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This study assessed the degree to which hazardous vignettes are perceived as dangerous
and realistic by car drivers and motorcycle riders (Exp. 1) and whether riders could be dis-
tinguished from drivers on their performance in a commercial motorcycle simulator during
safe and hazardous riding situations using the same hazards (Exp. 2). In Experiment 1, car
drivers and motorcyclists received a questionnaire which consisted of short descriptions of
the scenarios used in the simulator. Half of the car drivers and half of the motorcyclists
were told to imagine they were driving a car through the scenario. The other halves were
told to imagine they were riding a motorcycle. Respondents with the mindset of a motor-
cyclist rated the scenarios as more realistic than respondents with a car driver’s mindset.
Real-life riders however reported the scenarios as more dangerous than real-life drivers,
suggesting that their specific motorcycle experience influenced their criterion for danger.
In Experiment 2, naïve participants navigated a simulated route with the same hazards.
Performance was coded on objective (e.g., crashes) and subjective (e.g., riding safety and
skill) criteria. Experiential differences on some of the measures (and the absence of such
differences on other measures) suggest that the simulator is useful for distinguishing riders
from drivers during safe periods of riding but not necessarily during hazardous periods of
riding. The implications of why hazard vignettes discriminate but the same simulated haz-
ards do not are discussed, with emphasis on the crucial elements required to design a suc-
cessful simulated hazard.

� 2010 Elsevier Ltd. All rights reserved.
1. Introduction

According to the statistics of the UK Department for Transport motorcyclists make up only 3.7% of licensed vehicles on UK
roads (DfT, 2009a). Despite this low frequency of appearance, or perhaps because of this (i.e., the low frequency of appear-
ance may reduce expectations to see motorcycles resulting in failures to detect them in critical moments), riders made up
19.4% of the UK road fatalities (DfT, 2009b). Concerns over motorcycle injuries have led to many analyses of accident cau-
sation (Clarke, Ward, Bartle, & Truman, 2007; Hurt, Ouellet, & Thom, 1981; Lynam, Broughton, Minton, & Tunbridge, 2001;
Mannering & Grodsky, 1995), and it is generally acknowledged that risk-taking and exaggerated self-confidence in ones’ abil-
ities contribute to this accident rate, especially amongst young male riders (e.g., Lin & Kraus, 2009). Highly experienced rid-
ers also tend to rate their on-road abilities positively especially when compared to car drivers (Crundall, Bibby, Clarke, Ward,
& Bartle, 2008). Either these older riders are still subject to the same self-enhancement bias that may plague younger riders
(and for that matter, many car drivers; e.g., Svenson (1981)) or it may indeed be the case that their skills are actually better
than the average car driver (cf. Groeger & Grande, 1996).

One finding that might explain the discrepancy between high accident rates of motorcyclists and their generally high self-
confidence in their own skills was reported by Clarke et al. (2007). Their in-depth study of motorcycle accidents in the UK
. All rights reserved.
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suggests that two of the three most prevalent types of collision are actually caused by the actions of other road users. For
instance, the most common motorcycle accident occurs when a car or other vehicle pulls out of a side road onto a main car-
riageway without giving way to an approaching motorcycle. These accidents are often categorised as Looked But Failed To
See errors (LBFTS), where a driver claims that they looked in the appropriate direction for conflicting traffic, but did not see
the approaching motorcycle. Though the attribution of such collisions to LBFTS errors, instead of simply failing to look or
misjudging the risk, has been questioned (Brown, 2002; Crundall et al., 2008), it appears that objective levels of rider skill
could be underestimated if one merely looks at the accident statistics. In other words, while one may assume that motor-
cyclists’ high fatality risk (as indicated by accident statistics) reflects deficits in rider skills, this may not be the case when
the fact that most of those fatalities are due to the fault of another road user is taken into account.

Two of the few studies to compare motorcyclists’ skills to those of car drivers, have shown that motorcyclists respond
faster to hazards than car drivers (Horswill & Helman, 2003; Hosking, Liu, & Bayly, 2010). The Hosking et al. (2010) study
asked three groups, experienced motorcycle riders who were experienced drivers, inexperienced riders who were experi-
enced drivers, and inexperienced riders who were inexperienced drivers, to search for hazards in a simulated scenario. Re-
sponse times to hazards were negatively correlated with experience (with inexperience drivers/experienced drivers as the
middle experiential group). In addition, compared to the inexperienced drivers, the two experienced drivers groups exhib-
ited a greater reduction in the absolute deviation of gaze rotations from the centre of the visual field in the horizontal plane
in the presence of hazards (following Chapman and Underwood (1998), this was interpreted as more flexible visual scanning
patterns of the experienced groups). Interestingly in the Horswill and Helman (2003) study the effect on response times was
only found when motorcyclists were asked to view the video clips as if they were driving a car. When a separate group of
motorcyclists approached the hazard perception task with the suggestion to view the clips as if they were riding a motor-
cycle, no advantage was noted. The authors suggested that this was because all the clips had been filmed from a moving car
rather than a motorcycle, thus some of the hazards might not actually be considered hazardous to someone on a motorcycle
who may have more options in regard to managing the developing situation.

