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Introduction: Traffic collisions are a principal cause of death in Europe, disproportionately 
affecting young drivers. Driving safety depends not only on our ability to anticipate and 
respond to dangers on the road but also on the level of risk we are willing to engage within 
our own driving behaviour.
Methods: Hazard prediction (HPr) and risky decision-making (RDM) tests were given to 
three groups of young Spaniards (169 participants): 54 non-drivers (M=20), 65 novice 
(M=21) and, 50 experienced drivers (M=26 years old). Both tests presented participants 
with video clips of driving recorded from the driver’s perspective. The HPr test contained 
hazardous situations caused by the actions of another road user (eg, a pedestrian crossing the 
road). Each HPr clip was occluded as a hazard began to unfold and participants were asked to 
predict “what happens next?” They selected their answer from four on-screen options. The 
RDM test used clips where any imminent danger would be provoked by the film-car driver’s 
risky behaviour (eg, overtaking illegally). Participants were asked to report the probability of 
following certain types of risky behaviour (eg, “Would you go forward with the lights on 
amber?” or “Would you overtake the cyclist/lorry/bus at this point?”). In addition, the effect 
of the locality of the driving scenarios was manipulated: they could take place in the 
participant’s native country (Spain) or in a different country (UK).
Results: Non-drivers and novice drivers were less able to predict upcoming hazards and 
more likely to make risky decisions. Driving scenarios from another country (UK) provoked 
riskier decisions than those from the participants’ home country (Spain).
Conclusion: Improvement in HPr skills among novice or new drivers poses a huge 
challenge as far as driver training is concerned, though it is only part of the solution. 
Young inexperienced drivers’ willingness to engage in risky behaviour also needs to be 
tackled. Our results suggest that such RDM can be assessed in a similar way to HPr skill, 
using a naturalistic approach, which raises the possibility of assessing and training drivers on 
a wider range of safety-related behaviours.
Keywords: driving, hazard detection, anticipation, hazard perception, risk estimation, 
decision taking

Introduction
In 2019, 22,800 people died in road collisions across the 27 EU member states. 
Thirteen per cent of these victims were aged between 18 and 25, despite only 8% of 
European drivers falling within this age group.1 This reflects an international pattern of 
where inexperienced drivers are over-represented in collision statistics. This can be 
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partly explained by under-developed skills such as hazard 
perception,2 though risky behaviour linked to lifestyle and 
age undoubtedly plays a role.

Young people with insufficient driving experience 
underestimate risk (ie, novice drivers show less awareness 
of the real hazards of the road environment), overestimate 
their driving skills (they consider they have mastered all 
the necessary driving skills) and do not adapt their driving 
behaviour to the demands of the specific traffic situation 
(eg, excessive speed, small safety margins, unsafe follow
ing-distances, aggressive driving, risky manoeuvres and 
engaging in secondary behaviours such as making a 
phone call).3–6 Efforts should be made to raise the aware
ness of novice drivers about the danger of overconfidence 
in their driving skills. For instance, training after obtaining 
their driving licence should be contemplated to help fully 
develop their driving skills. The inherent caution of newly 
licensed drivers decreases once they start driving, as they 
feel they have already received their formal training. An 
accurate calibration of driving skills and driving demands 
depends not only on the amount of practice but also on the 
quality of the feedback the driver receives from the 
environment:5 Novice drivers’ training should gather 
information from different assessment methods to compare 
their subjective view of their driving skills with their real 
driving ability. This can be achieved by using active search 
(eg, hazard awareness training) and feedback from the 
environment to improve their ability to read the road.

Driving: A Question of Skill and Assumed 
Risk
Driving safety depends not only on the skill of the person 
driving but also the risk he or she willingly assumes in 
carrying it out.7 Many recent attempts to assess and give 
training in hazard skills will only mitigate part of the 
underlying problem. To better assess the safety of a driver, 
we must also consider the harm that they place themselves 
in through their behavioural choices. Risky decision-mak
ing (RDM) can have a number of causes including an 
inability to understand the level of danger their actions 
place them in, over-confidence in their own abilities, sen
sation seeking, and an incorrect assessment of the advan
tages and costs of taking that risk.3,5

In hazard awareness tests, hazardous situations are 
typically provoked by the actions of another road user 
(eg, a delivery driver half-hidden by their vehicle suddenly 
crosses the road). In this sense they can be considered as 

“passive” hazards. Guidelines for the development of such 
tests state that the driver whose perspective we adopt 
should not cause the hazard.8 In order to measure a dri
ver’s likelihood of risky decision-making, the converse 
situations are required, where any inherent danger in the 
scene would be caused by the film car driver’s actions. 
Such “active” hazards might include driving too closely to 
the vehicle ahead, driving at inappropriate or excessive 
speed, or making a risky overtaking manoeuvre.

While clip-based assessment of RDM appears possible, 
there has been confusion in the hazard awareness literature 
due to the mixing of hazard perception and RDM mea
sures within the same test. HPr and RDM tests should 
measure these underlying processes separately, though it 
would still be feasible to do this within the same assess
ment, providing scores for these two constructs are kept 
separate. This is necessary as internal consistency has been 
a problem for hazard perception tests, possibly due to the 
inclusion of active hazards such as “tailgating”.9 Similarly, 
the inclusion of gap-acceptance clips again introduces 
active hazards into an otherwise purer measure hazard 
perception (as the film car driver’s decision will initiate 
the hazard).10 In fact, the correlation between a propensity 
to take risky decisions and the skill of hazard perception is 
poor, which might explain why typical hazard awareness 
tests have avoided measures of RDM.11 This has been 
evidenced in studies featuring re-offender drivers, who 
perceive the hazards correctly but seem to underestimate 
the risks posed by their behavioural choices.12,13

