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bstract

Motorcyclists are over-represented in UK traffic accident statistics. Many car–motorcycle accidents are however due to the inappropriate actions
f car drivers. It is predicted that car drivers at risk of collision with motorcycles have divergent attitudes and beliefs about motorcyclists compared
o safer drivers, which may lead to a deficient mental model guiding their interactions with motorcyclists. To assess car drivers’ attitudes towards

otorcyclists, a survey was undertaken. Respondents filled in 26 general and motorcycle-related items and the 24 items of the reduced Driver
ehaviour Questionnaire. Compared to an experienced dual driver group (who both drive cars and ride motorcycles), all other drivers showed

ivergent beliefs and attitudes. Four factors were extracted from the motorcycle items: negative attitudes, empathic attitudes, awareness of perceptual
roblems, and spatial understanding. Car drivers with a moderate amount of experience (between 2 and 10 years driving) held the most negative
iews and reported the most violations. The results have lead to several suggestions for interventions aimed at decreasing the divergence between
rivers’ perceptions of motorcyclists, and the perceptions of experienced dual drivers.

2007 Elsevier Ltd. All rights reserved.
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. Introduction

In a recent analysis of motorcycle accidents Clarke et al.
2004) found that right-of-way violations by other motorists
ROWVs) led to the most motorcycle accidents. A typical
nstance would involve a car pulling out from a junction into
he path of an approaching motorcycle. Other noted accidents
ncluded drivers overtaking or making U-turns in slow mov-
ng traffic, without checking for filtering motorcycles (that is,

otorcycles travelling between two lanes of stationary or slow
oving traffic, or overtaking one line of stationary traffic on a

ingle carriageway road).
Typically car drivers involved in these accidents report that

hey looked but failed to see the approaching motorcycle (a
BFTS error). It is possible however that some of these drivers

ailed to look, or failed to look in the appropriate areas of the
isual scene. Alternatively, some drivers may look and see the
otorcycle, but make an incorrect decision about whether it is
afe to make their manoeuvre (Brown, 2002).
It is proposed that all of these behaviours are subject to expe-

ience with, and exposure to, motorcycles. There is evidence that

∗ Corresponding author. Tel.: +44 115 951 5297; fax: +44 115 951 5324.
E-mail address: david.crundall@nottingham.ac.uk (D. Crundall).
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ual drivers (those who drive cars and ride motorcycles) have a
ower likelihood of accidents involving motorcycles (Magazzù et
l., 2006), and car drivers who have close friends or relatives who
ide motorcycles are also less likely to be involved in collisions
ith motorcycles, and demonstrated better observation of motor-

ycles than drivers without such family and friend connections
Brooks and Guppy, 1990). Experience and exposure to motor-
ycles feed into the drivers’ schemata for dealing with a variety
f driving situations. Schemata represent the accumulated under-
tanding that an individual has about any situation, and provide
uidelines and self-imposed rules for how one should behave
n those situations. If the schemata of drivers is sub-optimal,
hen they potentially have less awareness of when and where
o look, what to process (e.g. they may have higher thresholds
or spotting motorcycles), and what cues to use when making a
udgment about the risk posed by an approaching motorcycle.

The current study aimed to identify potential gaps in drivers’
chemata in relation to motorcyclists that may account for their
ncreased probability of being involved in an accident with a

otorcycle. We undertook a large questionnaire survey of a wide
election of drivers, and compared the results of drivers of vary-

ng experience with a highly experienced dual driver group (10
ears or more experience of both cars and motorcycles). As
vidence suggests that car drivers who also ride motorcycles
re among the safest car drivers in relation to car–motorcycle

mailto:david.crundall@nottingham.ac.uk
dx.doi.org/10.1016/j.aap.2007.11.004
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nteractions, this group of respondents was chosen to provide
he ‘gold standard’ against which drivers of varying experience
ere judged.
The questionnaire contained a variety of items that related to

he attitudes, knowledge and perceptual skills that may influence
driver’s schema. It was predicted that certain items across atti-

udes, knowledge and skills would cluster together, representing
nderlying factors in the average schema. Those items and fac-
ors that differed for the car drivers when compared to responses
rom the dual drivers were considered to represent gaps in an
ptimal schema for car–motorcycle interaction.

. Method

.1. Participants

There were 286 questionnaires returned via a freepost address
14.6%). A further 1069 responses were received from an online
ersion, making a total of 1355. Respondents were divided into
our groups; drivers with under 2 years of experience since pass-
ng the driving test (<2, N = 77), drivers with between 2 and 10
ears of experience since passing the test (2–10, N = 166), drivers
ith over 10 years experience (10+, N = 561), and respondents
ho had over 10 years experience of both driving a car and rid-

ng a motorcycle (10 + DD, N = 507). This last group acted as the
gold standard’ for comparisons. An additional 41 respondents,
ho reported some motorcycle experience less than 10 years,
ere removed from all subsequent analyses.

.2. Items

The questionnaire included three key sections. The first sec-
ion recorded demographic factors (age, driving history, annual

ileage, and accidents). The second section presented 26 items
n the forms of statements that respondents could agree or dis-
gree with (see Appendix I). Responses were recorded on a
-point Likert-type scale varying from ‘disagree strongly’ to
agree strongly’. The first two questions were general items (‘I
nd driving a car is enjoyable and rewarding’ and ‘I perform
ll appropriate visual checks when driving or riding, e.g. mirror
se, blind-spot checks, etc.’). The next 24 items were devel-
ped to reflect potential attitudes (e.g. ‘Car drivers are typically
ore law-abiding than motorcyclists’), basic knowledge (e.g.

Motorcyclists are allowed to filter past stationary or slow mov-
ng traffic’), and perceptual skills and performance (e.g. ‘It is
ifficult to estimate the speed of approaching motorcycles while
aiting to turn at a junction onto a main carriageway’). There
ere eight items each for attitudes, knowledge and perceptual

kills, making up the total of 24. Three of the knowledge items
ad a slightly different scale, reflecting the nature of the ques-
ion (see Appendix I). These items were piloted and reviewed
y members of an internal ethics board.