The above results raise two interesting possibilities. First, it appears possible that motorcyclists may have improved haz-
ard perception abilities than those of car drivers. As hazard perception has been demonstrably linked to ones’ likelihood of
having a crash (cf. Horswill & McKenna, 2004), this is an important acknowledgement, supported not only by the Hosking
et al. (2010) and Horswill and Helman (2003) studies, but by yet another recent motorcycle related study (Liu, Hosking, &
Lenné, 2009). In the Liu et al. (2009) study, experienced motorcycle riders have also been found to have improved hazard
perception and avoidance skills compared to novice motorcyclists, when riding through various simulated routes containing
pre-specified hazards. Liu et al. found experienced riders to have fewer crashes and adopt more appropriate speeds on a mo-
torcycle training simulator designed by a major international motorcycle manufacturer.

The second point of interest is that road users may interrogate the visual scene differently according to the perspective or
mindset that they adopt. Thus in the Horswill and Helman (2003) study it appeared that the riders adopted different criteria
for what constitutes a hazard depending on whether they believed they were riding a motorcycle or driving a car.

One important ramification of these hypotheses is that if some motorcyclists are better at hazard perception, then, fol-
lowing the rationale of the car driving literature on hazard perception, it might be possible to diagnose and improve poor
hazard perception skills in novice motorcyclists.

The current study was undertaken to extend our understanding of the influences of motorcycle experience upon hazard
perception skills by comparing the hazard assessment and perception skills of motorcyclists compared to non-motorcycling
car drivers in both a hazard vignette study and a subsequent simulator study (which used simulated versions of the vign-
ettes). The vignette study also allowed us to address the possibility that either a motorcyclist or car driver mindset could
influence the level of danger perceived in the hazards.

Regarding the vignette study it is difficult to predict whether motorcyclists should rate the hazards as more or less dan-
gerous compared to car drivers. While the results of Horswill and Helman (2003) suggest that specific experience should
make one faster at reporting hazards, other studies have found that experience with certain hazardous driving situations,
such as police pursuit driving, may not be apparent in self-ratings of danger (e.g., Crundall, Chapman, Phelps, & Underwood,
2003), and there have been other failures as well to demonstrate a correlation between rating of the riskiness of scenes from
hazard perception tests and hazard perception response latencies (Farrand & McKenna, 2001; Wallis & Horswill, 2007). It
was predicted however that we would find differences in the performance on the simulator (i.e., in Section 3) between
the riders and car drivers, especially given the results of Liu et al. (2009) who used an identical simulator and the same
software.
2. Experiment 1

Experiment 1 assessed the degree to which some of the hazards used in a motorcycle simulator, known as the Honda Rid-
ing Simulator, are perceived as dangerous and the degree to which they are perceived as realistic. A questionnaire was com-
posed, with short vignettes describing the hazards used in one of the assessment rides available in the simulator, and with
two Likert-type scales, one for realism and one for danger. A 2 � 2 design was employed, with two groups of participants
(either car drivers or motorcyclists) crossed by two levels of mindset (either of a car driver or of a motorcyclist). Half of
the participants had a motorcycle license in addition to a driving license, and half had only a car driving license. Half of



A. Shahar et al. / Transportation Research Part F 13 (2010) 243–254 245
the respondents in each of these groups were asked to assume, for all of the scenarios, that they were driving a car, and half
of the respondents were asked to assume that they were riding a motorcycle. Although the assessment of the degree to
which the hazards are perceived realistic and dangerous would have probably been more accurate if participants watched
the simulation and the hazards rather than read the vignettes, we believe that via the questionnaire we could manipulate the
mindset of the participants (either drivers or riders), better than what could have been achieved if participants watched the
simulation (which was obviously from the perspective of a motorcycle). Thus, four different conditions were created: motor-
cyclists who assumed they were riding a motorcycle, motorcyclists who assumed they were driving a car, non-motorcyclist
car drivers who assumed they were riding a motorcycle and non-motorcyclist car drivers who assumed they were driving a
car.

2.1. Method

2.1.1. Respondents
One hundred male respondents took part in the experiment, 50 motorcyclists (who were also car drivers; mean age =

40.56; SD = 12.37; range = 18–62) and 50 car drivers with no experience of motorcycles (mean age = 32.98; SD = 13.46;
range = 18–54). The motorcyclists had an average of 19.8 years of car driving experience (SD = 12.5), and an average of
17.3 (SD = 13.4) years of motorcycle riding experience. The car drivers had an average of 13.46 years of car driving experience
(SD = 9.94) and no motorcycle riding experience. All respondents were native English speakers.

2.1.2. Questionnaire and data collection
The questionnaire consisted of 10 vignettes on separate pages within a booklet. Each vignette described one of the haz-

ards taken from one of the assessment rides available in the simulator (which involves a route through a central business
district with high traffic density; for more details on the route options, see Liu et al. (2009)). The vignettes are presented
in Table 1. Although there are eight hazards in this assessment ride according to the manufacturers, a pilot study on the sim-
ulator revealed that two additional events on this particular route were of considerable danger to be perceived as distinct
hazards (items Bicycle enters the road 1 and 2 in Table 1).

Two seven point Likert-type scales assessed the participants’ beliefs that the vignettes were realistic (i.e., likely to occur
on the road) and dangerous. The scales ranged from very unrealistic to very realistic and from not dangerous to very dan-
gerous. The realism scale always preceded the danger scale. The vignettes were randomly ordered in the booklet for each
participant. The first page was always the same, including demographic questions and the instructions. These instructions
indicated that the questionnaire consists of short descriptions of possible on-road scenarios. Two sets of instructions were
created, with the only difference between them being that one set required the respondents to assume for all of the scenarios
that they were driving a car (the ‘car driver mindset’) whereas the other half were asked to assume that they were driving a
Table 1
Descriptions of the hazard used in the assessment ride.