Several studies have attempted to measure risk-taking 
independently from hazard awareness. For instance, clips 
filmed from vehicles travelling at different speeds were 
used to assess drivers’ speed choices. According to the 
results, drivers’ propensity to be involved in speed-related 
collisions was related to their speed choices.14,15 More 
recently, video-based measures of drivers’ following dis
tance and gap acceptance behaviours were studied.16 

Drivers’ risk propensity has also been assessed via the 
Vienna Risk Test,17,18 where the dimensionality and con
struct validity of this test was piloted. Finally, a Go No-Go 
driving simulator task was also used to evaluate drivers’ 
RDM.19

Hazard Perception in Driving
While it does not always follow that prediction of hazards 
will lead to successful avoidance, we argue that it is an 
essential antecedent. It has been demonstrated that a 
greater ability in hazard perception20 and HPr21 correlates 
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with a decrease in collisions. Moreover, it has been found 
that hazard scores correlate with the execution of abrupt 
braking during real driving.22,23

Hazard perception has been defined as the skill of 
“reading the road”, anticipating what is going to happen 
in order to detect and respond to events on the road that 
have a high probability of producing a collision and 
require the driver to carry out an evasive manoeuvre, 
brake or change trajectory.14 Novice drivers typically per
form worse in hazard perception than experienced 
drivers.8,12,13

It has been argued that experience helps in the identi
fication of hazard precursors: clues of imminent hazards 
that can be either behavioural or environmental. 
Behavioural hazards involve a visible road user in a situa
tion that has not yet become hazardous but may do so. 
Environmental hazards (also called latent hazards) are 
those where the object of the hazard is not yet visible 
and can only be predicted by the environment (eg, a 
high-sided vehicle may hide a pedestrian).24 We argue 
that experience influences identification of such precur
sors; thus, drivers with less experience will be less able 
to use precursors to predict hazards, and their subsequent 
responses to on-road dangers are likely to be reactive and 
unplanned.25

To perceive a hazard and be able to respond to it 
requires at least three stages, typically co-opted from 
situation awareness.26 These are perception (ie, perceiving 
the relevant elements on the road), comprehension (ie, 
understanding how these elements interact with each 
other and the environment) and projection (ie, predicting 
what will happen next). The situation awareness that is 
derived from these processes feeds into a driver’s deci
sion-making process. Other influences such as goals, 
expectations and information processing biases will also 
contribute in decision-making. Due to these multiple influ
ences, it is not the case that perfect situation awareness 
will always result in the desired outcome.

In addition, previous results from our lab have demon
strated how attentional capture in complex driving situa
tions can influence HPr. Trials in which a salient traffic 
element might attract attention away from the location of a 
developing hazard produced the worst results compared to 
trials where a salient element was coincident with the 
spatial location of the hazard. Simple hazards, where the 
relevant precursor was the only salient object, produced 
the best performance. Drivers with experience achieved 

better performance than novices, and novices obtained 
better results than non-drivers.27

Taking Risky Decisions in Driving
Not all drivers perceive the same risk in a situation or 
understand their own ability to confront it. To improve our 
understanding of the problem of unsafe driving, it is 
necessary to explore which variables allow us to predict 
and identify unsafe drivers. Evaluating them more pre
cisely could allow us to improve the efficacy of the diag
nostics (ie, understanding of the mechanisms underlying 
unsafe driving choices) and equally, of the interventions to 
be carried out to modify them.

Risk perception could be defined as the subjective 
assessment of the extent and controllability of risk in a 
decision situation.28 While some drivers are simply not 
aware of the risk in some hazardous situations,29 the 
literature demonstrates a relationship between personality 
and risky driving.30–32 Specifically, a greater risk accep
tance is related to personality traits such as sensation- 
seeking,33 aggression and extroversion, as well as low 
levels of altruism and low levels of aversion to risk;31,32,34 

under-estimation of risk and greater sensitivity to 
reinforcement.35

Regarding driving experience, those drivers with 
greater experience are likely to have encountered many 
risks and had several opportunities to calibrate their own 
skill against their risk appraisals. Young and inexperienced 
drivers have had fewer opportunities to calibrate their 
risk–skill relationship and tend to perceive situations on 
the road as less hazardous while also overestimating their 
skills.36

Research has been undertaken where the propensity to 
assume risk in driving was measured using real driving 
situations recorded on clips. The researchers measured the 
predisposition to assume risks according to the speed at 
which drivers chose to drive in different real driving 
situations recorded on video clips.7 Their findings verify 
that the differential effect on speed choice is due to drivers 
having learned to detect hazards: they were only choosing 
slower speeds when they had detected a more hazardous 
scene. More recently, the predisposition to assume risk 
was measured according to the drivers’ own minimum 
comfortable distance and gap acceptance behaviours in 
comparison with the distance shown in the clip.16 Riskier 
choices were made by young drivers than by older drivers 
for both gap acceptance and following distance 
behaviours.
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The Vienna Risk Taking Test17 also measures the pro
pensity to assume risk in driving by using situations 
recorded on clips that vary in degrees of objective risk. 
The published study included 15 clips of traffic situations 
with a high degree of objective risk that required the driver 
to perform a manoeuvre: “an overtaking manoeuvre in a 
situation where one meets another car”; 7 video clips 
dealing with passing manoeuvres or “traffic situations 
that require speed choices” (eg, passing a slower car in 
front of one’s own before a blind bend, deciding when to 
slow down when approaching another car on a highway) 
and 7 traffic situations at intersections (eg, turning right in 
a situation with crosswise traffic, crossing a road that has 
right of way). Drivers had to watch and press a button if 
they thought the manoeuvre had become too dangerous to 
continue. The mean latency before the button was pressed 
was taken as a measure of the respondent’s subjectively 
accepted degree of risk (according to Scheiblechner’s 
model). The Vienna Risk Taking Test is reported to assess 
from the results a (unidimensional) latent personality trait 
that could be considered as a measure of the degree of risk 
accepted by drivers,18 and positive correlations were also 
found between the Vienna Test and sensation-seeking 
measures, and negative correlations between the Vienna 
Test and personality traits such as responsibility and self- 
control.