The third section presented 25 items, 24 of which came from

he reduced Driver Behaviour Questionnaire (DBQ; Parker et al.,
995a). These were included to measure more general driving
ehaviour on previously validated scales which could then be
elated to the motorcycle items. Respondents had to estimate

(
r
o
s
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ow often they engaged in the described activities, ranging from
Never’ to ‘Nearly always’ on a 6-point scale. Of these 24 items,
here were 8 violations (e.g. ‘How often do you drive or ride
ven though you realise that you may be over the legal blood
lcohol limit?’), 8 errors (e.g. ‘How often do you miss ‘Give
ay’ signs and narrowly avoid colliding with traffic having right

f way?’) and 8 lapses (e.g. ‘How often do you attempt to drive
way from traffic lights in third gear?’). The final item was a
eneral item that used the DBQ scale (‘How often do you need
o take evasive action (e.g. swerve or brake suddenly to avoid a
ollision/accident)?’).

. Results

The analyses are split into four sections. The first considers
he DBQ items, while the second section reports on the items
elated specifically to motorcycles. The third section relates
cores to near accidents, and the fourth reports the results of
egression analyses that attempt to predict the three factors of
he DBQ (lapses, errors and violations) from the motorcycle
tems.

.1. Driver Behaviour Questionnaire

The three scales (lapses, violations and errors) were tested for
nternal reliability and produced Cronbach’s alphas of 0.74 for
apses (15 cases excluded due to missing values), 0.77 for errors
12 cases excluded), and 0.74 for violations (8 cases excluded).
he average score for lapses was 2.1, errors averaged 1.6, and
iolations averaged 1.9 (where ‘never’ equals 1 and ‘very rarely’
quals 2). The highest rated lapse was having no clear recollec-
ion of a road along which they had just travelled (2.8). The
ighest error was under-estimating the speed of an oncoming
ehicle when overtaking (1.9). The highest violation was self-
eported speeding early in the morning or late at night (3.2,
lacing the average between ‘rarely’ and ‘sometimes’).

For further analysis participants were split into four experi-
nce groups (<2, 2–10, 10+ and 10 + DD, with Ns of 73, 166, 556
nd 505, respectively) and across gender (407 females and 893
ales). The mean scores on each factor are shown in Table 1.
A multivariate analysis of variance (manova) was conducted

n the average scores of the three combined scales for each
espondent, across gender and experience. The manova revealed
ffects of gender (Wilks’ λ = 0.942, F(3,1289) = 26.3, p < 0.001)
nd experience (Wilks’ λ = 0.964, F(9,1289) = 5.2, p < 0.001),
ut no interaction. The results were decomposed into univariate
nalyses for each of the three DBQ factors.

A main effect of gender was found for lapses
F(1,1291) = 29.5, MSe = 0.3, p < 0.001) and violations
F(1,1291) = 25.3, MSe = 0.4, p < 0.001), with females scoring
igher on lapses than males (2.3 versus 2.0), and males scoring
igher on violations (2.0 versus 1.8).

There was also a main effect of experience for errors

F(3,1291) = 5.7, MSe = 0.2, p < 0.001). Post hoc Tukeys
evealed that the 10 + DD group reported considerably less errors
n average than the <2 and the 2–10 groups (p < 0.001), and still
howed a significant difference over the 10+ group (p < 0.05).
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Table 1
Average scores for lapses, violations and errors, with standard errors

Item Driving experience

<2 2–10 10+ 10 + DD

Lapses
Female 2.4 2.3 2.3 2.2

0.09 0.07 0.04 0.08
Male 2.1 2.1 2.0 2.0

0.10 0.06 0.03 0.03

Violations
Female 1.7 2.0 1.7 1.7

0.10 0.07 0.04 0.09
Male 2.0 2.2 1.9 1.9

0.11 0.06 0.03 0.03

Errors
Female 1.7 1.7 1.6 1.6

0.08 0.05 0.03 0.07
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Male 1.8 1.7 1.6 1.5
0.08 0.05 0.03 0.02

he relatively high number of errors reported by the <2 and 2–10
roups were indistinguishable.

There was a main effect of experience for violations
F(3,1291) = 10.7, MSe = 0.3, p < 0.001). Post hoc Tukey tests
evealed that the 2–10 group reported more violations than all
ther groups (p < 0.01 for all comparisons). No other differences
ere significant.
When this analysis was repeated with age as a covariate, it

evealed that age was negatively related to the violations score
F(1,1290) = 53.9, MSe = 0.4, p < 0.001). The resultant pattern
emonstrated that when age was controlled for, the least expe-
ienced group reported fewer violations. The 2–10 year group
eported the most, though there was little difference between
his group and the two 10+ year groups. The pattern of results
or errors and lapses did not change when age was controlled
or.

The results mirror previous studies in some important
espects (e.g. Reason et al., 1990). Females tended to report
ore lapses while males reported more violations. Errors were

venly spread across gender though were greater for the two
east experienced groups. While errors were greatest for the least
xperienced group, their violations were the least.

.2. Motorcycle-related items

The 24 motorcycle items were subjected to an exploratory
actor analysis with varimax rotation. Parallel analysis identi-
ed four factors. Two further iterations of the factor analysis
emoved items that cross-loaded on more than one factor. The
nal factor analysis included 15 of the original 24 items. Five

tems loaded onto factor 1 reflecting negative attitudes toward
otorcyclists. Five items loaded onto factor 2. These were more

ositive or empathic attitudes (understanding why motorcyclists

se daytime running lights). Factor 3 had three items reflecting
wareness of perceptual problems. Two items loaded on factor 4
epresenting spatial understanding. The individual factor load-
ngs for these items can be viewed in Table 2. Cronbach’s alpha

a
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g
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id not reach 0.7 for any of these factors so we did not treat
hem as scales. Instead of comparing the average scale scores
n a manova, the items for each factor were subjected to their
wn manova across experience and gender. Mancovas were also
onducted using age as a covariate. The manovas are reported
n the following subsections. The mancovas are only referred to
f they changed the interpretation of the manovas. All tables and
gures in this section report the unadjusted scores.

.2.1. Negative attitudes to motorcyclists
The manova was conducted on the scores of participants (with

ve males removed from 10 + DD due to missing values) to the
ve items that make up the negative attitude factor. There was
n effect of experience (Wilks’ λ = 0.879, F(15,3542) = 11.3,
< 0.001), and an interaction between gender and experience

Wilks’ λ = 0.979, F(15,3542) = 1.8, p < 0.05). Gender was not
ignificant. The interaction and experience effects were further
nvestigated with univariate analyses for each of the five items
hat make up the factor.