Hazard Vignette

Unseen motorcycle You are travelling in the right hand lane of a dual carriageway, towards a traffic light controlled junction with the intention to
turn right. The lights are green. An oncoming lorry stops in the junction as if to turn right as well. The lorry obscures an
approaching motorcycle that is travelling straight across the junction

4 � 4 Pulls out You are travelling in the right hand lane of a dual carriageway. A lorry is parked in the left hand lane of the dual carriageway.
Ahead of the lorry, a 4 � 4 is also parked in the left lane. As you approach, the 4 � 4 signals and moves into your lane in front of
you with little warning

Bicycle enters the
road 1

You are about to turn right at a T-junction. The road you are about to enter has an immediate pedestrian crossing. As soon as
you turn, a cyclist enters the pedestrian crossing from the pavement

Car reverses You complete a right turn into another road. Immediately after the turn, there’s a petrol station on the left hand side of the
road. A lorry suddenly reverses out of a parking area in the station, into the road right in front of you. You must brake
immediately to avoid collision

Turning oncoming
car

You are approaching a crossroads. The lorry in front signals to turn right and stops in the junction to wait for a gap in oncoming
traffic. You could pass the lorry at the left to carry straight over the junction, but there is an oncoming taxi which stops in the
junction as if to turn right as well. It starts moving as soon as you enter the junction.

Hidden pedestrian You are travelling along a street. On the oncoming lane there are a number of vehicles parked on the side, blocking the view of
a pedestrian standing on the pavement, next to a pedestrian crossing. As soon as you reach the crossing, the hidden pedestrian
crosses the road and suddenly appears right in front of you

Turning vehicle
stops

You are about to turn right into a road, following the car in front. Immediately after the turn, a bicycle enters the road forcing
the car ahead to brake suddenly. You must also brake immediately to avoid colliding into the car.

Bicycle enters the
road 2

You are travelling down a single carriageway road with an oncoming vehicle in the opposite lane. A bicycle, partially hidden by
an oncoming car emerges into the road, in front of you

Vehicle enters road You are travelling on a narrow road. To the left hand side of the road, in front of you, there is a parked lorry. In front of it, there
is a 4 � 4 vehicle in a side street, partially hidden from view by the lorry. The 4 � 4 pulls out of the side road heading in your
direction

Bicycle enters the
road 3

You are about to turn left at a T-junction into a main road. As soon as you turn, a bicycle approaches towards you from the left
hand side riding straight into you
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motorcycle (the ‘motorcycle mindset’). The instructions further asked participants to make two judgments for each scenario,
corresponding to the two types of questions: (a) to what extent the respondent found the scenario realistic (likely to really
occur) and (b) to what extent the respondent found the scenario dangerous. Prior to data collection the questionnaire was
piloted (five participants) to make sure the descriptions of the scenarios were understandable and the layout design of the
questionnaire was satisfactory. Half of the respondents in each of the two driver type groups were given a questionnaire with
instructions designed to induce the motorcycle mindset and half of the respondents were given a questionnaire designed to
induce the car driver mindset.

2.2. Results and discussion

Overall, respondents judged the scenarios as both relatively realistic (mean = 5.43 on the 1–7 scale; SD = .08) and rela-
tively dangerous (mean = 5.49 on the 1–7 scale; SD = .09).

Fig. 1 displays mean realism and danger scores for the four sub-groups created by the license �mindset design. The cor-
relation between the rating scores on the two scales was significant (r = .39; p < .001), but not so great to suggest singularity.

Two separate 2 � 2 (license �mindset) ANCOVAs were performed, one on mean realism scores and one on mean danger
scores. Due to the age and car driving experience differences between the Motorcyclists and Drivers, age was used as a covar-
iate (the correlation between age and car driving experience was .92).

In the analysis of realism scores the main effect of mindset was significant (F(1, 99) = 4.15, p < .05). Respondents who as-
sumed they were riding a motorcycle (regardless of whether they actually had motorcycle experience) rated the scenarios as
more realistic than respondents who assumed they were driving a car, whereas the tendency for actual motorcyclists to rate
the vignettes as more real compared to actual car drivers failed to reach significance [p = 0.1].

The analysis of danger scores yielded only a significant main effect for the two groups (F(1, 99) = 6.43, p = .01). Motorcy-
clists rated the scenarios as more dangerous than car drivers. Neither the main effect of mindset, nor the interaction ap-
proached significance levels [ps > .10]. Before however any further interpretations of these results are made a comment is
in place about the effect sizes (see means in Fig. 1): While one may consider the group differences small and question their
value in the real world, it has been argued that in the context of hazard perception when one considers the scale of the prob-
A

B

Fig. 1. Mean realism (A) and danger (B) scores for the four sub-groups created by the license �mindset design. Error bars represent standard error of
means.
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lem, even small significant effects can have important ramifications (Horswill & McKenna, 2004). Despite the significant cor-
relation between realism and danger scores, it appears that ratings of realism are susceptible to the adopted mindset, yet are
not significantly influenced by participants’ actual experience, while danger ratings give the opposite pattern of effects, with
specific motorcycle experience increasing the apparent danger, though mindset has no effect.

The effects of realism raise the possibility that the hazards might be indeed more likely to occur to a motorcyclist than a
car driver, and that the car drivers understand and can empathise with this (though there is evidence to suggest that many
car drivers do not empathise with the demands placed on the average motorcyclist; Crundall et al. (2008)). Alternatively, the
car drivers shift their response bias towards the more realistic end of the scale on the basis that it is not realistic to them (as
car drivers) with the corresponding assumption that it must therefore be more realistic to a motorcyclist. In the condition
where car drivers pretend to be motorcyclists this may push realism scores up.