The Effect of Locality on Hazard 
Awareness and Risk Taking
Different countries show wide differences in driving, 
including the social and legal rules that their governments 
consider acceptable. In addition, driving styles, road laws, 
vehicles and culture can influence the nature of the traffic 
hazards, hazard perception and the willingness of their 
drivers to take risks. The effect of “environmental famil
iarity” on hazard perception has been explored.37 Novice 
vs experienced Australian drivers’ performance was 
assessed using both Australian and UK traffic video 
clips. It was found that the advantage of experience per
sists even in unfamiliar environments. The authors con
cluded that hazard perception abilities contain at least 
some general components. However, it should be noted 
that the UK and Australian traffic environments recorded 
shared very similar environmental features.37

Malaysian and UK drivers’ hazard performance using 
videos recorded in these two countries has also been 
compared.38 Using a speeded push button response to the 

appearance of a hazard, the researchers found UK drivers 
responded to more hazards than the Malaysian drivers, 
especially when they were presented with Malaysian 
clips. The authors suggested that cultural differences in 
hazard criteria (ie, the internal threshold at which one 
considers an event to be a hazard) impacted more than 
experience on hazard perception test performance (even 
though many hazards share similarities across countries at 
a structural level).39 When given an occlusion-based 
hazard prediction test however, the impact of drivers’ 
internal criteria was mitigated in their responses to the 
question “what happens next?” Hazard prediction tests 
are certainly harder than push-button hazard response 
tests where the full hazard is always visible,40 but they 
appear better at differentiating driver groups in a variety of 
international contexts. Considering the above, two ques
tions emerged: Are drivers aware of their poor perfor
mance in these different circumstances? Will this affect 
the risks they are willing to take in different local 
contexts?

The Current Study
This study aims to develop new HPr and RDM tests using 
footage of Spanish and UK driving. The aim is to assess 
whether either test can distinguish between drivers with 
different levels of driving experience and whether the 
socio-cultural context (same country context – clips filmed 
in Spain vs a foreign country context – clips filmed in 
England), and driving habits of the country will impact 
performance in the test.

In the HPr test, participants are presented with traffic 
clips of real driving situations recorded from the driver’s 
perspective. These clips are cut just when a hazard is on 
the point of unfolding (for example, a pedestrian encroach
ing on the road). An “active” scenario would be one where 
the driver of the car in the clip has made choices that 
instigated the hazard, whereas in the “passive” videos, 
the driver of the viewpoint vehicle is responding to 
hazards provoked by others. It is possible to clearly and 
reliably distinguish between “passive” and “active” 
hazards when selecting idiosyncratic source material 
from the naturalistic driving footage for each distinct 
test: HPr and RDM.

In the RDM test, clips of real traffic scenes (clips 
recorded in Spain and the UK) where risky situations are 
about to happen (eg, jumping a traffic light on amber or 
overtaking illegally) are used in a novel way, asking parti
cipants to what degree they would continue with the risky 
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manoeuvre. Therefore, the participant assumes the role of 
the film-car driver and thus these situations can be con
sidered active scenarios where participants must consider 
what behaviour they would perform, based on an appraisal 
of risk compared to their self-perceived skills.

The HPr test should be able to differentiate between 
our participant groups according to their driving experi
ence, with more experienced drivers performing better. We 
also expect performance in the same country (Spanish) 
clips to be better than in different country (UK) clips. 
With regard to the RDM test, we expect non-drivers and 
novice drivers to accept a higher degree of risk than more 
experienced drivers.

Finally, if calibration can be defined as behavioural 
regulation on the basis of anticipated hazards, HPr and 
RMD measures, it is expected that these measures could 
be negatively correlated (although some authors insisted 
that the negative correlation between RDM and HPr was 
poor).11

Method
Design
A 2×3 mixed design was employed using clips from dif
ferent countries (Spanish vs English clips) presented to 
three groups of drivers (non-drivers, novice and experi
enced drivers). Scores on the HPr test and on the RDM test 
were the dependent variables. The two tests were pre
sented separately in two blocks. These blocks were coun
terbalanced across participants and across type of block 
(Spanish vs English clips).

Participants
A total of 169 Spanish participants (64 female), aged 
between 18 and 30 years took part in this study. 
Participants were recruited via social media platforms 
and driving schools. They were students attending the 
University of Granada (Faculty of Psychology and 
Faculty of Sciences) or learner drivers attending Genil 
and Victoria Driving Schools (Granada). They were 
selected according to their driving experience and were 
distributed in three groups: non-drivers, novices and 
experienced drivers. Specifically: the non-drivers group 
included 54 participants (M=20 years old) who had no 
driving experience (and no driving license). There were 65 
novice drivers (M=21 years old) in possession of a driving 
license for less than 5 years (M=3 years), who had driven 
less than 10,000 kms (M=4195 km) in the previous 12 

months and drove with a medium-low frequency (eg, once 
a month). Finally, a total of 50 drivers with more than 5 
years’ driving experience (M=26 years old) were also 
recruited. These drivers had at least five years of post- 
licensure experience (M=8 years) and had driven more 
than 10,000 km in the previous 12 months (M=17,800 
Km). They also drove with high frequency (ie, every day 
or nearly every day). None of the participants had experi
ence of driving in the UK.

Young people are proportionally more likely to be 
involved in a fatal road collision. Therefore, only young 
people under thirty were recruited (non-drivers, novice and 
experienced drivers: M= 20, 21 and 26 years old, 
respectively).

None of the participants were offender drivers (none of 
them had received the Spanish re-education course to 
recover lost points of their driving license) or had had a 
car crash in the last 2 years. None of the participants had 
children. The final sample of participants is described in 
Table 1.