Main effects of experience were found for all five items
F(3,1287) ≥8.4, p < 0.001; see Table 2 for mean scores). For
he item car drivers are more law-abiding (Q22), the least expe-
ienced drivers tended towards the middle of the scale (3.8). This
core decreased with increasing experience, with the most expe-
ienced group (10 + DD) most strongly disagreeing (2.6). Post
oc Tukeys revealed all groups to be significantly different for
his item (p < 0.05) apart from the two least experienced groups
<2 and 2–10). The item The motorcycle test is easier than the
riving test (Q18) followed the same pattern (with all Tukeys
< 0.05), with 10 + DD disagreeing most strongly. The <2 group
ven erred on the side of agreement (4.3). The item When a car
nd a motorcycle collide it is typically the fault of the motorcy-
list (Q15) only revealed a difference between the 10 + DD group
ompared to the three other groups. While on average none of
he groups agreed with the statement, the 10 + DD group most
trongly disagreed (p < 0.001). The item It costs less to repair the
verage motorcycle. . . compared to a car (Q21) followed this
attern also with the only differences noticeable between the
xperienced dual drivers and the others. For the item . . .taking
isks is part of the thrill (Q9) the 10 + DD group disagreed
ost strongly compared to all other groups (p < 0.005), followed

y the 10 + group. Interestingly, though the 10 + disagreed with
hrill as an integral part of riding compared to the 2–10 group, no
ifference was found between the <2 group and the 10 + group.
he 2–10 group actually had the weakest tendency to disagree

3.5), and though they did not differ from the <2 group, they
id differ from the 10 + drivers (p < 0.05), suggesting that their
cores reflect a blip in attitudes that is not consistent with the
eneral improvement in safety-related attitudes with increased
xperience.

Three interactions between gender and experience were
oted for the law-abiding item (F(3,1287) = 10.5, MSe = 2.2,
< 0.005), the fault item (F(3,1287) = 2.9, MSe = 1.8, p < 0.05),

nd the repair item (F(3,1287) = 4.6, MSe = 2.7, p < 0.005). As
an be seen in Fig. 1, all three interactions are primarily driven
y a crossover between gender and the two most experienced
roups with females reporting greater disagreement with the
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Table 2
Average scores for all items that load onto the four factors across experience (with standard errors) and their associated factor loadings

Factor Item Factor
loadings

Driving experience

<2 2–10 10+ 10 + DD

Negative attitudes to motorcyclists

Q22 .726 3.9 3.6 3.2 2.6
0.18 0.12 0.06 0.11

Q15 .686 3.0 3.1 2.9 2.2
0.16 0.10 0.06 0.10

Q18 .683 4.3 4.0 3.7 2.8
0.14 0.10 0.05 0.09

Q21 .667 4.1 4.0 3.9 2.9
0.19 0.13 0.07 0.12

Q9 .480 3.3 3.5 3.1 2.6
0.20 0.14 0.07 0.13

Empathic attitudes towards motorcyclists

Q12 .689 5.8 5.6 5.9 6.4
0.14 0.09 0.05 0.09

Q11 .668 4.7 4.8 5.3 5.8
0.18 0.12 0.06 0.11

Q3 .582 6.2 6.0 6.2 6.6
0.13 0.09 0.05 0.08

Q19 .533 3.8 3.9 3.9 4.3
0.18 0.12 0.06 0.11

Q20 .310 4.4 4.0 3.9 4.7
0.21 0.14 0.08 0.13

Awareness of perceptual problems

Q6 .716 4.6 4.2 4.6 4.4
0.22 0.15 0.08 0.14

Q8 −.687 2.7 2.9 2.9 3.3
0.20 0.13 0.07 0.13

Q17 .667 5.6 5.2 5.4 5.3
0.18 0.12 0.06 0.11

S

Q25 .710 4.5 4.7 4.7 4.8
0.17 0.11 0.06 0.11
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patial understanding
Q26 .70

tems compared to men in the 10 + group, yet the opposite occurs
or the 10 + DD group. The pattern suggests that women benefit
ost from 10+ years driving experience compared to men, but

he extra benefit they receive from riding a motorcycle is mini-
al. The men however do not benefit as much as the women from

0 years of driving experience (though the benefit is still notice-
ble compared to the other less experienced groups). They do
owever benefit greatly if they also have 10 years of motorcycle
xperience.

In a subsequent mancova age was found to signif-
cantly co-vary with the motorcycle versus driving test
tem (F(1,1286) = 8.5, MSe = 1.5, p < 0.005), the repair item
F(1,1286) = 5.7, MSe = 2.7, p < 0.05), and the thrill item
F(1,1286) = 4.9, MSe = 3.0, p < 0.05), but did not change the
attern of significant results.

.2.2. Empathic attitudes towards motorcyclists
A manova was conducted on the scores of the five items of the

mpathic factor (with one 10 + female and two 10 + DD males
emoved due to missing values). It revealed effects of gender

Wilks’ λ = 0.959, F(5,1285) = 11.1, p < 0.001), and experience
Wilks’ λ = 0.920, F(15,3548) = 7.3, p < 0.001), but no interac-
ion. The main effects were further investigated with univariate
nalyses for each of the five items.

i
t
t

3.6 3.9 3.9 3.9
0.15 0.10 0.06 0.09

A main effect of gender was found for the item motorcycle
eadlights increase daytime visibility (Q11; F(1,1289) = 46.8,
Se = 2.3, p < 0.001) with males tending to agree more strongly

han females (5.6 versus 4.7). An effect of gender was also
oted for the item I have similar characteristics to a motor-
yclist (Q19; F(1,1289) = 6.2, MSe = 2.3, p < 0.05), with men
lightly agreeing, while women slightly disagree (4.1 and 3.8,
espectively).

All five items showed an experience effect (F(3,1289) ≥4.2,
< 0.01; see Table 2). Post hoc Tukey tests revealed that for

he item Other drivers should take more car to look out for
otorcycles (Q12) the 10 + DD group agreed more strongly than

he 2–10 and 10 + groups (p < 0.001). A mancova controlling for
ge also reduced the agreement of the <2 group, making it clear
hat the 10 + DD group gave the strongest agreement of all.

