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a b s t r a c t

Singapore crash statistics from 2001 to 2006 show that the motorcyclist fatality and injury rates per
registered vehicle are higher than those of other motor vehicles by 13 and 7 times, respectively. The crash
involvement rate of motorcyclists as victims of other road users is also about 43%. The objective of this
study is to identify the factors that contribute to the fault of motorcyclists involved in crashes. This is done
by using the binary logit model to differentiate between at-fault and not-at-fault cases and the analysis
is further categorized by the location of the crashes, i.e., at intersections, on expressways and at non-
intersections. A number of explanatory variables representing roadway characteristics, environmental
factors, motorcycle descriptions, and rider demographics have been evaluated. Time trend effect shows
that not-at-fault crash involvement of motorcyclists has increased with time. The likelihood of night
time crashes has also increased for not-at-fault crashes at intersections and expressways. The presence
of surveillance cameras is effective in reducing not-at-fault crashes at intersections. Wet-road surfaces
increase at-fault crash involvement at non-intersections. At intersections, not-at-fault crash involvement
is more likely on single-lane roads or on median lane of multi-lane roads, while on expressways at-fault
crash involvement is more likely on the median lane. Roads with higher speed limit have higher at-fault

crash involvement and this is also true on expressways. Motorcycles with pillion passengers or with higher
engine capacity have higher likelihood of being at-fault in crashes on expressways. Motorcyclists are more
likely to be at-fault in collisions involving pedestrians and this effect is higher at night. In multi-vehicle
crashes, motorcyclists are more likely to be victims than at-fault. Young and older riders are more likely
to be at-fault in crashes than middle-aged group of riders. The findings of this study will help to develop
more targeted countermeasures to improve motorcycle safety and more cost-effective safety awareness

raini
program in motorcyclist t

. Introduction

In Singapore, motorcycles constitute about 19% of the vehicle
opulation but account for 36% of the total crashes. Furthermore,
otorcyclists account for 50.2% of all road fatalities and 53.1% of

njured victims. As shown in Fig. 1, motorcycles are overrepresented
onsistently in the road traffic crashes. While the crash rate of cars
nd heavy vehicles has declined in recent two years, the rate for
otorcycles has remained almost the same. Over this time period,
he fatality and injury rates of motorcyclists per registered vehicle
re respectively 13 and 7 times higher than those of other motor
ehicles. Huang et al. (2007) have also reported that the odds of
eing injured are 2.63 times higher among motorcyclists than for
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drivers of light vehicles. Moreover the crash involvement rate of
motorcyclists as victims is also about 43%. However, despite this
safety concern, there are very few studies in Singapore that address
the specific safety problems of motorcyclists.

Recent research on motorcycle safety tends to develop mainly
in two different directions, first on crash severity and next on crash
risk. For example, Branas and Knudson (2001), Evans and Frick
(1988), Gabella et al. (1995) and Ouellet and Kasantikul (2006)
have examined severity based on helmet usage while Quddus et
al. (2002), Shankar and Mannering (1996), Pai and Saleh (2007),
Savolainen and Mannering (2007a) have examined specific road-
way, environmental and human-vehicle factors which influence the
crash severity. On crash risk, Yuan (2000), Zador (1985), Williams
and Hoffmann (1979) have considered the problem of conspicuity,
Kim et al. (2000) and Turner and Georggi (2001) have examined

the alcohol impairment, Haque et al. (in press) have investigated
the problem of over-exposure at signalized intersections. Crash
risk has also been found to have significant association with the
rider-motorcycle characteristics such as rider age (Harrison and
Christie, 2005; Rutter and Quine, 1996), rider sex (Lin et al.,

http://www.sciencedirect.com/science/journal/00014575
http://www.elsevier.com/locate/aap
mailto:mmh@nus.edu.sg
mailto:cvechc@nus.edu.sg
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Fig. 1. Year trend of Crashes per 10,000 registered vehicles.

003; Mannering and Grodsky, 1995), riding experience (Sexton
t al., 2004; Savolainen and Mannering, 2007a), riding exposure
Mannering and Grodsky, 1995; Lin et al., 2003), and engine capacity
Harrison and Christie, 2005).

These studies provide useful information on the contributing
actors based on the perspective of risk and injury severity. How-
ver, they do not consider whether the motorcyclist involvement is
ue to their fault or not.

In other traffic safety studies, researchers have found it nec-
ssary to distinguish at-fault and not-at-fault crashes in their
nalyses. For example, Stamatiadis and Deacon (1995) have exam-
ned the effect of age on the crash propensity by considering at-fault
nd not-at-fault cases. Yan et al. (2005) have explored the charac-
eristics of rear-end crashes at signalized intersections and found
ifferent factors to influence at-fault and not-at-fault crashes. Kim
nd Li (1996) have examined the factors affecting the fault of drivers
n motor-vehicle and bicycle collisions.

In fact, the case of who is at-fault is even more important
n motorcycle crashes. Waller et al. (1968), Foldvary (1967) and
ehmann (1962) have pointed out that motorcyclists are more likely
o be the victims in a crash rather than the guilty party. Savolainen
nd Mannering (2007a) have reported that the likelihood of fatal-
ty is 126% higher when the motorcyclist is at-fault. Kim and Boski
2001) have identified specific contributing factors in two-vehicle
rashes where the motorcyclists are at-fault.

It appears that without addressing the issue of whether the
otorcyclists are at-fault or not, the true interpretation on the

auses of motorcycle crashes may not be properly investigated.
ence it may be difficult to recommend effective corrective mea-

ures to improve the motorcycle safety and any program to bring
bout behavior modification among motorcyclists may not be fruit-
ul.

This may explain why many rider training programs are found
o be ineffective (Mortimer, 1988; Jonah et al., 1982; Staten, 1980).
ndeed, Savolainen and Mannering (2007b) have reported that the
iders in Indiana who took the rider training courses are more likely
o involve in crashes than those who had not taken the courses.
he likelihood of crashes was found to be even higher among those
ho have taken the courses more than once. Therefore, there may

e still lack of understanding of the causal factors that contribute
o crashes due to motorcyclist negligence. Hence a comprehen-
ive understanding on the fault of motorcyclists during the crash
nvolvement may be helpful in this regard.