All the participants affirmed that their educational level 
was medium or high (middle-grade or higher, or university 
studies). As compensation for contributing to the investi
gation, participants from the Faculty of Psychology 
received a course credit corresponding to 0.2 of the final 
mark (10) of one of their assignments in the Department of 
Experimental Psychology. The remaining participants 
were compensated with a small souvenir from the 
University shop, eg, a keychain.

Ethical Considerations
This study was conducted in accordance with the 
Declaration of Helsinki. The project was approved by the 
Ethics and Research with Humans Committee of the 
University of Granada (147/CEIH/2016). Prior to the 
experiment, participants received information about the 
study, guaranteeing the voluntary nature of their participa
tion, anonymity and confidentiality of their data. All parti
cipants were given details about the project and asked to 
sign a voluntary consent form to participate in this study. 
Participants were provided with an email in case they 
wished to withdraw their data, since ultimately their per
formances in such tests could reflect their driving (and 
safety) performance.

Materials and Procedure
Both the HPr test and the RDM test were programmed and 
run with E-Prime 2.0 software (Psychology Software 
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Tools, Inc.). In both tests, the clips were selected from a 
database of more than 300 clips of real driving situations 
recorded in a naturalistic way in traffic in the province of 
Granada and in Nottinghamshire (England) with 4 cameras 
simulating the front field of vision of the car, the side and 
rear-view mirrors. The clips were displayed with a resolu
tion of 1920×1080 on a 16-inch screen, in an aspect rela
tion of 16:9, at a distance of 50–60 cms.

The assessment demands of a country-specific test should 
be as follows. First, a culturally agnostic HPr and RDM 
driving test should take into account the driving habits, 
norms and rules of the country concerned.39 By recording 
naturalistic driving situations, this should be guaranteed. 
Spain and the UK are comparable in safety records; however, 
these countries differ in terms of road norms and culture (for 
instance, they drive on a different side of the road, on the 
right in Spain vs the left in the UK). Second, the test must be 
as comparable as possible in all other aspects. The two blocks 
of (Spanish/British) video clips selected in the tests (HPr and 
RDM) were similar in terms of situation depicted: type of 
hazard, driving environment and time of day (daytime, no 
bad weather conditions).

Participants were seated in front of a screen at a dis
tance of around 60 cms. Prior to the experiment, they were 
required to provide demographic data: sex and age (see 
Table 1).

In the general instructions, participants were told that 
they would perform two tasks, or blocks, separated by a 
short rest, each block having 20 clips: 10 of the situations 
were recorded in Spain, 10 in England.

Two experts in Psychology and Traffic Safety, with more 
than twenty years of experience in the field of road safety, 
classified the HPr and RDM videos, selected the occlusion 
points of the HPr videos (that could make a HPr Test easier or 
more difficult) at the moment just before the hazard unfolded 
(approx. 2 seconds in advance of a potential collision), and 
chose the multiple choice options for the HPr test questions, 
in order to standardise them for the Spanish and UK clips. 
There was considerable agreement between the judgments of 
the two experts, the disagreements were resolved, and the 
guidelines reconsidered. In this way, a HPr test of medium to 
high difficulty was developed.

The order of performing the tasks of HPr and of RDM 
was counterbalanced across participants. Both began with 
instructions on how to complete the tests and 2 practice 
trials specific to the particular task. The duration of the 
experiment (watching 40 clips in total) was approximately 
25 minutes. The duration of the clips varied between 8 
seconds and 48 seconds.

Task of Hazard Prediction
For the selection of situations for the HPr test, the situa
tions considered were those in which some obstacle with 

Table 1 Descriptive Statistics of All Participants

Inexperienced  
N= 54

Novice  
N=65

Experienced Drivers  
N=50

Mean Standard 
Deviation

Mean Standard 
Deviation

Mean Standard 
Deviation

Age  

(years old)

20 2 21 2 26 5

N =  

Males(M)/ 

Females (F)

27M/27F 38M/27F 40M/10F

Educationa 5 1 5 2 5 2

Frequency of drivingb (From 1=Every day, 

to 5=Never or hardly ever)

5 0 3 1 1 0

Kms driven in last 12 months 6 23 4195 4434 17,800 7977

Years with license 0 0 3 2 8 3

Notes: a Education: Incomplete Primary, 2=Primary, 3=Secondary, 4=High School (A-level), 5=Middle-grade, 6= Higher-grade, 7= University. bFrequency of driving: 1= Every 
day or nearly every day, 2=Once or twice a week, 3=Once or more than once a month, 4=Once or more than once a year, 5=Never or hardly ever.
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which the participant’s vehicle could collide was encoun
tered on its trajectory. The clip was cut just as the hazard 
was beginning to develop (see Table 2).

Participants were told,

In this test you will see clips of driving recorded from the 
perspective of a driver. It is very important that you observe 

the clips as if you were the driver. These clips will be abruptly 
cut just before a ‘Hazard’ appears. We understand a ‘Hazard’ 
to be an obstacle that requires a reaction, whether by braking 
or by carrying out a manoeuvre to avoid colliding with it. Your 
task consists of telling us: ‘What will happen in the traffic 
scene just after the clip is cut?’ For this you must select (from 
between 4 alternatives we will suggest) the option you think 

Table 2 Spanish Clips (Same Country) and United Kingdom Clips (Different Country) Used in Hazard Prediction Test