Post hoc tests on the headlights item suggested no differ-
nces between <2 and 2–10 groups. The 10 + group agreed more
trongly than both of the less experienced groups (p < 0.01),
nd the 10 + DD group gave the strongest ratings of agreement
ompared to all groups (p < 0.001).
The 2–10 group agreed least with the item When driving in
nterweaving traffic. . . I am aware that motorcycles are harder
o spot (Q3; 5.6), which was statistically indistinguishable from
he <2 group, yet less than both of the more experienced groups
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ig. 1. Three graphs depicting the average scores for the three items of factor
which produced an interaction (with standard errors). Light bars are females,

ark bars are males.

p < 0.05). The 10 + DD group gave a significantly higher answer
han all other groups (p < 0.001). Though the 2–10 group gave

significantly lower rating than the 10 + group, the <2 and
0 + groups were indistinguishable.

Post hoc tests on the characteristics item revealed that the
ual drivers (10 + DD) agreed most strongly that they were like

he typical motorcyclist (p < 0.001).

The item motorcycles are easy to spot, even against a clut-
ered background (Q20) revealed 10 + DD drivers to agree most
trongly, with higher ratings than all other groups (p < 0.001)
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hen age was controlled for (mancova: F(1,1288) = 4.2,
Se = 3.3, p < 0.05). It is possible that this item measured a

enuine improvement in spotting motorcycles (cf. Magazzù et
l., 2006).

.2.3. Awareness of perceptual problems
A manova on the three items that make up this factor (with

hree 10 + DD males removed due to missing data) revealed
ffects of gender (Wilks’ λ = 0.975, F(3,1287) = 11.0, p < 0.001),
nd experience (Wilks’ λ = 0.985, F(9,3132) = 2.2, p < 0.05), but
o interaction. The main effects were further investigated with
nivariate analyses for each of the three DBQ factors (see Table 2
or means).

The univariate results identified a main effect of gender on
he item It is difficult to estimate the speed of approaching
otorcycles. . . (Q6) with females agreeing, while the average
ale response fell on the centre of the scale (4.9 versus 4.0;
(1,1289) = 29.5, MSe = 3.6, p < 0.001). Females also disagreed
ost with the for the item When waiting to turn. . . I find motor-

ycles are easy to spot (Q8; 2.8 versus 3.2, F(1,1289) = 8.7,
Se = 2.9, p < 0.005).
Experience also influenced the waiting item (F(3,1289) = 4.4,

Se = 2.9, p < 0.005), with all non-motorcyclists strongly dis-
greeing that motorcycles are easy to spot.

In the subsequent mancova age was found to co-vary with all
hree factors (F(1,1288) ≥6.7, p < 0.01), though the pattern of
esults remained unchanged.

.2.4. Spatial understanding regarding motorcycles
The two items that load on this factor were subjected to a

anova and a subsequent mancova (with three 10 + DD males
emoved due to missing data).

The manova only revealed an effect of gender (Wilks’
= 0.989, F(2,1288) = 7.1, p < 0.001). Subsequent univariate

nalyses found this to be driven by females estimating motorcy-
les to be wider than males (Q26; F(1,1289) = 9.1, MSe = 1.6,
< 0.005). Females estimated width was 40% of a typical car.
ales scored an average of 3.7, erring slightly towards 30% (see

able 2).
The mancova revealed that age positively co-varied with the

idth item (F(1,1288) = 4.2, MSe = 1.6, p < 0.05) though the pat-
ern of results remained.

.2.5. Non-factor motorcycle items
Nine of the original 24 motorcycle items were not included

n the prior analyses. Either they did not load onto any factor,
r they cross-loaded on more than one factor. However, these
ine items might be of interest individually and so they were
ubjected to individual univariate analyses and post hoc Tukey
ests. The two initial questions (which were never intended to
orm part of a factor structure—I find driving a car is enjoyable
nd rewarding and I perform all appropriate visual checks. . .
ere also included in these analyses. For brevity’s sake, only
he interesting effects are reported.
The item I perform all appropriate visual checks. . . (Q2)

as influenced by experience (F(3,1285) = 9.4, MSe = 1.0,
< 0.001). The 10 + DD group agreed more strongly than all
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Table 3
Results of a hierarchical linear regression predicting near accidents using bio-
graphical, experience, DBQ and motorbike items

R2 �R2 F change p B p

Biographics .000 .000 .133 .876
Age −.001 .612
Gender .010 .863

Experience .007 .007 2.243 .082
<2 −.279 .035
2–10 −.039 .699
10+ −.109 .082

DBQ .122 .115 45.021 <0.001
Lapses .252 <.001
Violations .124 .005
Errors .288 <.001

Motorbikes items .130 .008 9.341 .002
Q2 .081 .002
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ther groups (6.3, p < 0.001). The other three groups were
ndistinguishable, averaging 5.9. A similar pattern occurred for

otorcycles are allowed to ‘filter’ past stationary. . . traffic (Q5)
nd The average motorcyclist takes greater precautions than the
verage driver in wet weather condition (Q13) with 10 + DD
rivers agreeing more strongly than other groups (p < 0.001).
ales were also more likely to agree with both of these items

han females (p < 0.005, and p < 0.001, respectively).
Motorcyclists often perform manoeuvres that are inap-

ropriate (Q14) followed the same pattern of expe-
ience (F(3,1285) = 13.1, MSe = 2.5, p < 0.001). All non-
otorcycle groups agreed more strongly than the 10 + DD

roup.
It is easier for motorcyclists to make sudden swerves to avoid

n accident than car drivers (Q4) revealed an effect of expe-
ience (F(3,1285) = 3.9, MSe = 3.6, p < 0.01) that is primarily
riven by the <2 group erring on the side of agreement (4.3 with
he unadjusted scores, and 4.6 when age is controlled). All other
roups disagreed, averaging 3.5.

Males agreed with the statement. . . riding a motorcycle is
njoyable more than females (Q7; F(1,1285) = 67.9, MSe = 3.2,
< 0.001). A main effect was also found for experience

F(3,1285) = 46.8, MSe = 3.2, p < 0.001). One again this was due
o strong agreement from the 10 + DD group compared to all
ther groups (p < 0.001). A small difference between the 2–10
nd the 10 + groups suggested that the latter might have the
east agreement with this statement (p < 0.05) though this differ-
nce disappeared when the mancova controlled for age (though
his does suggest that if you do not ride a motorcycle you are
ess likely to think it would be enjoyable the older you get:
(1,1284) = 26.7, MSe = 3.1, p < 0.001).