Moreover, whether the motorcyclists are at-fault or not and
ndeed which factors affect motorcycle crashes, may also differ

ccording to where the crashes occur. Crash statistics in Singa-
ore show that about 28% and 25% of motorcyclists are involved

n crashes at intersections and expressways, respectively. Crash
nvolvement characteristics may be different at different location
ypes. For example, the higher power-to-weight ratio of motorcy-
d Prevention 41 (2009) 327–335

cles (Elliot et al., 2003) coupled with violations of motor vehicles
can increase the exposure of motorcyclist hazards at intersections
(Haque et al., in press; Preusser et al., 1995; Hurt et al., 1981). This
may explain why at intersections, 58% of the motorcyclists are vic-
tims but on expressways, only 33% are victims.

The objective of this paper is to identify the key factors that con-
tribute to motorcycle crashes by explicitly considering whether the
motorcyclists are at-fault or not in the crash. This is carried out by
formulating a logit model, based on the binary response of whether
the motorcyclist is at-fault or not, to explain how variations in
roadway characteristics, environmental factors, as well as rider and
motorcycle characteristics will influence the crash involvement. To
examine these factors more specifically, the analysis is undertaken
by categorizing the crashes into location types, i.e., at intersections,
on expressways and elsewhere (denoted as non-intersections).

2. Methodology

Using the outcomes: at-fault or not-at-fault as the response vari-
able, the problem can be well formulated using the binary logit
model. In any given motorcycle crash, it is reasonable to expect
that rider can be identified either as the at-fault party or not-at-
fault party. Let, Tin be a linear function of covariates that determine
the likelihood of crash-involved motorcyclist n’s having discrete
outcome i as,

Tin = �iXin + εin (1)

where Tin is a fault function determining the fault category
(e.g., crash-involved motorcycle is at-fault party or not-at-fault
party); Xin is a vector of measurable characteristics that determine
outcome i (e.g., roadway characteristics, environmental factors,
motorcyclist’s attributes, and so on); �i is a vector of estimable
parameters; εin is an error term. McFadden (1981) has shown if εin
follow generalized extreme value distribution, the logit formulation
results will be,

Pn(i) = exp[�iXin]
∑

I exp[�iXin]
(2)

where Pn(i) is the probability that the crash-involved motorcyclist n
has a particular discrete outcome category i from the set of all out-
come categories I. It should be noted that if the error term, εin follow
normal distribution, the Probit formulation will result. However,
both formulations are suitable but the logit formulation is selected
as both formulations give very similar results. The model in the Eq.
(2) can be estimated by the Standard Maximum Likelihood methods
(See Washington et al., 2003, for details on the model estimation).

To evaluate the statistical significance of separating motorcycle
crashes in three location types, namely: intersection, expressway,
and non-intersection, the likelihood ratio test can be conducted.
The likelihood ratio statistic, X2 (see Washington et al., 2003) is
defined as,

X2 = −2[LL(ˇF) − LL(ˇI) − LL(ˇE) − LL(ˇN)] (3)

where LL(ˇF) is the log-likelihood at convergence of the aggre-
gate model estimated with data from all locations, LL(ˇI) is the
log-likelihood at convergence of the model using the intersection
data, LL(ˇE) is the log-likelihood at convergence of the model using
the expressway data, and LL(ˇN) is the log-likelihood at conver-
gence of the model using the non-intersection data. The likelihood
ratio statistic is assumed to be �2 distributed with degrees of free-
dom equal to the sum of the number of the estimated parameters

in all the disaggregate models (i.e., intersection, expressway, non-
intersection) minus the number of the estimated parameters in the
aggregate model.

The next step is to identify the subset of independent variables
which yield the most parsimonious model. In order to select the
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Table 1
Explanatory variables included in the models.

Explanatory variables Description of the variables Intersection Expressway Non-intersection

Mean Standard
deviation

Mean Standard
deviation

Mean Standard
deviation

Time trend Month of crash (assuming that January
2001 = 1 to December 2006 = 72)

31.718 21.118 37.634 21.039 36.361 21.669

Night time indicator If crash between 1900 and 0700 = 1,
otherwise = 0

0.434 0.496 0.356 0.479 0.388 0.487

Presence of
surveillance cameraa

If camera exists at crash location = 1,
otherwise = 0

0.061 0.240 0.018 0.132 0.008 0.091

Wet surface If crash on wet-road surface = 1,
otherwise = 0

0.095 0.293 0.241 0.428 0.112 0.315

Lane position
Single lane If crash is on single lane = 1,

otherwise = 0
0.114 0.317 0.044 0.204 0.195 0.396

Curb lane* If crash is on curb lane = 1, otherwise = 0 0.271 0.444 0.380 0.485 0.327 0.469
Median lane If crash is on right lane = 1,

otherwise = 0
0.292 0.455 0.291 0.454 0.295 0.456

Others lane If crash is on center lane = 1,
otherwise = 0

0.323 0.468 0.285 0.452 0.182 0.386

Speed limit
≤40 km/h If speed limit ≤40 km/h = 1,

otherwise = 0
0.019 0.136 0.003 0.054 0.036 0.187

50 km/h If speed limit 50 km/h = 1, otherwise = 0 0.902 0.298 0.104 0.306 0.832 0.373
70 km/h* If speed limit 70 km/h = 1, otherwise = 0 0.077 0.267 0.014 0.117 0.108 0.311
>70 km/h If speed limit >70 km/h = 1,

otherwise = 0
0.002 0.048 0.879 0.326 0.023 0.150

Rider age Continuous 32.764 13.101 32.940 11.936 32.571 13.200
Rider sex If rider is male = 1, otherwise = 0 0.972 0.166 0.972 0.164 0.973 0.161
Pillion passenger If a pillion passenger involved = 1,

otherwise = 0
0.184 0.388 0.187 0.390 0.165 0.371

Rider race
Chinese If rider is Chinese = 1, otherwise = 0 0.559 0.496 0.543 0.498 0.534 0.499
Malay If rider is Malay = 1, otherwise = 0 0.330 0.470 0.306 0.461 0.330 0.470
Others* If rider is other race = 1, otherwise = 0 0.110 0.313 0.151 0.358 0.136 0.343

Licence class
Class 2B If rider at beginner licence = 1,

otherwise = 0
0.791 0.406 0.824 0.381 0.796 0.403

Class 2A If rider at intermediate licence = 1,
otherwise = 0

0.105 0.307 0.090 0.287 0.102 0.303

Class 2* If rider at advanced licence = 1,
otherwise = 0

0.104 0.305 0.085 0.280 0.101 0.302

Engine capacity Continuous 185.255 145.781 178.514 137.851 188.311 152.248
Registrationb If motorcycle registered other than