No Sec. Road Description Precursor

Hazard Prediction 
(HPr) Clips

Spanish 1 30s Urban A motorbike appears on the left Blind bend

2 30s Urban The door of the red car on the 
right opens

Person walking towards the red car 
on the right

3 23s Urban A motorcycle on the left enters 
your lane

Motorcycle flashing indicator

4 17s Urban A pedestrian on the right 
crosses the road

The same pedestrian appeared 
between the bushes before

5 21s Urban A silver car stops and tries to 
park

Rear lights of the silver car

6 36s Suburban A white van tries to enter your 
lane from the right

The white van suddenly appears

7 28s Urban Pedestrian on the right Pedestrian visible between the 
parked cars

8 33s Urban Bus entering your lane Bus flashing indicator

9 18s Urban Motorcyclist overtakes on the 

right

Sighting in the right-hand rear-view 

mirror

10 28s Urban Pedestrian on the left The pedestrian is looking at the car

UK 1 21s Suburban The lorry on the left overtakes Lorry on the left

2 35s Urban The car ahead brakes sharply Brake lights of the car

3 44s Urban A line of cars stops ahead Brake lights of the car

4 27s Urban A policeman is in the middle of 

the road

Blind bend

5 38s Urban The car ahead meets an 

obstacle

Indicator of the car flashing

6 11s Urban Pedestrians on the right The road-worker signals with his 

hand that you must stop

7 48s Urban The van on the right enters 

your lane

Abrupt movement of the van

8 22s Suburban The red car on the right enters 

our lane

Abrupt movement of the red car

9 48s Urban A bus enters our lane Brake lights of the car in front

10 44s Urban A van on the left enters my lane The stationary van on the left begins 

to move
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best describes how the hazardous situation will evolve, by 
pressing the number of your chosen option on the keyboard. 

For the question: “What will happen in the traffic scene 
when the video clip is cut?” a multiple-choice test with 4 
possible answers (3 distracting options and 1 correct 
option) was created. For example: a. The vehicle ahead 
of us brakes sharply, b. The cyclist enters the road, c. The 
bus starts moving and enters our lane. D. The pedestrian 
on the right enters the road (See Figure 1). The correct 
answers for each clip and the multiple-choice distracter 
options are provided in Table 3.

Both the correct answer and all three distracting 
options were designed following the guidelines to develop 
and validate multiple-choice test items (eg, short, simple 
sentences).41 One point was awarded for selecting the 
correct option. The correct option described the hazardous 
situation that would really occur after the video was cut. 
This methodology follows several previously successful 
studies using a multiple-choice hazard prediction test and 
finding significant differences between experienced and 
novice drivers.13,27,39,42–45 As supplementary material, a 
more detailed description of the traffic situations used for 
the Spanish and UK hazard prediction test are shown in 
Figures S1–S2

Risky Decision-Making Task
For the new RDM test, risky driving situations were 
selected and cut just before a risky behaviour could have 
been undertaken, eg, jumping a red traffic light or over
taking recklessly (ie, performing an illegal manoeuvre or 
aberrant behaviour; Figure 2).

These are the RDM test instructions:

You will now be presented with clips that will be cut 
immediately prior to a specific driving situation and you 
will be asked to respond: ‘How likely are you to engage 
with this behaviour (eg, overtake or pass through an amber 
light?’). These are some examples of the situations that 
you may be asked about: ‘Would you go forward with the 
lights on amber?’ or ‘Would you overtake the cyclist/lorry/ 
bus at this point?’ You should rate your answer on a Likert 
scale from 1 to 6: (1-not likely to 6-very likely). (See 
Table 4). 

There were no right or wrong answers as the test measured 
the participant’s proneness to taking risky decisions.

As supplementary materials, a more detailed descrip
tion of the traffic situations used for the Spanish and UK 
risky decision-making test are shown in Figures S3–S4.

Results
Hazard Prediction
A (2) x3 Analysis of Variance (ANOVA) compared test 
locality (Spain vs UK) across the three driver groups for 
HPr accuracy (mean % of clips accurately responded to).

The interaction between these factors approached signifi
cance [F(2166)=10.26, p<0.08, η2p=0.057] but only margin
ally. The main effect of locality was significant [F(1166) 
=8.27, p<0.005, η2p=0.047], with higher scores for the 
same country clips from Spain (Mean = 71.66, Standard 
Deviation = 12.54) than for the different country clips from 
the UK (M=68.84, SD=15.77). A significant main effect of 
driving experience was also found [F(2166)=10.26, p<0.005, 
η2p=0.1]. Non-drivers (M=65.83, SD =13.02) performed 
worse than novice drivers (M=70.92, SD=14.25), with the 
experienced drivers producing the highest scores (M=7400 

Figure 1 The 3 images represent the end of a video-clip (for example, this clip where the hazard is a bus that enters our lane) followed by an occlusion panel (cut-to-black) 
and finally the 4 multiple choice options are shown on screen.
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SD=9.25). Pairwise comparisons yielded significant differ
ences for non-drivers and novices (Mean Difference, 
MD=5.09, Standard Error, SE=2, p=0.042) and for non- 
drivers and experienced drivers (DM=8.17, SE=2.1, 
p<0.001). P-values were adjusted with the Bonferroni cor
rection for multiple comparisons (see Figure 3).

Risky Decision-Making
Means were calculated for RDM task scores for each 
participant across video clips, grouped by locality and 
driving experience. A mixed (2) x 3 ANOVA was per
formed on participants’ mean RDM ratings for driving 
manoeuvres across the two countries and three driving 
groups.

A main effect of locality was found [F(1166)=149.85, 
p<0.001, η2p=0.47], with participants showing greater 
willingness to accept risk in the UK clips (UK) (M=3.07, 
SD=0.78) compared to the clips from the Spanish driving 
context (M=2.38, SD=0.84).

The main effect of driving experience was also significant 
[F(2166)=11.31, p<0.001, η2p=0.11]. Greater willingness to 
accept risk is demonstrated for the novices (M=3, SD=0.84) 
and non-drivers (M=2.78, SD=0.84). Lower risk acceptance 
is shown by experienced drivers (M=2.38, SD=0.93).

The interaction between the two factors was also found 
to be significant [F(2166)=5.644, p<0.004, η2p=0.064]. As 
can be seen in Figure 4, while all drivers increase the level 
of risk they are willing to accept in the English clips, the 

non-drivers show the largest increase in willingness to 
accept risk.