Motorcycles are as easy to see at night as cars (Q10)
ound less agreement with females (F(1,1285) = 8.4, MSe = 3.2,
< 0.005), though they agreed more strongly than males with

he item. . . you can suddenly be surprised by the appearance
f a motorcycle coming from behind (Q16; F(1,1285) = 11.9,
Se = 2.9, p < 0.001). An effect of experience (F(3,1285) = 7.0,
Se = 2.9, p < 0.001) for the surprised from behind item

evealed that yet again the 10 + DD group differed from the
ther groups (p < 0.005). Though all groups erred on the side
f agreement, the 10 + DD group were the least extreme in their
cores.

I am often surprised by motorcycles filtering. . . (Q23) found
ales and females straddling the midpoint of the scale with

emales agreeing (4.2) and males disagreeing (3.4) slightly
F(1,1285) = 5.5, MSe = 3.4, p < 0.05). A significant effect of
xperience (F(3,1285) = 20.2, MSe = 3.4, p < 0.001) is driven by
he 10 + DD who deny being surprised by filtering motorcycles
3.0) compared to all other groups who produce averages that are
lightly toward the agreement end of the scale (>4, p < 0.001).
ontrolling for age reduced the surprised at filtering scores of

he 10 + group compared to <2 and 2–10, but not to the extent
f the 10 + DD group.
The final item of interest was motorcyclists should travel in
hich of the following positions within a lane?(Q24). An expe-

ience effect (F(3,1285) = 14.4, MSe = 1.4, p < 0.001) revealed
hat the 10 + DD group selected a lane position to the right of

c
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d
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he motorbike variables were entered in a stepwise fashion. The results shown
ere are those at the final stage of the stepwise procedure.

he midpoint, whereas the other three groups of drivers chose a
oint to the left of the midpoint (p < 0.001).

.3. Predicting near accidents

Previous studies have suggested that violations are strongly
elated to accidents (e.g. Parker et al., 1995b). Reported acci-
ents however were too low for any sensible conclusions to be
rawn from this current sample (7.8% of respondents reported
n accident involving damage that cost over £200 to repair, while
nly 3.5% reported an accident that resulted in injury). Previ-
us research has however used self-reported near accidents as a
urrogate variable for accidents (e.g. Underwood et al., 1999),
s they occur with greater frequency.

The frequency of reported near accidents was analysed via a
ierarchical linear regression. In the first stage, the biographi-
al variables age and gender were entered with gender coded
for female and 1 for male. At step 2 three dummy coded

ariables representing the categories <2, 2–10 and 10 + were
ntered. Group membership was coded 1 and non-membership
. In effect, the 10 + DD group are represented as a contrast
roup by this procedure (Cohen and Cohen, 1983). In the third
lock of entry the DBQ variables, lapses, violations and errors,
ere entered. Finally the motorcycle items were entered. At this
oint of entry into the regression model these items were entered
sing a stepwise procedure. The results of this analysis are found
n Table 3.

The biographical variables did not account for any vari-
bility in the near accidents. Of the experience variables only
2 was significant (B = −0.279, p < 0.05), although the overall

ncrease in R2 (0.007) was only marginally significant (p < 0.1).
his indicates that relatively novice drivers report fewer near
ccidents than the 10 + DD group when age and gender are

ontrolled for. With respect to the DBQ variables, together
hey showed a significant positive relationship with near acci-
ents (R2 = 0.115), with errors (B = 0.288, p < 0.001) and lapses
B = 2.52, p < 0.001) having a stronger relationship than viola-
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Table 4
Results of a hierarchical linear regression predicting the three factors of the
Driver Behaviour Questionnaire using biographical, experience, DBQ and
motorbike items

Criterion variable R2 �R2 F change p B p

Lapses
Biographics .070 .070 38.763 <.001

Age .001 .730
Gender −.331 <.001

Experience .073 .003 1.179 .316
<2 .131 .151
2–10 .105 .129
10+ .065 .132

DBQ .389 .316 266.905 <.001
Violations .018 .499
Errors .728 <.001

Items .401 .012 5.053 <.001
Q3 −.028 .018
Q5 .019 .023
Q23 .028 .002
Q26 .023 .047

Errors
Biographics .022 .022 11.820 <.001

Age −.003 .002
Gender −.099 .001

Experience .039 .017 5.946 .001
<2 .216 .003
2–10 .211 <.001
10+ .103 .003

DBQ .444 .405 374.594 <.001
Lapses .400 <.001
Violations .220 <.001

Items .487 .044 21.822 <.001
Q2 −.083 <.001
Q8 −.013 .039
Q16 .014 .049
Q23 .017 .010

Biographics .075 .075 41.913 <.001
Age −.011 <.001
Gender .245 <.001

Experience .083 .008 3.167 .024
<2 −.247 .011
2–10 .001 .995
10+ −.066 .150

DBQ .251 .168 115.538 <.001
Lapses .025 .499
Errors .552 <.001

Violations
Items .325 .074 12.402 <.001

Q2 −.036 .047
Q5 .019 .032
Q7 .043 <.001
Q9 .050 <.001
Q17 −.026 .027
Q18 .035 .018
Q19 .042 <.001

p
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ions (B = .124, p < 0.001). At the stepwise block of variable
ntry, only Q2, I perform all appropriate visual checks. . .
howed a significant effect (R2 = 0.08, B = 0.081, p = 0.002).
nterestingly, the relationship between this item and reported
ear accidents is positive suggesting that the more that a driver
hecks the visual scene the more likely they are to report a higher
requency of near accidents.

.4. Predicting lapses, errors and violations

Given, that the DBQ items showed the strongest relationship
ith near accidents it was decided to examine which variables
redicted the overall scores for the lapses, errors and violation
cales. Three separate hierarchical linear regressions were con-
ucted following essentially the same procedure as for the near
ccidents, with the difference that the dependent variable was
ach of the DBQ scales in turn. The dummy coding of the vari-
bles was the same as before as was the order of entry into the
egression equation, and all results are shown in Table 4.

For lapses the biographical variables accounted for a signifi-
ant proportion of variability (R2 = 0.07, p < 0.001). Age was not
ignificant (B = 0.001, p = 0.730) though gender showed a sig-
ificant negative relationship (B = −0.331, p < 0.001) indicating
hat males reported fewer lapses than females. Overall and indi-
idually, the driving experience variables did not account for a
ignificant proportion of the variability (R2 = 0.003, p = 0.316).
he DBQ scales, violations and errors accounted for a signif-

cant proportion of variability (R2 = 0.389) but only violations
howed a significant relationship (B = 0.728, p < 0.001).