Singapore = 1, otherwise = 0
0.128 0.334 0.209 0.407 0.061 0.239

Headlight If headlight is on during crash = 1,
otherwise = 0

0.937 0.244 0.929 0.258 0.930 0.255

Pedestrian If pedestrian involved in crash = 1,
otherwise = 0

0.019 0.137 0.003 0.056 0.061 0.239

Multi-vehicle If multi-vehicle collision = 1,
otherwise = 0

0.896 0.306 0.573 0.495 0.612 0.487

*
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Reference category for categorical independent variables.
a Represents red-light camera at intersection but speed camera at expressway an
b A large number of motorcyclists from Malaysia enter into Singapore for work ev

ppropriate explanatory variables, the Akaike’s Information Criteria
AIC) developed by Akaike (1973), is used. The AIC is defined as

IC = −2LL(ˇ) + 2k (4)

here LL(ˇ) is the log-likelihood value of the model at conver-
ence, and k is the number of variables included in the model.
he better model will result a smaller AIC value. Starting with
he full set of independent variables, a systematic procedure
as been followed to eliminate insignificant variables one at a
ime by comparing the corresponding AIC values until the model
ith minimum AIC value is found. Moreover, to measure the
verall goodness-of-fit, the deviance value, i.e., 2(LL(ˇ)–LL(C)))
here LL(C) is the log-likelihood of the model with the constant

erm only, which follows a �2 distribution has been used for
esting overall goodness-of-fit (Agresti, 1990). The log-likelihood
atio �2, i.e., 1 − LL(ˇ)/LL(C) is also used to justify the addi-
-intersection.
y because of geographical proximity.

tional variation of the obtained model to the constant term
model.

In order to interpret the effect of coefficient estimation, the
exponential of the parameter estimates, i.e. exp(ˇ) is calculated to
obtain the odds ratio which indicates the effect of factor change
in the odds of an event occurring. For the categorical variables,
exp(ˇa − ˇb) is used to represent the odds ratios between two cat-
egories, a and b for comparison purposes.

The percentage change in the predicted probabilities for each
category is obtained by computing the effect of a unit change in
a continuous explanatory variable from its mean or value change

from 0 to 1 for a categorical variable while holding all other variables
at their mean. For variables with more than two categories, the
percentage change is computed based on a category change from
0 to 1 while holding other categories at 0 and all other variables at
the mean (Long and Freese, 2006).
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Table 2
Logit model estimates of significant variables for the not-at-fault crash involvement of motorcyclists.

Explanatory variables Intersection model Expressway model Non-intersection model

Beta Z statistics Beta Z statistics Beta Z statistics

Time trend 0.002 1.92 0.007 4.78 0.006 6.10
Night time indicator 0.131 2.44 0.248 3.97 – –
Surveillance camera −0.298 −2.75 – – – –
Wet surface – – – – −0.142 −2.02

Lane position
Single lane 0.228 2.41 −0.333 −1.74 0.012 0.19
Median lane 0.112 1.59 −0.211 −2.82 0.256 4.69
Other lane −0.060 −0.88 −0.063 −0.85 0.048 0.76

Speed limit
≤40 km/h – – −0.274 −0.33 0.479 3.59
50 km/h – – 0.365 1.19 0.042 0.60
>70 km/h – – −0.509 −1.77 −0.121 −0.75

Rider age 0.071 6.08 0.057 3.82 0.060 6.41
Square of rider age −0.001 −5.91 −0.001 −2.73 −0.001 −5.76
Pillion passenger – – −0.988 −1.96 – –

Licence class
Class 2B −0.178 −1.98 −0.454 −3.60 −0.209 −2.87
Class 2A −0.029 −0.25 −0.165 −1.16 −0.147 −1.53

Engine capacity – – −0.001 −3.21 – –
Registration – – −0.110 −1.45 – –
Pedestrian – – – – −0.357 −3.03
Multi-vehicle 1.810 18.40 1.365 20.50 1.709 33.82
Constant −2.593 −10.11 −3.073 −7.21 −2.817 −13.83

Number of observation 6408 5710 10662
Log-likelihood at zero −4359.20 −3599.34 −7193.97
Log-likelihood at convergence −4116.36 −3296.42 −6324.99
AIC 8256.72 6626.84 12679.98
Deviance value 485.67 (11 df) 605.84 (16 df) 1737.96 (14 df)
P
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-value for deviance <0.001 <0.001
og-likelihood ratio 0.056 0.084

–’ not found significant.

. Dataset for analysis

For this study, Singapore crash data maintained by the Singapore
raffic Police from 2001 to 2006 have been used. Singapore is a
eavily urbanized island country with an area of about 700 km2,
bout 3260 km of road and 150 km of expressways (in 2006). During
he 6-year period, there were 22,780 motorcycle crashes of which
408 occurred at intersections, 5710 crashes on expressways, and
he rest at non-intersections.

In this study the definition of at-fault or not-at-fault follows that
ncorporated in the traffic police crash report. The crash report
s prepared by the crash investigation team of the traffic police
epartment after crash reconstruction and forensic investigation.
he quality of traffic police crash report in Singapore is expected to
e better as the crash investigation team is a small group of people
ho are well trained for crash investigation. And that group of peo-
le investigates all of the crashes in Singapore. Given the rigorous
rash investigation process with the well trained crash investiga-
ion team, the possibility of reporting biasness is likely to be small.
im and Li (1996) have argued that the purpose of crash reporting is

o ascertain fault and the determination of fault is duty bound to be
ccurate. It is worth mentioning that fault, in some instances, may
e a combination of all the people involved in crashes. However,
ssigning fault to the riders, drivers, or others (e.g., pedestrians)
nvolved in crashes may be an effective way to examine and explore
rashes. A similar approach of analyzing fault using the traffic police
rash report has also been found elsewhere (Kim and Boski, 2001;

im and Li, 1996).