The finding that motorcyclists report greater danger, regardless of whether they should consider themselves to be driving
or riding through the described hazards, suggests that their specific motorcycle experience influences their criterion for dan-
ger. This may reflect the greater dangers and higher costs that motorcyclists (as compared to car drivers) face in every day
driving. As motorcyclists are much more vulnerable to personal injuries than car drivers, the same hazardous traffic situa-
tions may pose a greater threat to riders than drivers. Alternatively, riders may have a better appreciation for the handling
and manoeuvrability of a motorcycle than the car drivers, and therefore class the hazards as more dangerous. For instance, a
typical response to hazards is to make an emergency stop, or to brake sharply. A motorcyclist is much more likely than a car
driver to lose balance and control over the vehicle and to tip over when braking sharply. This difference would be especially
pronounced in the relatively low speeds which a vehicle normally travels in a city environment (which was the case with all
vignettes in this study). While the fact that motorcyclists are more vulnerable to injuries is known to all drivers, it is not
unlikely that the rider group was still more aware of this than the driver group.

Interestingly however whatever specific motorcycle experience leads to increased danger ratings in motorcyclists, this
effect generalises to those scenarios where they adopted the car driver mindset. While Horswill and Helman (2003) found
that motorcyclists only displayed better hazard perception skill than car drivers when they adopted a car driver’s mindset,
the current results suggest that motorcyclists view hazards differently to car drivers (in terms of danger) regardless of mind-
set. Besides reflecting the very different methods and measures used by the two experiments, these differences are actually
not inconsistent with the previous failures to demonstrate a correlation between rating of the riskiness of scenes from haz-
ard perception tests and hazard perception response latencies (Farrand & McKenna, 2001; Wallis & Horswill, 2007).

Finally, one methodological comment relates to the fact that in this study the motorcyclists had both car and motorcycle
experience whereas the car drivers did not have any motorcycle experience. This has two important implications. In Exper-
iment 1 it naturally reflects on the abilities of the two groups to adopt a mindset of a motorcyclist or car driver, providing a
clear advantage to the motorcyclists. This difference however, particularly as it clearly reflects a difference which exists be-
tween the two groups in the real world (i.e., the majority of motorcyclists are car drivers) is considered to be an inherent
characteristic of the variable measured rather than a confound. From a theoretical standpoint however it makes it difficult
to conclude that any group differences are due to motorcycle experience per se, rather than the combination of motorcycle
and car driving experience. It is difficult to tease these two measures apart statistically as they will always be highly
correlated.

Overall the results of Experiment 1 suggest that the chosen vignettes sound plausible to the participants, especially if they
take on a motorcyclist’s perspective. In spite of the failure of a correlation between riskiness ratings hazard perception scenes
and hazard perception response latencies to materialize, it is not unlikely that the fact that the motorcyclists associated more
danger with the vignettes suggests that if they were to come across such a hazard in real life, they would be more physio-
logically aroused than car drivers, which would hopefully lead to increased responsiveness to hazards in some riders, but
perhaps less responsiveness in novice riders who might be overwhelmed by the level of arousal without a dominant re-
sponse tendency through which to channel it. Specifically, the inverted-U hypothesis between arousal and motor perfor-
mance (Duffy, 1941; Singer, 1982; cf. Neiss, 1988) predicts a curvilinear relationship where increases in arousal lead to
improvements in motor performance, while further (excessive) arousal lead to decrements in performance. Performance def-
icits due to high levels of arousal, anxiety and cognitive overload would also be consistent with the literature regarding the
adverse effects of anxiety on performance effectiveness (e.g., Eysenck, 1996; Eysenck & Calvo, 1992; Sarason, 1988), as well
as in the context of driving (e.g., Shahar, 2009; Taylor, Deane, & Podd, 2007; Wilson, Smith, Chattington, Ford, & Marple-Hor-
vat, 2006). In the context of driving there are also more specific examples, for non-linear relationships between anxiety and
driving performance (Oltedal & Rundmo, 2006; Shahar, 2009).

On this basis one might assume that motorcyclists (at least highly experienced motorcyclists) should behave more appro-
priately on approach to these hazards compared to riders with little or no experience, resulting in fewer crashes. Experiment
2 specifically examined different riding behaviours of car drivers and motorcyclists on the simulated hazards assessed in
Experiment 1.
3. Experiment 2

In Experiment 2, the simulated hazards were the same as those used in the vignette study (though none of the partici-
pants had taken part in Exp. 1) and were displayed on the Honda Riding Simulator. Only experienced motorcyclists were
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compared to car drivers in order to ensure the maximum possibility that there would be a difference between riders and
drivers in their behaviour during a simulated route through an urban environment containing the hazards evaluated in
Experiment 1. Experiment 2 was aimed to assess this motorcycle simulator as a tool for research and of motorcycle riding.
Observer ratings, and a series of specific criteria generated in order to assess participants’ performance on a motorbike sim-
ulator were used. Specifically, Experiment 2 compared the riding performance of two groups on the simulator, motorcyclists
(with both extensive car driving and motorcycle riding experience), and car drivers (with similar levels of car driving expe-
rience to the motorcyclists, but no motorcycle experience). All of the participants completed an assessment ride in a prede-
termined route that included the 10 different hazards assessed through vignettes in Experiment 1. Participants’ performance
was videoed and later coded on objective and subjective criteria by an independent judge, blind in respect to participants’
previous motorcycle experience. The measures of Experiment 2 were loosely based on some of the items from the Driver Skill
Inventory (Lajunen & Summala, 1995), albeit adopted for the motorbike simulator task, as well as borrowing from West,
French, Kemp, & Elander (1993) study on direct observations of driving behaviour using five-point rating scales of driver skill,
safety, attentiveness and carefulness amongst others. West et al. found that only ratings of driver skill and safety were
deemed as both reliable and returning high levels of correspondence with self-reported deviance on the road. Finally, the
design of the behavioural measures was also influenced by behavioural measures raised in Horswill and Helman’s (2003)
analysis of factors influencing crash risk among motorcyclists and car drivers.