Four motorcycle questions accounted for a small but signifi-
ant proportion of additional variability (R2 = 0.012, p < 0.001).
hen driving in interweaving streams of fast moving traffic. . .
otorcycles can be more difficult to spot (Q3), showed a nega-

ive relationship (B = −0.028, p = 0.018) indicating that the more
hat a driver agreed with this item the fewer lapses they made.
he remaining items, motorcyclists are allowed to filter past sta-

ionary or slow moving traffic (Q5; B = 0.19, p = 0.023), When
n slow moving traffic I am often surprised by motorcyclists
ltering. . . (Q23; B = 0.028, p < 0.002) and What proportion of
he width of a car does a motorcycle occupy (Q24; B = 0.023,
= 0.047) all showed significant positive relationships. For the
nal item the wider a motorbike was rated the more lapses a
river reported.

With respect to the errors, the biographical variables
ccounted for a significant proportion of the variability
R2 = 0.022, p < 0.001) with both age (B = −0.003, p = 0.002)
nd gender (B = −0.099, p = 0.001) showing negative relation-
hip indicating that older and male drivers report fewer errors.
he experience variables also increase the variability accounted

or (R2 = 0.017, p = 0.001) with each driving group reporting
ore errors than the dual drivers. Together the remaining DBQ

cales showed a significant effect (R2 = 0.405, p < 0.001) with
oth lapses (B = 0.400, p < 0.001) and violations (B = 0.220,

< 0.001) being positive. An increase in both lapses and vio-

ations is associated with an increase in errors.
Four motorcycles questions were included in the final stage

f the analysis (R2 = 0.044, p < 0.001). I perform all appro-

w
a
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i

Q25 −.028 .020
Q26 −.043 .001

riate visual checks. . . (Q2; B = −.083, p < 0.001) and When

aiting to turn at a junction. . . motorcycles are as easy to spot
s approaching cars (Q8; B = −0.013, p = 0.039) both showed
negative association with errors such that greater agreement

s related to fewer self-reported errors. At the same time,



9 sis an

.

c
m
(
c
e

s
B
a
p
f
l
a
d
g
a
b
p
i

o
c
i
m
B
B
p
c
B
i
F
t
a
(
v
o
B
c
F
l
t
l
a

4

o
r
m
a
e
d

o
i

m
t
a
o
t
b
h
e
a
e
a
w
t
B
d
t
t
t
l
(
c
t

t
a
o
a
t
s
a
i
d

l
t
u
n
a
f

c
a
a
e
c
a
t
r
w
i
b
a
t

90 D. Crundall et al. / Accident Analy

. . you can be suddenly surprised by the appearance of motor-
ycle from behind (Q16; B = 0.14, p = 0.049) and When in slow
oving traffic I am often surprised by motorcyclists filtering. . .

Q23; B = 0.017, p < 0.01) showed a positive relationship indi-
ating that agreement with these items is associated with more
rrors.

For violations the biographical variables accounted for a
ignificant proportion of the variability (R2 = 0.075, p < 0.001).
oth age and gender were significant, with age demonstrating
negative relationship (B = −0.011, p < 0.001) and gender a

ositive relationship (B = 0.245, p < 0.001). As age increases,
ewer violations are reported, and males report more vio-
ations than females. The experience variables significantly
ccounted for variability (R2 = 0.007, p = 0.024) but only the <2
rivers reported significantly fewer violations than the 10 + DD
roup (B = −0.247, p = 0.011). The remaining DBQ scales also
ccounted for an increase in variability (R2 = 0.168, p < 0.001)
ut only errors showed an individual relationship (B = 0.552,
< 0.001). This suggests that as the number of driving errors

ncreases so does the frequency of violations.
Nine of the motorbike items were entered in the last stage

f the regression analysis together accounting for a signifi-
ant proportion of the variability (R2 = 0.074). Five of these
tems showed significant positive relationships with violations;
otorcyclists are allowed to filter past stationary. . . traffic (Q5;
= 0.19, p = 0.032),. . . riding a motorcycle is enjoyable (Q17;
= 0.43, p < 0.001), When riding a motorcycle taking risks is

art of the thrill (Q9; B = 0.05, p < 0.001), It is easier to pass the
urrent motorcycle test than the current car driving test (Q18;
= 0.035, p = 0.018), and I have similar personal character-

stics to the average motorcyclist (Q19; B = 0.042, p < 0.001).
or each of these items the stronger the agreement the higher

he violations score. The remaining four items all showed neg-
tive relationships; I perform all appropriate visual checks. . .
Q3; B = −0.036, p = 0.47), motorcycles are easily hidden from
iew. . . (Q17; B = −0.026, p = 0.027), When a motorcyclists
vertakes a car. . . what size of gap should be left. . . (Q25;
= −0.028, p = 0.020) and What proportion of the width of a

ar does a motorcycle occupy (Q26; B = −0.043, p < 0.001).
or the first two of these items the stronger the agreement the

ower the number of reported violations. For the gap question
he results indicate the larger the gap the fewer violations. Simi-
arly the wider the motorcycle is perceived, the fewer violations
re reported.

. Discussion

In summary the results support the three factor structure
f the DBQ (Parker et al., 1995a). Scores on these scales
eflected previous research demonstrating that females report
ore lapses and males reporting more violations (e.g. Özkan et

l., 2006). Drivers with between 2 and 10 years driving experi-
nced reported the most violations. The two least experienced

river groups reported the most errors.

Experience appears related to errors. Only those drivers with
ver 10 years of driving experience had a significant reduction
n errors. Violations however appear to peak for drivers with a

m
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oderate amount of experience. While it is commonly perceived
hat newly qualified drivers may engage in more violations, it
ppears from our sample that violations only appear to increase
nce drivers have gained at least 2 years experience. Prior to this
hey are possibly more liable to be involved in an accident on the
asis of errors. Once they have gained confidence in their skills
owever, the number of self-reported violations rises. The very
xperienced drivers appear to have passed through this stage
nd have reduced their violations, perhaps because they have
xperienced the negative consequences of violations. Certainly
n underestimation of negative consequences has been linked
ith intentions to speed (Lawton et al., 1997), though it is often

he youngest drivers that report more violations (e.g. Porter and
erry, 2001). Unfortunately, definitions of young/inexperienced
rivers vary. In the Porter and Berry study (2001) they under-
ook a telephone survey of 880 drivers, asking them whether
hey had run a red light in immediate past. They reported that
he youngest driver group reported the highest number of red
ight violations, though this group incorporated 18–25 year olds
and was undertaken in the USA). This age band could overlap
onsiderably with the current 2–10 year group used in this study
hat reported a greater number of violations.