A total of 16 explanatory variables assumed to influence motor-
yclist fault are included in the model. As shown in Table 1, they
nclude roadway characteristics, environmental factors, motorcy-
le and rider characteristics as well as time effects. To capture the
<0.001
0.121

non-linear relationship between the crash involvement and age,
the square of rider age has been input to the model. The majority of
the variables included are categorical dummy variables that simply
indicate the existence of a certain condition. The variable indicates
the presence of surveillance camera variable shown in the Table 1
refers to the red-light camera at intersections but the speed camera
at expressways and at non-intersections. Beginner motorcycle rider
must be at least 18 years old. And the riders receive the beginner
licence (i.e., Class 2B) can ride motorcycle up to 200 cc. With 1 year
experience of riding with Class 2B they may try to get intermediate
licence (i.e., Class 2A) and can ride motorcycles up to 400 cc. With
further 1 year experience of riding with Class 2A they may try to get
advance licence (i.e., Class 2) and can ride motorcycles of any engine
capacity.

4. Results and discussions

Before estimating the model parameters for each location, it
is worthy to evaluate the statistical significance of separating
motorcycle crashes in three location types, namely: intersec-
tion, expressway, non-intersection. The likelihood ratio statistic
as shown in the Eq. (3) has been computed for this purpose. The
log-likelihood values at convergence for the location-specific mod-
els, i.e., intersection, expressway, non-intersection are −4110.56
(24 df), −3293.03 (24 df) and −6321.14 (24 df), respectively, while
the corresponding value for the aggregate model is −13795.90

(26 df). Note that the aggregate model is estimated with 22,780
observations with the location type (i.e., intersection, expressway,
non-intersection) as a categorical variable. The resulting X2 statis-
tic of 142.34 (P-value < 0.001) indicates that the location-specific
models are statistically better.
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Table 3
Odds ratio and marginal effects of significant variables.

Explanatory variables Intersection model Expressway model Non-intersection model

Odds ratio %Probability change Odds ratio %Probability change Odds ratio %Probability change

NFa AFa NF AF NF AF

Time trend 1.003 0.10 −0.14 1.007 0.50 −0.22 1.006 0.39 −0.24
Night time indicator 1.140 5.67 −7.35 1.281 18.64 −7.41 – – –
Surveillance camera 0.743 −12.62 17.66 – – – – – –
Wet surface – – – – – – 0.868 −8.60 5.36

Lane position
Single lane 1.256 9.61 −12.70 0.717 −21.10 10.05 1.012 0.78 −0.44
Median lane 1.119 4.78 −6.31 0.810 −13.70 6.53 1.292 16.92 −9.51
Other lane 0.942 −2.60 3.44 0.939 −4.21 2.01 1.049 3.08 −1.73

Speed limit
≤40 km/h – – – 0.760 −19.91 5.32 1.615 31.67 −18.48
50 km/h – – – 1.441 31.86 −8.52 1.043 2.69 −1.57
>70 km/h – – – 0.601 −45.90 12.27 0.886 −7.52 4.39

Rider age 1.074 2.99 −4.11 1.059 4.00 −1.74 1.062 3.76 −2.31
Square of rider age 0.999 −0.03 0.05 1.000 −0.03 0.01 0.999 −0.03 0.02
Pillion passenger – – – 0.372 −43.81 50.88 – – –

Licence class
Class 2B 0.837 −6.99 11.10 0.635 −25.95 16.61 0.811 −11.85 8.71
Class 2A 0.971 −1.14 1.81 0.848 −9.84 6.30 0.864 −8.35 6.14

Engine capacity – – – 0.999 −0.07 0.03 – – –
Registration – – – 0.896 −7.29 3.45 – – –
Pedestrian – – – – – – 0.700 −20.87 13.08
M
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ulti-vehicle 6.110 192.13 −52.19 3.915

–’ not found significant.
a (NF) not-at-fault and (AF) At-fault.

Based on the formulated logit model, the model parameters
ere derived using the maximum likelihood estimation. Table 2

hows the estimates of the logit models along with the crash prob-
bilities for the not-at-fault party at each of the locations. The
eviance value associated with crashes at intersections, express-
ays, and non-intersections is 485.7, 605.8, and 1737.9, respectively,
hich are well above the critical value for significance at the 5%

evel of significance. It means that all the models have sufficient
xplanatory power. The log-likelihood ratios presented in Table 2
or the models also indicate a reasonable level of fit.

Table 2 also shows the significant factors that are strongly asso-
iated with the fault of motorcyclists at the different location types
hich have been found by minimizing the AIC. The AIC value for

ntersection, expressway, and non-intersection model is 8256.72,
626.84, and 12679.98, respectively. At intersections, the time
rend, night time occurrence, presence of surveillance cameras, the
ane position, multi-vehicle crash occurrence, rider age, and licence
lass are all found to be significant. On the other hand, on express-
ays, the time trend, night time occurrence, lane position, speed

imit, multi-vehicle crash occurrence, the country of vehicle reg-
stration, rider age, engine capacity, riding with pillion passenger,
nd licence class are found to be significantly associated with fault

f motorcyclists. For non-intersections, the time trend, wet-road
urface, lane position, speed limit, multi-vehicle crash occurrence,
edestrian involvement, rider age, and licence class are significantly
ssociated with fault of motorcyclists.

able 4
otorcyclists’ fault in multi-vehicle crashes by time of the crash.

ocation Crash time Crash fault

Not-at-fault At-fau

ntersection
Night 1,667 887
Day 1,904 1,281

xpressway
Night 540 547
Day 895 1,290
164.01 −32.55 5.525 206.60 −44.52

The odds ratio and the percentage probability change from its
reference category are computed and presented in the Table 3 and
the results are discussed in the following sections.

4.1. Time effect

The time trend is found to be positive and significant in all loca-
tion types, indicating that there is an upward trend for motorcycle
involvement in crashes as the not-at-fault party. Although the crash
involvement of motorcyclists shows a downward trend (Fig. 1), the
not-at-fault crash involvements are in the upward trend. The prob-
ability of motorcycles being victims of crashes is increasing at a
rate of 0.10%, 0.50%, and 0.39% per month, respectively, at inter-
sections, on expressways, and at non-intersections. These results
suggest that some unmeasured factors are contributing to increas-
ing vulnerability of motorcyclists on the road. Further research is
needed to investigate this effect.

4.2. Night time crash occurrence

Night time crashes are found to significantly affect the fault of

motorcyclists both at intersections and on expressways. The results
show that night time influence increases the odds of motorcyclists
being involved in crashes as the not-at-fault party by 14% at inter-
sections and 28.1% on expressways. This may be due to reduced
conspicuity (e.g., Williams and Hoffmann, 1979) of motorcycles at

Odds ratio Chi-square P-value

lt

1.264
18.17 <0.001Reference

1.423
22.40 <0.001Reference
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Table 5
Motorcyclists’ fault in multi-vehicle crashes by lane position.