The interaction could benefit from being statistically 
decomposed: significant differences were found between 
non-drivers (M=2.34) and novice drivers (M=2.78) in 
RDM scores obtained with the same country, Spanish clips 
t(117)= −2.88 p=0.0001 and between novice (M=2.78) and 
experienced drivers (M=2.03), in RDM scores with the same 
country, Spanish clips t(113)=4.102, p=0.001). The differ
ences only marginally approached significance between non- 
drivers (M=2.34) and experienced drivers (M=2.03) in RDM 
for the Spanish clips t(102)=1.98, p=0.056)

In addition, significant differences were found between 
non-drivers (M=3.25) and experienced drivers (2.73) in 
RDM scores obtained with different country, UK clips t 
(102)=3.181, p=0.011, and between novice (M=3.24) and 
experienced drivers (2.73) in RDM scores obtained with 
different country, UK clips t(113)=3.417, p=0.001.

Correlations Between the Hazard 
Prediction and Risky Decision-Making 
Scores
Pearson correlations between the raw scores of the two tests 
were calculated: the HPr scores (ie, the average percentage 
of correct answers) and the RDM scores (ie, response to the 
question: “What is the probability that you will go ahead 
with this behaviour?” (eg, going forward with the lights on 
amber, overtaking a bus or overtaking a bicycle (from 1-not 

Figure 2 Examples of risky decision-making trials.
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likely to 6-very likely) in the Spanish and English clips. 
Several of the two-tailed Pearson correlations were found to 
be significant and can be seen in Table 5:

A strong positive correlation was found between per
formance on the two prediction tests across the countries  
(r =0.504, p<0.01). A similar strength correlation was 
found between performance on the two risk tests (r = 
632, p<0.01). Perhaps more interestingly, a significant, 
negative correlation was found between risk taking and 
hazard prediction score for the two Spanish tests (r = 
−0.189, p<0.05). The negative correlation between the 
Spanish risk test and the UK hazard test was also signifi
cant and slightly stronger (r = −0.236, p<0.01).

Discussion
The current study explored whether HPr and RDM 
differ across driver groups with different levels of 
driving experience, and whether these scores vary 
with context locality comparing clips from the same 
country (clips from Spain) vs a foreign country (clips 
from UK).

Hazard Prediction Performance Improves 
with Experience
The hypotheses set out with regard to the HPr Test were 
confirmed. The effect of experience obtained by many 
other studies12,13,42–45 was replicated for the HPr tests, 
with experienced drivers once again being more precise 
in predicting hazards on the road, followed by novice 
drivers and lastly non-drivers.

The HPr test found the drivers with least experience per
formed significantly worse on this test than the other two 
groups. The difference between the novice group (of middling 
experience) and the more highly experienced group did not 
reach the threshold of significance, though the means tended 
towards the predicted direction. The reason for this may lie in 
the number of years’ experience held by this novice group. 
With up to 5 years’ driving experience following their driving 
test, several of these drivers may have developed sufficient 
hazard awareness to perform at the same level as our highly 
experienced group. An additional issue with using experience 
as a surrogate for crash risk is that these two factors do not 
perfectly align. There will always be some highly experienced 
drivers who are poor at hazard perception, and these drivers 
can impact on the ability of experience to produce an effect. 
Nonetheless, the experiential effects that are noted in the 
current study still demonstrate that the tests are tapping into 
a skill that develops over time.

Risk Taking Changes with Driving 
Experience
Risky behaviour has been linked to high collision rates, 
possibly due to poor awareness of the risk in certain danger
ous situations,29 and the overestimation by drivers of their 
abilities.47 The current results suggest that driving experience 
can have a moderating effect on such risky behaviour.

The new RDM Test (containing video recordings of real 
driving situations where the driver plays an “active” role in 
provoking the hazard) has been shown to be sufficiently 
sensitive to detect differences in the judgment of risk by 
participants according to their level of driving experience. 

Figure 3 Mean of percentage of correct answers obtained by each participant in the same hazard prediction test for the different locations studied: same country (Spanish 
clips) and different country (English clips) according to driving experience (non-drivers, novice and experienced drivers) (with standard error bars).
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The most experienced drivers were the least willing to 
engage in risky behaviour. Therefore, the hypothesis propos
ing that non-drivers and novice drivers accept a higher level 
of risk than experienced drivers was confirmed.

It was particularly interesting to note that our novices 
reported the greatest intention to behave in a risky manner, 
with the non-drivers group falling in between novices and 
experienced drivers. This result demonstrated the value of 
adding a non-drivers group to the study. The evidence 
suggests that gaining a few years of driving experience 
raises novice drivers’ willingness to engage in risky beha
viour. This has been found with specific skill-based driver 
training that can inadvertently lead to an increase in con
fidence that potentially outstrips the concomitant improve
ment in skill. There has in fact been considerable 
investigation of this issue, looking at young/novice dri
vers’ balancing of skills and task demands that has been 
defined as calibration: young/novice drivers overrate their 
driving skills and undervalue the risks of driving, and 
therefore fail to adapt their driving behaviour sufficiently 
to the actual driving scenarios “(eg, excessive speeding, 
gap acceptance problems or reckless overtaking)”.3,5 

Training should address this calibration issue and ensure 

that risk inoculation is included with training to help non- 
drivers to anticipate hazards (see, for instance, the “online 
hazard perception training course for drivers”). By up- 
skilling drivers while constantly reminding them of the 
risk and dangers of driving (in relation to their newly 
found skills), we might avoid the increase in risk that 
comes with untethered increases in confidence.46