We expected that motorcyclists would perform better than drivers on all measures. This would suggest that the increased
danger measures noted in Experiment 1 may be linked to actual performance in avoiding the hazards. To some extent this
was also intended to support the validity of the simulator as a tool for research and training purposes.

3.1. Method

3.1.1. Participants
Twenty-six male participants took part in the experiment, 13 motorcyclists (mean age = 47.23; SD = 8.38) and 13 drivers

(mean age = 45.07; SD = 9.89). The motorcyclists had an average of 29 years driving experience since passing the car driving
test, and an average of 28 years driving experience since passing the motorcycle driving test. The drivers had an average of
22 years driving experience since passing the driving test, and no motorcycle riding experience. Although not all of the
motorcyclists had ridden motorcycles consistently since receiving their license, all of them reported having more than
10 years of experience of riding a motorcycle. All participants reported normal or corrected-to-normal vision.

3.1.2. Design
Two groups of participants (motorcyclists and car drivers) were compared on their video taped performance on the sim-

ulated route in regard to their general riding ability during safe sections of the route, and their ability to avoid hazards in the
dangerous parts of the route. The participants’ rides were coded on separate objective and subjective criteria by an indepen-
dent judge who was unaware of group membership of the participants. This judge is a driving researcher who also has had
approximately 9 years of active motorcycle riding experience prior to this study. Objective measures included the number of
times the participant crashed during the ride, the number of times they stalled the motorbike simulator, and the length of
time it took for them to complete the course (excluding the time taken for the simulator to reset the motorbike after a crash).
Participants were also rated on subjective measures, including the number of near-crashes they were involved in, and how
skilful and how safe a rider they were.

For skill, participants were given a rating out of two on their overall riding skill (0 = poor, 1 = average, 2 = good) on a series
of five measures, resulting in a maximum skill score of 10. The five skill measures were manoeuvring the motorbike, reaction
to hazards, confident riding (unhesitant), no long pauses, and overall riding competence. For safety, once again participants
were given a rating out of two (0 = poor, 1 = average, 2 = good) for a series of five safety measures, making a maximum safety
score of 10. The five safety measures were lane positioning, appropriate speed, overtaking, general attitude/caution, and gen-
eral ability to detect and avoid hazards. Both skill and safety scores were coded only on the basis of riding behaviour outside
of the hazardous portions of the route. Details on the criteria and coding system for subjective ratings of driving skill and
safety are given in Table 2.

Finally, it should be noted that the simulator data in Experiment 2 was taken from a broader study in which the two
groups of participants were compared on other measures as well. Counterbalancing assures that any effect that the other
tasks might have had was minimised and that any effect should have been the two groups both drivers and motorcyclists
equally.

3.1.3. Apparatus and stimuli
Participants were tested on the Honda Riding Simulator (also used and detailed in Liu et al. (2009)), which provides a rel-

atively realistic experience of some of the aspects of riding a motorcycle, including hand and feet coordination during gear
selection and braking. The simulator includes a motorcycle handlebar and controls (ignition, signalling, and horn), and pedal
controls for clutch operation and braking. However, it does not allow the bike to lean to the sides and it therefore lacks bal-
ance requirements, as well as other qualities of real riding, such as counter steering (i.e., steer right to turn left and vice ver-
sa). For all of the participants the simulator was used in its manual mode, and on a medium sized simulated motorcycle. The
simulated scene was played through a Sony VPL-EX4 projector (1024 � 768 pixel resolution) onto a white wall. Three virtual



Table 2
Coding system for subjective ratings of driving skill and safety.

Factor Rating score

Good (2) Average (1) Poor (0)

Skill
Overall riding

competence
Very able, good control of motorbike at all times,
smooth gear changes

Mostly competent riding, some clumsiness, occasional
lapse of control

Poor handling, poor gear changes, poor control

Manoeuvring
the bike

Smooth cornering, good handling when negotiating
traffic and hazards, smooth braking

Occasional wobbles on corners, less control when
avoiding hazards/traffic, heavier braking

Poor ability to steer bike, veering to opposite side of road, lack of control
when negotiating hazards/traffic (e.g., braking hard, swerving
dramatically)

Reactions Fast, smooth response to hazards, traffic, traffic
management

Slower to reaction to hazards, traffic, traffic
management, requiring hasty response

Lack of reaction to imminent hazards, traffic conflicts, traffic
management (e.g., lights), and clumsy, late responses.