Fifteen of the 24 motorcycle items loaded onto four dis-
inct factors. The first factor contained predominantly negative
ttitudes towards motorcyclists. Items that loaded on the sec-
nd factor tended to represent responsible attitudes, suggesting
n understanding of the difficulties faced by motorcyclists. We
ermed this an empathic factor. A third factor grouped items that
uggested drivers were aware of perceptual problems that might
rise with car–motorcycle interactions, while the fourth factor
ncluded two items that referred to the spatial understanding of
rivers in relation to motorcycles.

Measures of internal reliability failed to reach an acceptable
evel for these factors so they cannot be considered scales, though
he grouping of these items still suggests that there is some
nderlying commonality to them. Though scale scores could
ot be compared as with the DBQ analyses, a series of manovas
nd mancovas were conducted on the items that loaded on each
actor.

Analyses performed on the negative attitudes toward motor-
yclists suggested that all driver groups have higher negative
ttitudes towards motorcyclists compared to the dual drivers,
nd in some cases it is the drivers with between 2 and 10 years
xperience who have the most negative attitudes towards motor-
yclists. This fits with the DBQ results that identified this group
s reporting the greatest number of violations. Three interac-
ions were noted for the law-abiding, fault, and repair items. The
esults suggest that negative attitudes decline more for females
ith over 10 years of driving experience. Experience of rid-

ng a motorcycle does little to improve their attitudes above and
eyond this. Males however show only a slight reduction of neg-
tive attitudes with increased experience. The major contributor
o a decline in male negative attitudes is experience of riding a
otorcycle. This suggests that different intervention strategies
ight be required for males and females. If only one intervention

trategy could be mounted however it would make sense to direct
his at the males as they report the greater number of violations.



sis an

I
a
d
s
p
s
c

t
c
h
d
a
d
s
e
c
t
e
t
a
n
m
l

r
a
o
c
s
m

i
T
r
i
m
p
o
w
o
c
a
r
o
t
p

r
A
m
i
c
g
m
c
o

A
d
w
t
t
a
1
v
r

t
t
l
w
s
m
m
a
(
m
d

m
v
s
a
t
a
s

c
w
v
b
m
t
b
a
t
i
p

r
m
a
f
r
v
b
m
e
c
e

D. Crundall et al. / Accident Analy

t is difficult to condense 10 years of motorcycle experience into
training intervention, however hazard perception training is

esigned to do just that from a driver’s perspective. Perhaps a
imilar training package using video clips from a motorcyclist’s
erspective could go some way to increasing drivers’ under-
tanding of the hazards that motorcyclists face from unobservant
ar drivers.

Analysis of the empathic attitudes revealed the dual driver
o have greater understanding of the need to search for motor-
yclists, possibly because they have direct experience of what
azards and difficulties motorcyclists face. The 10+ group
emonstrated that pure driving experience can improve these
ttitudes, though not as much as the combined experience of
ual drivers. Again this argues for exposing car drivers to the
ame sort of risks that motorcyclists might face in a controlled
nvironment such as a hazard perception test from a motorcy-
list’s perspective. One of the unexpected items to group with
his factor was the statement that motorcycles are easy to spot
ven against a cluttered background. This may however reflect
he belief that one should still be able to spot motorcycles against
cluttered background provided enough effort is exerted. Alter-
atively it may reflect the dual drivers’ greater abilities to spot
otorcycles due to their enhanced expectations through pro-

onged exposure to them.
Analysis of the perceptual problems suggested that females

eport greater difficulties with spotting motorcycles at junctions
nd estimating their speed. All driver groups with no experience
f riding a motorcycle reported that motorcycles were diffi-
ult spot at junctions. Analysis of spatial understanding scores
uggested that females give larger estimates of the width of a
otorcycle compared to males.
In addition to these factor items, the items that were not

ncluded in the factors were subjected to univariate analysis.
he interesting results included: (1) dual drivers gave higher

atings for performing all appropriate visual checks when driv-
ng; (2) the least experienced drivers believed it was easier for

otorcyclists to make sudden swerves to avoid accidents com-
ared to car drivers; (3) dual drivers agreed more strongly than
ther drivers that motorcyclists take greater precautions in wet
eather compared to car drivers; (4) females gave higher ratings
n a number of items relating to an inability to spot motorcy-
les; (5) drivers without any motorcycle experience believed that
motorcyclist should ride closer to the gutter compared to the

esponses given by the dual driver group; and (6) drivers with-
ut any motorcycle experience also agreed more strongly than
he dual driver group with the statement that motorcyclists often
erform inappropriate manoeuvres.

The regression against near accidents revealed the least expe-
ienced group to report fewer near accidents than the dual drivers.
ll DBQ factors had a significant role, with errors and lapses
ost strongly related to near accidents. Only one motorcycle

tem contributed to the model. ‘I perform all appropriate visual
hecks. . .’ was however positively related to near accidents sug-

esting that those drivers who report more near accidents are
ore aware of the visual demands of driving. This relationship

ould occur for two reasons. Either those drivers who report a lot
f near accidents quickly learn that visual checks are necessary.

t
i
a
c

d Prevention 40 (2008) 983–993 991

lternatively they may be more likely to recognise near acci-
ents because of their high level of visual skills, whereas drivers
ho perform fewer visual checks may be oblivious to some of

he accidents that they come close to having. This raises impor-
ant issues for previous research that has attempted to use near
ccidents as a surrogate for real accidents (e.g. Underwood et al.,
999) as the latter hypothesis would argue against the common
iew that the frequency of near-accidents and real accidents are
elated in a straight-forward manner.