The Influence of Context Familiarity on 
Test Performance
Both the hazard prediction test and the risky decision- 
making test were sensitive to the original source location 
of the clips. The prediction test revealed an effect of clip 
origin, with drivers performing worse on the UK clips. 
The analysis strongly suggests that the locality effect is 
driven primarily by the participant group with the least 
driving experience. The findings support previous research 
that has demonstrated that experiential effects can be pre
served across countries,37 especially when a hazard pre
diction format is used rather than a traditional speeded- 
response hazard perception test.38,39 The experiential dif
ferences were, however, dependent on the least experi
enced group performing poorly. The most experienced 

Figure 4 Risky decision-making scores for risky driving manoeuvres in same country (Spanish clips) and different country (English clips) according to driving experience 
(with standard error bars). Mean RDM test score per participant across the video clips’ locality. The figures refer to the answer to the question: “What is the probability that 
you will go ahead with this behaviour? (eg, going forward with the lights on amber, overtaking a bus, overtaking a bicycle.” Participants selected from numbers 1 to 6: (1-not 
likely to 6-very likely).
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group appears to perform identically on both the Spanish 
and UK hazard prediction tests, which suggests that they 
can extrapolate from their experience in the familiar con
text and apply this learning to a novel context. This has 
also been noted with highly experienced drivers who were 
tested on hazard prediction tests filmed in familiar and 
unfamiliar locations, though these locations were within 
the same country.47

While the two current contexts differ in more details 
than those in the study by Kroll et al51 these differences 
arguably relate more to surface details (scenery, road 
signs, right-hand vs left-hand driving, etc.). Even though 
these clips represent the driving conditions in two different 
countries, they share many of the underlying hazard struc
tures (eg, a bus indicating and entering your lane). With 
greater experience, it is likely that our drivers rely more on 
abstracted rules rather than stored instances of hazards or 
exemplars, and thus they may find it easier to transfer their 
learning to this superficially different context.

A stronger country-based effect was noted for risk 
ratings, with all drivers appearing more willing to take 
risks in the UK clips. This effect may have occurred for 
a number of reasons. First, it may be the case that our 
drivers implicitly or explicitly registered that the hazard 

clips filmed in the UK were less dangerous. If the partici
pants did identify such a difference in absolute danger, 
they may have been prepared to increase their willingness 
to engage in risky behaviour following the theory of risk 
allostasis.52 Certainly, the collision rates between Spain 
and the UK suggest that the latter provides the safer 
driving context, though a previous comparison of per
ceived hazardousness in Spanish and English clips found 
that Spanish drivers thought them to be similar in their 
levels of danger.38

A second possible explanation may lie in the arguably 
superficial differences between the clips from Spain and 
the UK. Although these differences did not appear suffi
cient to impact on our experienced drivers’ prediction 
scores (if we assume that the significant main effect of 
clip familiarity is primarily driven by the non-drivers 
group as suggested in the marginal interaction), they may 
have been sufficient to interfere with the appraisal of the 
risk presented by the imminent hazard. The question 
“What happens next?” merely probes their understanding 
of projected events. It does not, however, ask drivers how 
dangerous they consider this hazard to be (indeed, that is 
one of the claimed advantages of the prediction test 
format45). It is plausible that the additional mental 

Table 5 Pearson Correlations Between the Hazard Prediction (% Mean Accuracy of Correct Answers) and the Risky Decision-Making 
Scores (Probability of Going Ahead with Reckless Overtaking or Running Amber Lights) in the Spanish (Same Country) and English 
(Different Country) Clips

Hazard Prediction  
(HPr)  

(% Mean Accuracy  
of Correct Answers)

Risky Decision-Making  
(RDM)  

Probability of Going Ahead   

(1-Not Likely to 6-Very L ikely)

Clip’s  
Locality  
(Country)

Spanish   

(Same)

English  
(Different)

Spanish   

(Same)

English  
(Different)

Hazard Prediction  
(HPr)

Spanish  
(Same)

1

English  
(Different)

0.504** 1

Risky Decision-Making  
(RDM)

Spanish  
(Same)

−0.189* −236** 1

English  
(Different)

0.071 −0.123 0.632** 1

Note: *p<0.05. ** p<0.01.
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workload that is incurred when interpreting a traffic scene 
filmed in a country with different road rules may disrupt 
the appraisal of danger, if not the prediction of the actual 
event.49 If appraisal is negatively affected, then drivers 
may be more willing to accept higher levels of risky 
behaviour in that situation.50,51 However, experienced dri
vers perform equally well across clips from both countries, 
although they also increase their risk ratings with UK 
stimuli. Driving experience may produce attention 
resource savings enabling them to handle new or unex
pected traffic hazards.47

Alternatively, the roads depicted in the UK clips may 
have seemed so far removed from our participants’ driving 
experience that they did not prime safety-related concerns. 
Whereas clips of one’s own country are directly relatable 
to memories of prior risk-taking (and any associated con
sequences), the UK clips will have no such link to mem
ories. This may result in an increased willingness to 
engage in risky behaviour.

Regardless of the underlying reasons for this familiar
ity effect, it poses a potential risk for driving overseas, eg, 
in the case of English tourists driving in Spain. Travelling 
cross-country UK to Spain happens on a regular basis. In 
order to decrease the risk and improve safe driving for 
both countries or for Europe in general, car rental agencies 
could consider the possibility of including advice and even 
providing online training options for overseas drivers, 
especially for drivers with little or no driving experience 
and whose ignorance of driving habits may compound 
their greater bravado and predisposition to risk.

The Relationship Between Risky 
Decisions and Hazard Prediction
In this study, negative correlations between participants’ 
risk ratings on the Spanish clips and their performance on 
both hazard prediction tests reach significance: those dri
vers with better hazard prediction scores are less likely to 
report risky decisions.

