent-supervisors) to encourage course 
completion at the learner stage (Horswill, Hill, Bemi-Morrison et al., 2021). In jurisdictions where drivers are required to obtain a 
minimum score on a hazard perception test as a requirement of obtaining their unrestricted driver licence (e.g., the UK and Australia), 
one option would be to make hazard perception courses available to individuals about to attempt the test (e.g., as part of online test 
preparation materials). The incentive to complete the training in this situation would be that trained drivers would be more likely to 
pass the test and hence be able to progress towards obtaining their unrestricted drivers’ licence. 

4.7. Technical aspects of the study: face-to-face versus online testing 

One notable technical aspect of the current study was the shift from face-to-face to online testing partway through due to COVID 
restrictions. While it was not possible to draw empirical conclusions about this shift because participants were not randomly assigned 
to the two conditions, we can speculate about the likely impact. Differences with the online experience would include: (1) the 
equipment was not standardized, as online participants used their own computers rather than lab computers; (2) the environment was 
not standardized (i.e., each online participants completed the assessments in a different room); and (3) it is possible that there were 
distractions that were not evident to researchers monitoring participants remotely that would have been noticeable if researchers had 
been face-to-face. The expected effect of these factors would be to potentially add noise into the data, assuming any of the factors had a 
meaningful influence on task performance (e.g., via increased distraction). This could, in principle, lead to online testing yielding 
smaller effect sizes as a result (hence requiring larger sample sizes to maintain the same statistical power). 

4.8. Conclusions 

In conclusion, the results presented in this paper suggest that the hazard perception training course under evaluation can improve 
hazard perception skill (measured using scores on a test known to be associated with crash risk), and that improved performance is 
retained in the medium term. Importantly, the performance improvements include generalization to novel traffic situations. While 
further data is required to demonstrate transfer to real driving and crash risk, the findings nonetheless support the proposal that this 
type of training intervention has the potential to reduce crash risk on a large scale. 
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Tūskė, V., Šeibokaitė, L., Endriulaitienė, A., & Lehtonen, E. (2019). Hazard perception test development for Lithuanian drivers. IATSS Research, 43(2), 108–113. 
https://doi.org/10.1016/j.iatssr.2018.10.001 

Unverricht, J., Siby, S., & Yusuke, Y. (2018). Latent hazard anticipation in young drivers: Review and meta-analysis of training studies. Transportation Research Record, 
2672(33), 1–9. https://doi.org/10.1177/0361198118768530 

Ventsislavova, P., et al. (2019). A comparison of hazard perception and hazard prediction tests across China, Spain and the UK. Accident Analysis and Prevention, 122, 
268–286. https://doi.org/10.1016/j.aap.2018.10.010 

Wells, P., Tong, S., Sexton, B., Grayson, G., & Jones, E. (2008). Cohort II: A study of learner and new drivers. Department for Transport. https://webarchive. 
nationalarchives.gov.uk/20101007192957/http:/www.dft.gov.uk/pgr/roadsafety/research/rsrr/theme2/cohort2/cohortiifindings.pdf. 

Wetton, M. A., Hill, A., & Horswill, M. S. (2011). The development and validation of a hazard perception test for use in driver licensing. Accident Analysis & Prevention, 
43(5), 1759–1770. https://doi.org/10.1016/j.aap.2011.04.007 

Wetton, M. A., Hill, A., & Horswill, M. S. (2013). Are what happens next exercises and self-generated commentaries useful additions to hazard perception training for 
novice drivers? Accident Analysis and Prevention, 54, 57–66. https://doi.org/10.1016/j.aap.2013.02.013 

Willingham, D. T. (2009). Why don’t students like school? A cognitive scientist answers questions about how the mind works and what it means for the classroom. Wiley.  
Zhang, T., Hajiseyedjavadi, F., Wang, Y., Samuel, S., Qu, X., & Fisher, D. (2018). Training interventions are only effective on careful drivers, not careless drivers. 

Transportation Research Part F: Traffic Psychology and Behaviour, 58, 693–707. https://doi.org/10.1016/j.trf.2018.07.004 

M.S. Horswill et al.                                                                                                                                                                                                    

https://doi.org/10.1016/j.trf.2022.03.018
https://doi.org/10.1016/j.trf.2020.03.016
https://doi.org/10.1016/j.aap.2020.105969
https://doi.org/10.1016/j.aap.2015.05.019
https://doi.org/10.1348/000712699161341
https://doi.org/10.1348/000712699161341
http://refhub.elsevier.com/S1369-8478(23)00044-X/h0150
http://refhub.elsevier.com/S1369-8478(23)00044-X/h0150
https://doi.org/10.1016/j.aap.2012.12.014
https://doi.org/10.1111/j.1559-1816.2004.tb02543.x
https://doi.org/10.1080/00140130802030714
http://refhub.elsevier.com/S1369-8478(23)00044-X/h0170
https://doi.org/10.1177/0956797616659930
http://refhub.elsevier.com/S1369-8478(23)00044-X/h0180
http://refhub.elsevier.com/S1369-8478(23)00044-X/h0180
https://doi.org/10.1037/1076-898X.12.1.1
https://doi.org/10.3758/BF03194050
https://doi.org/10.1016/j.aap.2010.08.005
https://doi.org/10.1016/j.aap.2010.08.005
https://doi.org/10.1016/j.ssci.2022.105742
http://refhub.elsevier.com/S1369-8478(23)00044-X/h0215
https://doi.org/10.1016/j.aap.2009.03.016
http://refhub.elsevier.com/S1369-8478(23)00044-X/h0230
https://doi.org/10.1016/j.iatssr.2018.10.001
https://doi.org/10.1177/0361198118768530
https://doi.org/10.1016/j.aap.2018.10.010
https://doi.org/10.1016/j.aap.2011.04.007
https://doi.org/10.1016/j.aap.2013.02.013
http://refhub.elsevier.com/S1369-8478(23)00044-X/h0275
https://doi.org/10.1016/j.trf.2018.07.004

	Further down the road: The enduring effect of an online training course on novice drivers’ hazard perception skill
	1 Introduction
	1.1 Hazard perception training
	1.2 Studies examining the durability of hazard perception training
	1.3 Potential strategies for increasing the likelihood of hazard perception training retention
	1.4 A hazard perception training course specifically designed to facilitate retention
	1.5 Previous evaluations of the hazard perception training course
	1.6 The current study

	2 Method
	2.1 Participants
	2.2 Materials
	2.2.1 Hazard perception training course
	2.2.1.1 What happens next exercises
	2.2.1.2 Crash analysis exercises
	2.2.1.3 Commentary drive exercises
	2.2.1.4 Video review feedback exercises
	2.2.1.5 Real world transfer exercises

	2.2.2 Hazard prediction test
	2.2.3 Self-rated driving skill questionnaire

	2.3 Procedure
	2.4 Data analysis

	3 Results
	3.1 Effects of the training course on hazard perception skill: Trained participants vs. controls
	3.2 Decay of training: short-term vs. medium-term hazard perception performance
	3.3 Effects of the training course on self-ratings of driving skill: Trained participants vs. controls

	4 Discussion
	4.1 Key study findings and their implications
	4.2 Potential mechanisms facilitating the successful retention
	4.3 Why waitlist control participants improved between the short and medium term assessments
	4.4 The medium term effects of the training course of drivers’ self-ratings of skill
	4.5 Study limitations and future research
	4.6 Practicalities regarding potential deployment of the hazard perception training course
	4.7 Technical aspects of the study: face-to-face versus online testing
	4.8 Conclusions

	Author Note
	Funding
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Data availability
	References