Confident riding Confident attitude, no recklessness, in control at all
times

Occasionally lack of confidence, some hesitations,
some clumsiness

Low confidence, many hesitations, nervous behaviour

(No) long pauses No long pauses, always responsive Occasional pauses in demanding situations Many long pauses, even in low demand situations

Safety
Lane positioning Always riding in centre of lane on straights and

bends with little weaving
Mostly riding in centre of lane on straights and bends
with some weaving

Riding near centre line, cutting corners, weaving within lane

Appropriate
speed

Speed not too fast or too slow when no hazard,
steady speed choice, reducing speed with hazard

Faster/slower speeds throughout, varying somewhat,
but still slowing for hazards

Very low or high speeds generally, quite varied speed choice, not
reduced for hazards

No overtaking Never overtaking or undertaking Largely not overtaking, but occasionally pulling up
alongside other vehicles but staying in same lane

Overtaking or undertaking at any point

General caution Cautious, taking care to navigate safely around
course

Cautious in part, but occasionally not paying attention Little attention to hazards, highway code, or safety. Likewise, rated poor
if ridiculously over-cautious

Ability to detect/
avoid
hazards

Advanced anticipation of all/most potential and
actual hazards

Anticipation of some hazards, generally as they are
already developing

Little anticipation of hazards, potential or actual
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routes were chosen: two for practice rides and one for assessment. One practice route was a straight road with no traffic.
Another one was a predetermined route in a city environment without traffic. Together, the two practice rides lasted approx-
imately 5 min. The assessment route was in a city environment with traffic and with 10 hazards (e.g., a parked car reverses
from a driveway into the road in front of the rider; detailed descriptions of the hazards are given in vignette form in Table 1).
This ride lasted approximately 8 min. A Sony digital video camera was used to record the participants’ performance on the
assessment route.

3.1.4. Procedure
Participants were seated in front of the simulator, approximately 3.5 m from a white wall on which the image was pro-

jected (with images subtending a visual angle of approximately 35 � 27�). They were told that they were about to undergo
two practice rides, followed by an assessment ride that would be videoed. Prior to the first practice ride, the car drivers were
provided with an explanation of how the motorcycle simulator is operated. Specifically, the experimenter (who had over
20 years of active motorcycle experience) explained use of front and rear braking, accelerating and decelerating (throttle
operation), clutch and gear operation, engine ignition (electric – via a button), and signalling. The experimenter also went over
the same details with the motorcyclists but more briefly. After this explanation all participants completed the two practice
rides. In the first practice ride (on a straight road), they were required to shift gears and increase speed until they had reached
sixth (top) gear, following which they reduced speed and gears until obtaining a full stop. Practice ended when participants
could achieve this task. In the second practice ride, they practiced riding in a city environment without traffic, allowing them
to experience turning and signalling. After these practice rides, the participants completed the assessment ride.

3.2. Results and discussion

Drivers and motorcyclists were compared directly on the objective and subjective measures (crashes, stalls, route-com-
pletion time, safety score and skill score). Motorcyclists were found to have fewer stalls, and higher safety and skill scores.
Most critically however, there was no difference in the mean number of crashes that the motorcyclists had (2.9) compared to
the car drivers (2.8; the means, standard deviations and t-values for comparisons of all five dependent variables, are given in
Table 3).

While this may be expected for the non-motorcyclist drivers, for the riders group three crashes in an 8 min ride appears
more than unlikely to accurately reflect their crash liability on a real road, raising some questions about the validity of the
simulator and suggesting that this measure should be treated with caution. A couple of plausible explanations are both re-
lated to the possibility that the motorcyclists behaved differently during the simulation as compared to how they would nor-
mally ride (i.e., on a real motorcycle and in real traffic). One such option is that the simulator does not encourage
motorcyclists to behave like true motorcyclists due to a lack of fidelity (either graphically, or in terms of interaction, such
as the inability to lean). Alternatively, knowing they were not taking any real risks the motorcyclists, treating the simulation
as a pleasurable video game rather than a serious ride, may have ridden less cautiously during the simulation as compared to
how they would ride in real traffic. A different type of explanation, related to the implementation of the hazards in this study
and the probability of their occurrence, is discussed in the Section 4.

The objective and subjective measures across the whole ride were also subjected to correlations. A significant negative
correlation was found between participants’ safety scores and their crash involvement (r = �.60, p = .001), with safer riders
involved in fewer crashes.

Safety scores were also positively correlated with skill (r = .59, p < .001), with more skilful riders also rated as safer riders.
These two measures consisted of distinct criteria (see Table 2), minimising the possibility that the correlation resulted from
overlapping measures. While these results support a non-causal relationship between skill and safety, it is reasonable to in-
fer that increased riding skill might contribute to riding safety, at least in the context of this simulated motorcycle test. The
correlations between safety scores and time to complete the course (r = .03), and between safety scores and number of stalls
(r = �.31) were not significant (ps > .10).

In addition to the significant positive correlations between skill and safety, significant negative correlations (ps < .001)
were found between skill and time taken to complete the course (r = �.67), and between skill and stalling the simulated mo-
Table 3
Means (SDs) and t-values for the comparisons between non-motorcycling drivers (DRIVERS) and motorcycling drivers (motorcyclists) on the five dependent
variables.

Non-motorcyclist drivers Motorcyclist drivers t-Value
M (SD) M (SD)

Time (s) to complete the route 354 (48.75) 318 (49.65) 1.85
Number of stalls 5.31 (2.4) .85 (1.4) 5.67**

Safety score 5.77 (1.8) 7.62 (1.8) �2.62*

Skill score 3.92 (1.94) 7.77 (2.09) �4.87**

Number of crashes 2.77 (1.17) 2.92 (1.12) �.34

* Significant at .05.
** Significant at .001.