Location Lane position Crash fault Odds ratio Chi-square P-value

Not-at-fault At-fault

Intersection

Single 435 218 1.245 4.98 0.026
Curb 936 584 Reference
Median 1,079 603 1.116 2.26 0.133
Others 1,121 763 0.917 1.52 0.218

Expressway

Single 27 55 0.590 4.83 0.028
Curb 516 620 Reference
Median 428 581 0.885 1.96 0.162
Others 464 581 0.960 0.23 0.632
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Single 642
Curb 1,089
Median 1,149
Others 712

ight. As seen in Table 4, for multi-vehicle collisions, the odds of
otorcycles being involved in crashes as a victim due to faults of

ther road users increase by 26.4% and 42.3% in the night time
or intersections and expressways, respectively. Motorists often
ail to see the motorcycles in approach-turn collisions at inter-
ections (Hurt et al., 1984; Foldvary, 1967) and may not look out
or motorcycles (Mannering and Grodsky, 1995) during merging
t expressways. Illuminated headlight and bright clothing worn of
otorcyclists may be an effective intervention to reduce this type

f crash involvement.

.3. Presence of surveillance camera

The presence of surveillance cameras shows a negative effect for
he not-at-fault crash involvement of motorcyclists at intersections.
he presence of a red-light camera decreases the probability of not-
t-fault crashes by about 12.6% at intersections. Red-light cameras
re found to be effective in reducing red running and hence the
ight-angle collisions (Huang et al., 2006). Haque et al. (in press)
ave also reported that motorcycles are most exposed to red-light
unners due to their accumulation in front of the queue and dis-
harge earlier than other motor vehicles. The presence of cameras
ffectively reduces not-at-fault crash involvement by discouraging
ed runners. However, there is also an indication that the presence
f a surveillance camera increases the likelihood of at-fault crash
nvolvement. Huang et al. (2006) also reported that presence of a
ed-light camera may increase rear-end collisions. Quddus et al.
2002) argued that motorcyclists may have difficulties in respond-
ng when forward vehicles stop suddenly due to the presence of a
ed-light camera.

.4. Wet-road surface

Wet-road surfaces are not found to significantly affect the fault of
otorcyclists involved in crashes at intersection and expressways.

t non-intersections, there is an increase of likelihood of at-fault
rash involvement and a corresponding increase in odds by 1.15
imes than on dry road surface. Caliendo et al. (2007) have also
eported that wet pavements increase overall number of crashes.

hile this may be obvious, the indication that such crashes are
ontributed by motorcyclists fault suggests that motorcyclists need
o take more defensive actions while riding on wet surfaces.
.5. Lane position

The lane position on which the crash occurs is found to signif-
cantly affect the fault of motorcyclists on all three location types.
sing the curb lane as the reference, the likelihood of the not-at-
1.076 1.00 0.317
Reference
1.256 12.78 <0.001
1.005 0.01 0.941

fault crash involvement significantly increases in single-lane roads
and on the median lane at intersections with increased correspond-
ing probabilities of 9.6% and 4.8%, respectively. On single-lane roads,
the lane width is wider offering greater freedom for motorcyclists to
accumulate near the stop-line and hence more exposed to the con-
flicting traffic stream (Haque et al., in press) and thus more likely to
be victims. Haque et al. (in press) have also reported that motor-
cyclists use the unoccupied right-turn lane for queuing thereby
increasing their exposure to the conflicting stream. In multi-vehicle
crashes, the analysis as seen in Table 5 confirms that the odds
of being involved in not-at-fault crashes increases by about 24.5%
and 11.6% on single-lane roads or median lane of multi-lane roads,
respectively.

However, on expressways the median lane is found to increase
the likelihood of at-fault crash involvement and the corresponding
odds of at-fault crashes is 1.23 times higher. The speed is compara-
tively higher at median lane of expressways and this increases crash
risk (Lin et al., 2003), and may contribute to higher at-fault crash
involvement (Elliot et al., 2007). Moreover, in the multi-vehicle
crashes (see Table 5) the median lane is not found to be significant.
Hence, in single vehicle at-fault crashes on expressways, motorcy-
clists may be more likely to be involved on the median lane. This is
perhaps due to the loss of vehicle control at high speed (Preusser
et al., 1995) on expressways. Motorcyclists are also found to be at-
fault in crashes at single-lane configuration of the expressway and
this corresponds to the slip road or ramp. In this case, the corre-
sponding probability is about 10.1% higher than on the curb lane
of the expressways. On the other hand, in multi-vehicle crashes
(see Table 5) the corresponding odds of being at-fault are about 1.7
times higher than on the curb lane of the expressways. These sug-
gest that motorcyclists are more likely to make mistakes on the slip
road or ramp of expressways and are also likely to implicate other
road users.

On the other hand, at non-intersections, results show that
the likelihood of not-at-fault crash involvement increases on the
median lane by about 16.9%. This may be due to close following of
vehicles especially so on the median lane where the speed is com-
paratively higher than on other lanes. Motorcyclists may be less able
to respond well in any interruptions (Quddus et al., 2002). Results
in Table 5 also show that in multi-vehicle crashes, their odds of
involvement as victims increase by about 25.6%.

4.6. Road speed limit
The speed limit is found to significantly affect the fault of
motorcyclists both on expressways and at non-intersections. On
expressways, the odds of at-fault crash involvement at roads with
speed limit greater than 70 km/h is 66% higher than on roads with
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Table 6
Motorcyclists’ fault during collisions with pedestrians at non-intersection.

Time of day Collided with pedestrian Crash fault Odds ratio Chi-square P-value

At-fault Not-at-fault

Night
Yes 237 31 5.335
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No 2,280
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Yes 307
No 3,527

nly 70 km/h speed limit. This finding is consistent with those of
lliot et al. (2007) who reported that fast riding increases at-fault
rash involvement of motorcyclists. On the other hand, on 40 km/h
oads, there is higher not-at-fault crash involvement compared
o 70 km/h roads. On lower speed roads away from intersections,

otorcyclists tend to be more easily marginalized by other vehicles.