Regression analyses were conducted in an attempt to predict
he DBQ factors (errors, lapses and violations) from responses
o the motorcycle items. Those respondents that reported more
apses typically reported less awareness of motorcycles in inter-
eaving streams of fast moving traffic, and were more often

urprised by filtering motorcyclists, despite being aware that
otorcyclists engage in this behaviour. Greater estimates of
otorcycle width were also positively related to lapses. It

ppears that some drivers may have the knowledge in place
e.g. that motorcyclists may filter through traffic) yet this
ay not translate into their actual attentive behaviour during

riving.
For errors, age and experience were key predictors (with older

ale drivers reporting fewer errors). Drivers who reported fewer
isual checks, and acknowledged that motorcycles are difficult to
pot at junctions also reported more errors. Surprise at overtaking
nd filtering motorcycles also predicted errors. This suggests
hat error-prone drivers are aware that they do not perform all
ppropriate visual checks, and are therefore surprised by the
udden appearance of some motorcycles.

The pattern for predicting violations supported the earlier
onclusion that violations occur more in males and decrease
ith age (though it is the 2–10 group that account for most
iolations). Car drivers who report a lot of violations tend to
elieve themselves to be similar in characteristics to the average
otorcyclist, and believe they would enjoy motorcycling. From

his one can imagine that these drivers transfer their own risky
ehaviour onto the stereotypical motorcyclist, perceiving them
s thrill seekers. In reality, our sample of dual drivers reported
he fewest violations, suggesting that this violator viewpoint
s incorrect. Challenging this biased attitude could provide a
otential focus for future research.

Violators are likely to believe that motorcycles can fit through
elatively narrow gaps, and may therefore be unlikely to make
ore space available for an overtaking motorcyclist. They may

lso underestimate the possibility that motorcycles can be hidden
rom view by other traffic or parts of the road environment, and
eport fewer appropriate visual checks. We do not suggest that
iolators specifically avoid making all appropriate visual checks,
ut underlying factors such as chosen speed and headway may
ake render all appropriate visual checks impossible. It is inter-

sting that violators appear to be aware of their reduced visual
hecks, as this suggests that information campaigns targeted at
ncouraging specific visual checks may not be successful with

hese drivers. If self-reported violators are aware that their driv-
ng style precludes all appropriate visual checks, then providing

specific visual strategy may not work unless the underlying
ause of why these drivers commit violations is also tackled.
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In conclusion, dual drivers with over 10 years of experience
f both motorcycles and cars have very different responses to the
ther driver groups, reflecting a different underlying schema for
ar–motorcycle interactions. As previous research has reported
hat dual drivers are less likely to have collisions with other

otorcyclists while driving a car (Magazzù et al., 2006), the
urrent dual driver group (10 + DD) have been assumed to pro-
ide the gold standard for all other drivers to strive toward.
hile this may not hold for every driving-related behaviour,

t seems a valid assumption for specific behaviours related to
ar–motorcycle interactions. Comparisons with this dual driver
roup have demonstrated that other drivers have more negative
ttitudes toward motorcyclists, though some of the car drivers
ay not perceive these attitudes to be negative. A driver that

ees motorcyclists as thrill seekers may actually aspire to ride
motorcycle for the same reason. While it is undoubtedly true

hat some motorcyclists may reflect this stereotype, the highly
xperienced sample of dual drivers that contributed to this study
id not. The items that differed between dual drivers and car
rivers covered the range of knowledge, attitudes and percep-
ual skills. All of these items can be addressed independently
ith future research. One of the other interesting findings was

he usefulness of a simple item that asked respondents about the
requency of visual checks. Participants do seem to have insight
nto the efficacy of their visual checks, as their responses relate
o the DBQ factors in a sensible pattern.
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ppendix A. Twenty-six items (1–2 are general driving,
–26 are motorcycle specific)

1 ‘I do find driving a car is enjoyable and rewarding.’
2 ‘I perform all appropriate visual checks when driving or riding, e.g. mirror
use, blind-spot checks, etc.’

3. ‘When driving in interweaving streams of fast moving traffic with many
other drivers often changing lanes I am constantly aware that motorcycles
can be more difficult to spot than under normal driving conditions.’

4 ‘It is easier for motorcyclists to make sudden swerves to avoid an accident
than car drivers.’

5 ‘Motorcyclists are allowed to ‘filter’ past stationary or slow moving traffic.
6 ‘It is difficult to estimate the speed of approaching motorcycles while
waiting to turn at a junction onto a main carriageway.’

7 ‘I do (or expect that I would) find riding a motorcycle is enjoyable and
rewarding.’

8 ‘When waiting to turn at a junction onto a main carriageway I find that
approaching motorcycles are as easy to spot as approaching cars.’

9 ‘When riding a motorcycle, taking risks is part of the thrill.’

10 ‘Motorcycles are as easy to see at night as cars.’
11 ‘Motorcyclists tend to have headlights on more often than car drivers in
the daytime to increase visibility.’

12 ‘Other motorists should take extra care to look for motorcyclists.’
13 ‘The average motorcyclist takes greater precautions than the average car
driver in wet weather conditions.’

14 ‘Motorcyclists often perform manoeuvres that are inappropriate.’

L
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15 ‘When a car and a motorcycle collide it is typically the fault of the
motorcyclist.’

16 ‘On the open road you can be suddenly surprised by the appearance of a
motorcycle coming from behind you.’

17 ‘Motorcycles are easily hidden from view by parked vehicles and other
parts of the road environment, e.g. buildings or overgrown vegetation.’

18 ‘It is easier to pass the current motorcycle test than the current car driving
test.’

19 ‘I have similar personal characteristics to the average motorcyclist.’ This
is regardless of whether you actually ride a motorcycle yourself.

20 ‘Motorcycles are usually easy to spot even against a ‘cluttered’
background (containing road signs, adverts, etc.)’

21 ‘It costs less to repair the average motorcycle after a minor accident,
compared with an average car.’

22 ‘Car drivers are typically more law-abiding than motorcyclists.
23 ’When in slow moving traffic I am often surprised by motorcyclists
filtering through the traffic.’

24 Motorcycles should travel in which of the following positions within a
lane?

25 When a motorcyclist overtakes a car at 40 mph what size of gap should
be left between the car and the passing motorcycle in order to remain safe?
(Response options ranged from 1 to 7 feet)

26 ‘What proportion of the width of a car does a motorcycle occupy?’ (e.g.
20% would indicate that a motorcycle was a fifth of the width of a car and
100% would mean it was the same width as the car) (Response options
ranged from 10 to 70%)
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