Although other authors have argued that the relationship 
between risk and hazard perception is weak,11 a recent study 
has found the possibility of a stronger link.56 Drivers were 
trained in hazard perception and their sample was found to be 
less willing to engage in distracting in-car tasks, such as 
using a mobile phone, in a post-training simulator drive. 
While iterations of the tests and a more heterogeneous sam
ple (eg, including traffic offenders) might increase the 

strength of the current correlations, these significant results 
argue for a relationship between hazard prediction skill and 
risky behaviour ratings. As drivers’ hazard skills improve, 
they are better able to read the danger in the road, and are 
therefore less willing to engage in risky behaviours.

This effect does not hold however for the risk ratings 
produced by the UK risky decision-making test (although 
there is a strong correlation between the risk ratings given 
to the Spanish and UK RDM tests). This may be partly due 
to an inability to read the UK roads as well as the Spanish 
roads (at least for our non-drivers), but for our experienced 
drivers this is likely more to do with a disconnect between 
predicting a hazard and appraising that prediction for the 
danger it presents. Yet again we suggest that the increased 
cognitive load of interpreting a non-familiar driving scene 
may have more of an impact on anticipating the level of 
imminent danger than just anticipating the hazard per se.

Conclusion
Improvement in hazard perception and prediction skills among 
novice or new drivers is important and poses a huge challenge 
as far as driver training is concerned, though it is only part of 
the solution. Drivers’ willingness to engage in risky behaviour 
also needs to be tackled. Our results suggest that such risky 
decision-making can be assessed in a similar way to HPr skill, 
which raises the possibility of assessing and training drivers on 
a wider range of safety-related behaviours. Together, tests 
could also be a useful way to train young, offender and elderly 
drivers.53 They could be a tool to ascertain not only the 
Situation Awareness processes (Perception, Comprehension 
and Projection) but also Decision Making. It could however 
be considered inappropriate to use tests of risky driving beha
viour in licensing situations because they are much more prone 
to elicit faked responses than are tests of HPr.8 This is part of 
the rationale for arguing that the HPr test should not reflect 
risk-taking propensity. But, it could be posited that the RDM 
test might be useful to provide a bigger picture of the driving 
processes underlying safe and unsafe driver behaviour. Our 
effort was directed to creating RDM assessment that could 
avoid or, at least, minimise faked responses.

Future Research
Future research will aim to explain the between-person varia
tion in risk behaviour, looking at demographic variables such 
as age, gender or cultural background. Future studies should 
assess participants with a wider age range, and from both 
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countries, to find out whether the same effects of locality 
(same or different country) occurs with Spanish vs UK footage 
(ie, whether UK participants will also make riskier decisions 
and predict fewer hazards when looking at the Spanish 
footage).

In addition, HPr and RDM processes must be studied 
while participants are carrying out other tasks concurrently 
with driving. Driving is a complex task in which many sub- 
tasks are performed, either simultaneously or consecutively. 
Trained drivers could probably succeed in conducting several 
sub-tasks if they were asked to do them independently but 
might fail if required to do them simultaneously. The execu
tion of sub-tasks in driving requires coordination, just as in 
synchronised swimming the music connects with the move
ments, the “timing” being crucial for a successful perfor
mance. The here and now, the who and when of each 
movement are crucial. Therefore, one might predict, for 
example, that HPr would be adversely affected with the 
increase in demands imposed by other simultaneous tasks.

Efforts should be made in the validation and adaptation of 
the new HPr and RDM tests to different countries, taking into 
account the traffic norms and regulations, road infrastructure, 
driving habits and attitudes that are different in each country 
(International Test Commission, ITC, 2017).54  Future stu
dies should include a larger number of videos in order to 
allow the calculation of psychometric properties and internal 
consistency of the tests, as good psychometric reliability is 
desirable. Alpha values are sensitive to the number of items 
contained in each scale and the variety of answers per item; 
therefore, a sample with a small number of items may shrink 
it. An exploratory factor analysis of the HPr and RDM cross- 
cultural tests could also be considered.55

One of the limitations of this type of study might be its 
environmental validity. Some might argue that HPr and 
RDM tests using clips or a simulator differ too much from 
reality, as the consequences of not detecting a hazard are far 
more serious in real driving. In the next investigations, 
Virtual Reality (VR) could be used as a possible solution in 
order to achieve realism and context without suffering the 
grave consequences of errors in real driving. These environ
mentally valid contexts might produce recordable and mea
surable driving responses from the participants that would be 
difficult to obtain by traditional means. In these contexts of 
immersive simulation, people react physically and emotion
ally as if the virtual world surrounding them existed physi
cally. Via VR, participants’ HPr skill and their RDM could be 
evaluated in a situation where they may react more similarly 
to the way they would in a real situation. See, for instance, 

this recent work using the 360º field-of-view recordings 
provided by Head Mounted Display (HMD) technology.59

Investigation must continue into the most effective means 
of training in HPr as well as evaluation through longitudinal 
studies of its long-term efficacy. These studies will hopefully 
continue to demonstrate negative correlations with collision 
rates, since it should be possible to extrapolate from antici
pating hazards in these tests to real driving, leading to a 
reduction in collisions.2,23 Scores in a HPr Test are associated 
not only with the experience of the driver but also with the 
data of self-reported accident rates.21 Future investigations 
will need to continue creating and validating tests adapted to 
each driving context in order to evaluate the differential 
underlying processes involved in HPr and RDM.

Highlights
● Riskier decisions and fewer hazards predicted in 

novices and non-drivers.
● Risky decision-making can be assessed, using clips 

where the driver plays an “active” role in provoking 
the hazard.

● Participants show poorer performance in hazard predic
tion and riskier decisions in driving scenarios from 
another country (UK) than in their home country (Spain).

Author Note
The clips and materials are available to genuine research
ers on request. All legitimate researchers can contact us for 
access to the stimuli for use in specific research projects. 
The clips should not be shared by third party users or used 
for commercial gain (Creative Commons Attribution- 
NonCommercial-NoDerivatives 4.0 International Public 
License).
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