.7. Rider attributes

Rider age is found to significantly influence the fault of motorcy-
lists involved at crashes. Generally, rider age is negatively related
ith the at-fault crash involvement of the motorcyclists (i.e., as age

ncreases the likelihood of at-fault in crashes decreases). Previous
esearch suggests that younger riders have a stronger propensity of
isky behavior (Harrison and Christie, 2005; Lin et al., 2003; Rutter
nd Quine, 1996). Moreover, square of rider age has also found to be
ignificantly associated with fault of motorcyclists. It confirms the
xistence of a non-linear relationship between the rider age and
otorcyclists fault. To capture this, the log-odds of at-fault have

een plotted with the rider age and presented in Fig. 2. This indi-
ates that for all the location types the odds of at-fault are higher
or those who are at younger and older ends of the age spectrum.

iddle-aged (40–60 years) group of motorcyclists are less likely to
e found at-fault in crashes. Similar results also have been observed
or motorcyclists in motorcycle and motor-vehicle collisions (Kim
nd Boski, 2001). The plot also indicates that the motorcyclists are
ore likely to be at-fault at expressways and more vulnerable at

ntersections. The log-odds of fault graph of motorcyclists at inter-
ections are below zero up to age about 67 years which imply that
otorcyclists are more likely to be affected by other road users at

ntersections.
Motorcycles with pillion riders are also found to be significantly

nvolved in at-fault crashes on expressways. Relative to the case of
iding alone, the corresponding probability as the at-fault party is
bout 50.9% higher. Harrop and Wilson (1982) also reported that

illion passengers contribute to the cause of the crash when they

ail to act in unison with the rider and the motorcycle.
The class of rider licence is found to significantly affect the fault

f motorcyclists. Relative to the advanced licence rider group, the

ig. 2. Log-odds ratio of at-fault of motorcyclists involved in crashes at different
ocation.
91.74 <0.001591 Reference

71 3.210
83.39 <0.001618 Reference

beginner rider group is more likely to be at-fault during crashes
with higher odds of 20% at intersections, 57% on expressways and
23% on non-intersections. Inexperienced riders may not be aware of
potentially dangerous locations (Jonah et al., 1982) and are less able
to negotiating hazardous situations. While the finding is obvious,
it may imply that more needs to be done to make younger and
inexperienced riders safer on the roads.

4.8. Motorcycle attributes

Engine capacity of motorcycles is only found to be significant
in expressway crashes but not elsewhere. Higher engine capac-
ity gives rise to a higher likelihood of at-fault crash involvement.
The probability of each category is plotted with engine size and
presented in the Fig. 3. It clearly indicates that the fault of motorcy-
clists at expressway is increasing with the increase of engine size.
This is expected as the motorcycles with larger engine size tend to
attain higher speed on expressways and such riders are also more
likely to be aggressive and risk takers exhibiting speeding behavior.
Speeding has also been found to increase the at-fault crash risk of
motorcyclists elsewhere (Elliot et al., 2007).

Foreign-registered motorcycles are more involved in at-
fault crashes on expressways with odds about 11.6% higher
than Singapore-registered motorcycles. Most riders on foreign-
registered motorcycles enter Singapore to work on a daily basis
(Quddus et al., 2002). They may have traveled longer distances and
are subjected to fatigue in riding. Furthermore, different rider train-
ing standards as well as vehicle maintenance requirements may
have contributed to the riders being more at-fault in such crashes.

4.9. Collision type

Collisions involving pedestrian significantly contribute to at-
fault crash involvement of motorcyclists only at non-intersections,
with odds about 43% higher compared to non-pedestrian crashes.

Previous research (de Lapparent, 2006) suggests that motorcyclists
are less able to anticipate and to response to pedestrians, especially
to those who are less conspicuous at night. Results in Table 6 show
that the odds of being involved in collisions with pedestrians at
night as the at-fault party are 5.33 times higher compared to non-

Fig. 3. Relationship of fault with engine capacity of motorcyclists involved in crashes
at expressway.
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edestrian collisions while the corresponding odds at day are only
.2 times higher.

Relative to single-vehicle crashes, the likelihood of not-at-fault
rash involvement is found to increase in multi-vehicle crashes.
he corresponding odds of multi-vehicle crashes are about 6.1, 3.9,
nd 5.5 times for intersections, expressways, and non-intersections,
espectively. This finding confirms that motorcyclists are more
ikely to be the victim of other motorists in multi-vehicle collisions.
he exposure of motorcycles is very high at intersections (Haque
t al., in press). Moreover, the motor vehicles from the conflicting
tream often fail to grant the motorcyclist’s right of way (Clarke et
l., 2007; Preusser et al., 1995; Hurt et al., 1981). Multi-vehicle colli-
ions analysis may help to find the appropriate factors that increase
heir vulnerability in multi-vehicle crashes.

. Implications

The study has identified several significant factors for at-fault as
ell as the not-at-fault crash involvement of motorcyclists. These
ndings will be helpful in designing corrective programs related to
ider education and traffic enforcement for the motorcyclists. The
ndings related to the not-at-fault crash involvement will also help
iders to be more aware of the potential dangerous situations.

Our study has shown that motorcyclists are more likely to be
nvolved in night time crashes as the not-at-fault party both at
ntersections and expressways due to their reduced conspicuity.

good follow up corrective program is to encourage motorcyclists
o increase their visibility by wearing reflective clothing and using
lluminated headlight. Using of different retro reflective markings
n the motorcycles and helmets may also increase their visibility
t night. In Singapore, all riders including pillion passengers gener-
lly use helmets throughout their trips due to tough enforcement
f laws on mandatory helmet use. This is also true for using the
eadlight of motorcycles during the daytime. However, there is no

egislation for using the reflective clothing or retro reflective signs
n motorcycle and helmets. Hence introducing some form of leg-
slation on the use of reflective markers and clothing may help to
educe motorcycle crashes.

The study also shows that the presence of red-light cameras
t intersections reduces vulnerability of motorcyclists at intersec-
ions. Another corrective program that can be considered is for
he road authority to install red-light cameras at sites with high

otorcycle traffic. Moreover, the cost benefit analysis for installing
ed-light cameras should take into account specific input on motor-
ycle crashes.

The findings of this study also indicate that the excess exposure
f motorcyclists at intersections lead them to be victims of other
otorists. Rider training or awareness programs should include

ducation on correct movement and queuing at intersections. Cur-
ently there are limited practices in the riding schools for guiding
he motorcyclists on queuing at junctions.