Table 4
Correlations between ratings on the realism and danger scales for the four sub-groups created by the Experience �Mindset design (Exp. 1) and number of
crashes on the hazards for drivers and riders (Exp. 2). None of these correlations were significant.

Drivers’ crashes Riders’ crashes

Realism scale
Riders with drivers mindset �.40 �.43
Riders with riders mindset .21 �.12
Drivers with drivers mindset .05 �.13
Drivers with riders mindset .10 �.21

Danger scale
Riders with drivers mindset .03 �.08
Riders with riders mindset �.19 �.33
Drivers with drivers mindset �.31 �.05
Drivers with riders mindset .43 .29
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torbike (r = �.65). More skilful riders completed the course faster and stalled the simulated motorbike less frequently, pro-
viding some face validity to the skill measure. The correlation between skill and actual number of crashes from the whole
ride was low and not significant (r < .01; p > .10), but when safety scores were partialled out the relationship tended towards
significance (r = .39, p = 0.055).

The non-significant correlation between skill and number of crashes is however in line with Jonah, Dawson, and Bragg
(1981) whose riders’ skill assessment involved riding a real motorcycle and yet skill did not predict crash rates. In fact, while
multivariate analyses revealed no effect of test performance on subsequent accident involvement, bivariate analyses indi-
cated that high scorers on the Motorcycle Operator Skill Test were more likely to have had an accident than low scorers (Jo-
nah et al., 1981) suggesting that more skilful drivers tend to take more risks (Horswill, Waylen, & Tofield, 2004; Wilde, 1982;
Williams & O’Neill, 1974).

Individual v2 analyses were then conducted for each hazard to assess whether one participant group crashed more fre-
quently than the other on any particular hazard. For three hazards (‘unseen motorcycle’, ‘car making turn’, and ‘turning vehi-
cle stops’) there were no crashes at all. For two further hazards (‘parked vehicle starts moving’, and ‘bicycle entering road-2’),
drivers tended to crash more than motorcyclists (six drivers vs. two motorcyclists, v2

ð1Þ = 2.89, p = 0.089; three drivers vs. 0
motorcyclists, and v2

ð1Þ = 3.39, p = 0.066, respectively) though neither comparison reached conventional statistical signifi-
cance. Motorcyclists tended to crash more than drivers on ‘bicycle enters road-1’ (six drivers vs. 10 motorcyclists;
v2
ð1Þ = 2.6, p = 0.10), though again this failed to reach significance. Motorcyclists did however crash significantly more than

drivers on ‘bicycle entering the road-3’ (11 motorcyclists vs. five drivers; v2
ð1Þ = 7.67, p = 0.006). Motorcyclists and car drivers

crashed with equal frequency on the three remaining hazards, with relatively few crashes for ‘car reverses’ (three motorcy-
clists and three drivers) and for ‘turning oncoming car’ (four motorcyclists and four drivers), and relatively more crashes with
‘crossing pedestrian behind vehicle’ (seven motorcyclists and seven drivers).

Overall the results of Experiment 2 did not indicate that motorcyclists crashed less frequently than car drivers. While
there was slight evidence for some variation between participant groups across individual hazards, the only significant effect
of the v2 analyses actually favoured the car drivers. Safety correlated with crashes, but skill scores did not.

To summarise it appears that certain scores can distinguish between motorcyclists and drivers, but these are restricted to
handling proficiency (stalls) and the two subjective measures. The failure of crashes to distinguish between the groups, or
even to be correlated with our measure of skill will be discussed in the Section 4 in the light of Experiment 1 which found
the same hazards to distinguish between drivers and riders in a simple vignette study.

Table 4 gives correlations between ratings on the realism and danger scales for the four sub-groups created by the Expe-
rience �Mindset design in Experiment 1 and the number of crashes on the hazards for drivers and riders in Experiment 2.
Positive correlations with the danger scale indicate that participants in Experiment 1 crashed more on those hazards that the
participants in Experiment 2 rated as more dangerous (or as more realistic if the correlation are with the realism scale)
whereas negative correlations suggest the opposite.

4. General discussion

While car simulators are often used for both research purposes (e.g., Horberry, Anderson, Regan, Triggs, & Brown, 2006;
Shinar, Tractinsky, & Compton, 2005), as well as for driver training purposes (e.g., Ivancic & Hesketh, 2000; Roenker, Cissell,
Ball, Wadley, & Edwards, 2003), our present study adds to the few studies of which we know that employed a motorcycle
simulator towards these ends (Hosking et al., 2010; Liu et al., 2009). It should be noted however that although the partici-
pants in the Hosking et al. study viewed the scenarios while seated on a motorcycle simulator (Honda NSR), allowing the
riders to place their feet on the foot pedals in a realistic riding posture, the simulation did not provide interaction between
the motorcycle and the simulation displays. While a motorcycle simulator can provide riders with condensed experience of
different riding conditions, particularly dangerous ones, creating appropriate hazards which are both realistic and dangerous,
is a difficult task.
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In the current study, two methods were employed to assess hazards in a motorcycle simulation. In addition to the pro-
vision of a second method to assess the same hazards (thereby allowing us to avoid problems associated with any particular
method), the vignette data (Exp. 1) particularly allowed us: (a) to overcome the problems associated with the fixed order of
presentation of the hazards in the simulator (e.g., order effects) and (b) to manipulate the mindset of the participants (either
motorcyclist or car driver) far better than we would have achieved if we had asked our participants to view the motorcycle
simulation and to assume they are driving a car rather than riding a motorcycle.