Our study has shown that the riders are at-fault in a number
f critical situations, in particular, high speed riding on express-
ays, riding with pillion passengers at expressways, and riding on
et-road surface away from intersections. Rider education or safety

wareness programs may be designed to deal with these issues. Cur-
ently rider training centers in Singapore focus on developing good
iding skills on normal road conditions without expose the trainees
o these hazardous conditions. The only expose to wet surfaces is
n emergency braking. The curriculum should incorporate different

aneuvers on wet surfaces as well as riding on expressways.

Collisions involving pedestrians have been found to lead motor-

yclists to be involved in at-fault crashes and this effect is higher
t night. Rider training programs may be targeted to improve their
kills to react quickly in any surprise conditions. The skill of simul-
aneous application of front and rear wheel brakes in different
d Prevention 41 (2009) 327–335

maneuvering conditions may be helpful in this regard. Currently
the riding simulators in the riding centers do not have such scenar-
ios of conflicting with pedestrians for day and night time. Hence
this can be simulated in the simulators to make them well prepare
to react quickly in this type of surprising situation.

It has been found that the very young and very old riders are
more likely to be at-fault in crashes. This is also particularly true
for the beginners. Hence this group of riders should be targeted for
safety improvement. This can be done by arranging safety talks and
programs in motorcycling clubs in colleges and universities as well
as community riding clubs with high proportion of elderly riders.

It is recommended that the driving centers may use the findings
of this study to include in licensure program to make motorcyclists
more aware of the different factors which expose the motorcyclists
to crash risks so that more defensive riding may be needed.

6. Conclusion

This study uses the binary logit model to model the fault of
motorcyclists involved in crashes. To get a more holistic picture of
crash causation, the fault of motorcyclists was analyzed at inter-
sections, on expressways, and at non-intersections. It is found that
location types have varying effects on the contributing factors of
motorcycle crash-involvement.

Motorcyclists are found to be more vulnerable during night time
at both intersections and expressways. The presence of surveillance
cameras is found to reduce the not-at-fault crash involvement at
intersections. Riding in the median lane, higher engine capacity and
riding with a pillion passenger are found to increase the likelihood
of at-fault crashes on expressways. Higher speed roads, wet-road
surface and collision with pedestrian are found to increase the like-
lihood of at-fault crashes at non-intersections with the effect of
collision involving pedestrians higher at night. The motorcyclists
are more likely to be a victim in multi-vehicle crashes at all the
locations. Young and older riders are more likely to be at-fault in
crashes than middle-aged group of riders. Similarly, the beginner
rider licence group of riders is more likely to be at-fault in crashes.

One of the possible extensions of this research is to analyze the
fault of both motorcyclists and other motorists or pedestrians, bicy-
cles involved in multi-vehicle collisions at different location types.
The understanding of the fault at multi-vehicle collisions may help
to design of more effective strategies for improving motorcycle
safety. Another possible scope of research is from methodological
approach. The model in this study has assumed that the estimated
parameters are the same for all observations. However incorporat-
ing the possible randomness in the parameter estimation either
in the form of mixed logit (Gkritza and Mannering, 2008) or hier-
archical formulation (Huang et al., 2007) may improve the model
accuracy. An extension of this paper is to incorporate the possible
random effects in the parameter estimations.

Acknowledgements

The authors would like to thank Mitsui Sumitomo Insurance
Welfare Foundation for their financial support to conduct this
research. The findings of this paper do not necessarily reflect the
view point of that welfare foundation.

References
Agresti, A., 1990. Categorical Data Analysis. Wiley, New York.
Akaike, H., 1973. Information theory and an extension of the maximum likeli-

hood principle. In: Second International Symposium on Information Theory,
Academiai Kiado, Budapest.

Branas, C.C., Knudson, M.M., 2001. Helmet laws and motorcycle rider death rates.
Accid. Anal. Prev. 33, 641–648.



ysis an

C

C

d

E

E

E

F

G

G

H

H

H

H

H

H

H

J

K

K

K

L

L

M.M. Haque et al. / Accident Anal

aliendo, C., Guida, M., Parisi, A., 2007. A crash-prediction model for multilane roads.
Accid. Anal. Prev. 39, 657–670.

larke, D.D., Ward, P., Bartle, C., Truman, W., 2007. The role of motorcyclist and other
driver behaviour in two types of serious accident in the UK. Accid. Anal. Prev. 39,
974–981.

e Lapparent, M., 2006. Empirical Bayesian analysis of accident severity for motor-
cyclists in large French urban areas. Accid. Anal. Prev. 38, 260–268.

lliot, M.A., Baughan, C.J., Broughton, J., Chinn, B., Grayson, G.B., Knowles, J., Smith,
L.R., Simpson, H., 2003. Motorcycle safety: A Scoping Study. TRL Report 581,
Transportation Research Laboratory, Crowthorne, England.

lliot, M.A., Baughan, C.J., Sexton, B.F., 2007. Errors and violations in relation to
motorcyclists’ crash risk. Accid. Anal. Prev. 39, 491–499.

vans, L., Frick, M.C., 1988. Helmet effectiveness in preventing motorcycle driver and
passenger fatalities. Accid. Anal. Prev. 20, 447–458.

oldvary, L.A., 1967. A method of analysing collision accidents: tested on victorian
road accidents of 1961 and 1962 (Part 1). Aust. Road Res. 3, 22–28.

abella, B., Reiner, K.L., Hoffman, R.E., Cook, M., Stallones, L., 1995. Relationship of
helmet use and head injuries among motorcycle crash victims in E1 Paso country,
Colarado, 1989–1990. Accid. Anal. Prev. 27, 363–369.

kritza, K., Mannering, F.L., 2008. Mixed logit analysis of safety-belt use in single-
and multi-occupant vehicles. Accid. Anal. Prev. 40, 443–451.

aque, M.M., Chin, H.C., Huang, H.L. Examining exposures of motorcycles at signal-
ized intersections. Transportation Res. Rec., in press.

arrison, W.A., Christie, R., 2005. Exposure survey of motorcyclists in new South
Wales. Accid. Anal. Prev. 37, 441–451.

arrop, S.N., Wilson, R.Y., 1982. Motorcycle fatalities in south west Columbia. Injury
13, 382–387.

uang, H., Chin, H.C., Haque, M.M., 2007. Severity of driver injury and vehicle damage
in traffic crashes at intersections: a Bayesian hierarchical analysis. Accid. Anal.
Prev. 40, 45–54.

uang, H., Chin, H.C., Heng, H.H., 2006. Effect of red light camera on accident risk at
intersections. Transportation Res. Rec. 1969, 18–36.

urt, H.H., Hancock, P.A., Thom, D.R., 1984. Motorcycle-automobile collision pre-
vention through increased motorcyclist frontal conspicuity. In: The 28th
Proceedings of the Human Factors Society, Vancouver, Canada.

urt, H.H., Ouellet, J.V., Thom, D.R., 1981. Motorcycle Accident Cause Factors and
Identification of Countermeasures. Volume 1, Technical Report, DOT HS-5-01160,
Traffic Safety Center, University of Southern California, Los Angeles, California.

onah, B.A., Dawson, N.E., Bragg, B.W.E., 1982. Are formally trained motorcyclists
safer? Accid. Anal. Prev. 14, 247–255.

im, K., Boski, J., 2001. Finding fault in motorcycles crashes in Hawaii environmental,
temporal, spatial, and human factors. Transportation Res. Rec. 2295, 182–188.

im, K., Kim, S., Yamashita, E., 2000. Alcohol-impaired motorcycle crashes in Hawaii,
1986–1995: an analysis. Transportation Res. Rec. 1704, 77–85.

im, K., Li, L., 1996. Modeling fault among bicyclists and drivers involved in collisions

in Hawaii, 1986–1991. Transportation Res. Rec. 1538, 75–80.

ehmann, K., 1962. Summarize as research into causes of road accidents. Aust. Road
Res. 1, 46–47.

in, M.R., Chang, S.H., Pai, L., Keyl, P.M., 2003. A longitudinal study of risk factors for
motorcycle crashes among junior college students in Taiwan. Accid. Anal. Prev.
35, 243–252.
d Prevention 41 (2009) 327–335 335

Long, J.S., Freese, J., 2006. Regression Models for Categorical Dependent Variables
Using Stata. Stata Press, College Station, Texas.

Mannering, F.L., Grodsky, K.L., 1995. Statistical analysis of motorcyclists’ perceived
accident risk. Accid. Anal. Prev. 27, 79–87.

McFadden, D., 1981. Econometric models of probabilistic choice. In: Manski, C.,
McFadden, D. (Eds.), A Structural Analysis of Discrete Data with Econometric
Applications. The MIT Press, Cambridge, MA.

Mortimer, R.G., 1988. A further evaluation of the motorcycle rider course. J. Safety
Res. 19, 187–196.

Ouellet, J.V., Kasantikul, V., 2006. Motorcycle helmet effect on a per-crash basis in
Thailand and the United States. Traffic Inj. Prev. 7, 49–54.

Pai, C.W., Saleh, W., 2007. Exploring motorcyclist injury severity resulting from var-
ious crash configuration at T-junctions in the United Kingdom—An application
of the ordered probit models. Traffic Inj. Prev. 8, 62–68.

Preusser, D.F., Williams, A.F., Ulmer, R.G., 1995. Analysis of fatal motorcycle crashes:
crash typing. Accid. Anal. Prev. 27, 845–851.

Quddus, M.A., Noland, R.B., Chin, H.C., 2002. An analysis of motorcycle injury and
vehicle damage severity using ordered probit models. J. Safety Res. 33, 445–462.

Rutter, D.R., Quine, L., 1996. Age and experience in motorcycling safety. Accid. Anal.
Prev. 28, 15–21.

Savolainen, P., Mannering, F., 2007a. Probabilistic models of motorcyclists’ injury
severities in single- and multi-vehicle crashes. Accid. Anal. Prev. 39, 955–963.

Savolainen, P., Mannering, F., 2007b. Additional evidence on the effectiveness of
motorcycle training and motorcyclists’ risk taking behavior. Transportation Res.
Rec. 2031, 52–58.

Stamatiadis, N., Deacon, J.A., 1995. Trends in highway safety: effects of an aging
population on accident propensity. Accid. Anal. Prev. 27, 443–459.

Staten, R., 1980. Analysis and evaluation of the motorcycle rider course in thirteen
northern Illinois countries. In: Proceeding of International Motorcycle Safety
Conference, Washington, D.C., USA.

Sexton, B., Baughan, C., Elliot, M., Maycock, G., 2004. The Accident Risk of Motorcy-
clists. TRL Report 607, Transport Research Laboratory, Crowthorne, England.

Shankar, V., Mannering, F., 1996. An explanatory multinomial logit analysis of single-
vehicle motorcycle. Accident severity. J. Safety Res. 27, 183–194.

Turner, P.A., Georggi, N., 2001. Analysis of alcohol-related motorcycle crashes in
Florida and recommended countermeasures. Transportation Res. Rec. 1779,
189–196.

Waller, P.F., Barry, T.L., Rouse, W.S., 1968. Motorcycles: I. Estimated Mileage and
its Parameters, Highway Safety Research Centre. University of North Carolina,
Chapel Hill, North Carolina.

Washington, S., Karlaftis, M., Mannering, F., 2003. Statistical and Econometric Meth-
ods for Transportation Data Analysis. Chapman and Hall/CRC, Boca Raton, FL.

Williams, M.J., Hoffmann, E.R., 1979. Motorcycle conspicuity and traffic accidents.
Accid. Anal. Prev. 11, 209–224.

Yan, X., Radwan, E., Abdel-Aty, M., 2005. Characteristics of rear-end accidents at

signalized intersections using multiple logistic regression model. Accid. Anal.
Prev. 37, 983–995.

Yuan, W., 2000. The effectiveness of the “Ride-Bright” legislation for motorcycles in
Singapore. Accid. Anal. Prev. 32, 559–563.

Zador, P.L., 1985. Motorcycle headlight-use laws and fatal motorcycle crashes in the
U.S., 1975–1983. Am. J. Pub. Health 75, 543–546.


	Modeling fault among motorcyclists involved in crashes
	Introduction
	Methodology
	Dataset for analysis
	Results and discussions
	Time effect
	Night time crash occurrence
	Presence of surveillance camera
	Wet-road surface
	Lane position
	Road speed limit
	Rider attributes
	Motorcycle attributes
	Collision type

	Implications
	Conclusion
	Acknowledgements
	References