The current study has shown that hazards which can discriminate between drivers and motorcyclists when presented as
simple vignettes can lose their diagnostic ability when transferred to a virtual setting. Motorcyclists’ ratings of the danger of
the vignette hazards were not simply related to the level of perceived realism (despite a significant correlation between the
two), but also appear related to a greater sensitivity or a lower threshold to what constitutes a danger regardless of mindset.
The failure of this distinction to carry through to the simulator may reflect a flaw in the assumption that differential hazard
judgements should translate into hazard avoidance. However, although this rationalisation may be opposed to the literature
that suggests that motorcycling confers improved coordination and hazard perception abilities (e.g., Horswill & Helman,
2003; Magazzù, Comelli, & Marinoni, 2006), the poor correspondence between the group differences in hazards ratings in
Experiment 1 and the inability of those hazards to discriminate between drivers and motorcyclists riding performance in
Experiment 2, is consistent with previous failures to demonstrate a correlation between rating of the riskiness of scenes from
hazard perception tests and hazard perception response latencies (Farrand & McKenna, 2001; Wallis & Horswill, 2007). One
explanation relates to distinct criteria which may underlie riskiness rating tasks and hazard perception response latencies,
with the former reflecting risk aversion and the latter some sort of anticipation skill (Horswill & McKenna, 2004). Relatedly,
drivers may adopt a liberal criterion to produce faster responses in hazard perception tests, which they do not necessarily
apply in rating tasks (Wallis & Horswill, 2007).

Two other alternatives discussed in Experiment 2 are related to the possibility that the motorcyclists behaved differently
during the simulation (either due to lack of fidelity or due to lack of risk) as compared to how they would normally ride. In
regard to the first alternative, the vignettes provided no cues to behave like a motorcyclist (other than the explicit instruc-
tions, which had no influence on the motorcyclists’ danger ratings), yet this simple method was able to distinguish between
riders and drivers. Furthermore there is an argument that the ability to spot hazards is, to a certain extent, independent of
the motor task of controlling a vehicle (cf. Horswill & McKenna, 2004). Thus the lack of certain methods of interacting with
the simulator (such as leaning) should have had little impact, unless their absence actually invoked inappropriate behaviours
rather than merely failing to perfectly invoke realistic responses. While the argument that a lack of realism encouraged nor-
mally superior riders to behave more recklessly cannot be ruled out, the higher safety scores of the motorcyclists compared
to drivers argues against this.

One final explanation for the inability of the simulated hazards to demonstrate any distinction between groups is that the
implementation of the hazards in the simulator lost or added something to the vignette descriptions that prevented the in-
creased danger ratings of the motorcyclists from transferring to fewer crashes in the simulator. Certainly on debriefing the
experienced motorcyclists reported frustration with their inability to avoid hazards that seemed triggered to ensure a crash
rather than to provide them with an opportunity to avoid it (e.g., A taxi in the contraflow lane waits at a junction, ostensibly
for the participant to ride through the junction, before making the turn across the flow of traffic. The taxi’s manoeuvre is
triggered by the proximity and movement of the motorcycle, such that it waits as long as the rider is still, and it moves to-
wards the rider only as the rider starts moving).

The presence of a precursor to the hazard, or a foreshadowing element, improves participants’ chances of detecting the
subsequent hazard (Garay, Fisher, & Hancock, 2004; Garay-Vega, Fisher, & Pollatsek, 2007). For instance a pedestrian who
crosses the road ahead (too far away to be a hazard in itself) draw drivers’ attention to the fact that there may be a marked
crossing and that other pedestrians might therefore step into the road. Similarly, research undertaken in our laboratory sug-
gests that the precursors are of vital importance to spotting a hazard, and may be key in distinguishing between experienced
and novice drivers (Crundall, Trawley, van Loon, & Underwood, in preparation). In the current route, several hazards ap-
peared to lack enough foreshadowing to allow the experienced riders to demonstrate any advanced levels of hazard
avoidance.

These results may initially seem opposed to those of Liu et al. (2009) who reported that experienced motorcyclists out-
performed less experienced riders. However their ability to discriminate between their rider groups was not consistent
across all of their chosen routes. For one particular route they reported that ‘‘the frequency of crashes was equally and unre-
alistically high for all riders, regardless of their prior experience. . . [suggesting that this route] was not a sound indicator of
proficient hazard perception, or of riding ability.” We do not know whether Liu et al., used the exact same hazards as in the
current study, but their problematic route was taken from the same range of limited routes that our own was taken from (i.e.,
Path).

In conclusion, this paper has demonstrated that a common-sense understanding of a hazard (even to the extent of using a
representative sample to provide ratings) does not necessarily transfer into riding behaviours in the same simulated hazards.
It appears that hazards that can discriminate between drivers and motorcyclists when presented as vignettes do not neces-
sarily translate into discriminative simulated hazards. The simulator itself appears to discriminate between the two groups
in other measures such as handling, and safety scores (and to a lesser extent with skill scores), but in regards to crashes,
performance was equally poor. We believe that this was due to the implementation of the hazards, especially the lack of
any precursor to the hazards that the experienced rider might have picked up on. However we recognise that some of the
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other hazards available in the simulated, as reported by Liu et al., might have better discriminability. This is a perennial prob-
lem in hazard perception research: some hazards discriminate but others do not (cf. Horswill & McKenna, 2004). Until
researchers fully understand the underlying differences between discriminative and non-discriminative hazards, this will
continue to be the situation. To aid our understanding the literature must detail both those hazards that work, and those
that do not, for researchers to formulate theories regarding the structure of truly diagnostic hazards.
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