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Abstract: To investigate the impact of different factors on the
severity of accidents involving nonhelmeted motorcycle riders
and different types of vehicles, the 2019 Pakistan traffic
accident data was analyzed. The accidents were classified into
six types according to the types of vehicles involved: car,
bus, truck, bike, motorcycle and rickshaw. Each type of
accident was further divided into four severity levels: no
injury, minor injuries, major injuries, and fatalities. Twenty
selected from five aspects: motorcyclist
demographics, roadway, environment, crash, and temporal.
Also, six random parameter logit models that considered the
heterogeneity of influencing factors were established for each
type of accident. The likelihood ratio test and out-of-sample
prediction method were used to confirm the non-transferability
between different logit models. The results show that all
selected variables have significant effects on the severity of
accidents; the gender of motorcycle drivers, age, number of
lanes, and speeding have the greatest impact. This study can
provide a reference for local policymakers to formulate
strategies, thereby reducing the severity of collisions between
helmetless motorcycle riders and other vehicles.
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variables were

out-of -

n 2016, vulnerable road users (e. g., pedestrians, cy-
I clists, and motorcyclists) accounted for roughly half
of the 1. 35 million deaths caused by road traffic accidents
worldwide. In 2016, Motorized two- and three-wheeler
riders accounted for about 43% of traffic fatalities in
Southeast Asia. Meanwhile, the percentage of all riders
in Pakistan who wore standard helmets was only
10.4%'". Ref.[2] found that wearing a helmet reduced
the risk of head injuries and deaths by 69% and 42% , re-

spectively. Considering that only 10. 4% of Pakistani
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motorcyclists wear helmets, investigating the intrinsic and
extrinsic factors that contribute to the severity of accidents
involving nonhelmeted riders is essential. This investiga-
tion can help mitigate the risks and severity associated
with such occurrences. In addition, more effective meas-
ures should be implemented to reduce the crash risk for
nonhelmeted motorcyclists, who account for most of the
population.

Numerous studies have indicated that several factors af-
fect the severity of the injury. Regarding the use of safety
equipment, wearing a helmet is associated with a reduced
risk of fatal and incapacitating injuries in motorcycle cra-

3 .
B such as in-

shes Other motorcyclist characteristics,
creasing age'*! and speeding'’, have been found to in-
crease the likelihood of severe and fatal injuries in motor-
cycle crashes. Because of the vehicle’s characteristics,
colliding with a heavy vehicle tends to increase the severi-
ty of motorcycle accident injuries'® .

However, most studies have focused on motorcycle ac-
cidents involving only one vehicle; more efforts should
be made to elucidate the severity of injuries caused by
nonhelmeted motorcyclists involved in multi-vehicle cra-
shes. In addition, several earlier studies have supported
the relationship between the severity of injuries and the
type of vehicle in the collision'”™
propensity in Pakistan’s complex traffic flows containing
both high- and low-speed vehicles, evaluating the deter-
minants affecting the severity of injuries caused by non-
helmeted motorcyclists in collisions with different vehicle
types is crucial.

The complicated interactions between human behavior
and other factors such as vehicles, roadways, and envi-

ronmental attributes may not be adequately represented by

. To eliminate the risk

detailed data. The absence of certain critical factors can
lead to biased results, inconsistent estimation, or ineffec-
tive recommendations’' . The random-parameter approach
has proved to be statistically superior in terms of accuracy
and reduced heterogeneity and thus has been widely
adopted for interpreting unobserved heterogeneity™ . To
account for the heterogeneity in the means and variances
in the current study, a series of random-parameter logit
models categorized according to the type of involved ve-
hicle is proposed.

This study first describes the dataset and methodologi-
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cal frameworks. Afterwards, estimates are provided for
the transferability tests across various vehicle models. The
estimated results and marginal effects are then interpreted
and discussed. The final section presents the findings and

potential future research directions.
1 Data Description

Data on crashes involving nonhelmeted motorcyclists,
including motorcyclist demographics,
environment,

vehicle, roadway,
were col-
lected from the Rescue 1 122 road traffic accident data-

base in Pakistan.

crash, and temporal attributes,

the dataset included 7 591 mo-
19 The severity levels were de-
termined according to the most severe injuries or fatalities
involved in the crashes.
between the numbers and distributions of injury severities
across the six model types.

As indicated in Fig. 1,
torcycle-vehicle collisions

Substantial differences existed
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Fig.1 The severity of crash injury by motorcycles involved in
collisions with six different types of vehicles

2 Methodology

Considering random-parameter multinomial logit ap-
proaches with heterogeneity in means and variances, the
following equation describes a linear function for determi-

ning the motorcyclist’s injury severity outcome i in crash
(101,

Sij :BiXij+‘9ij (1)

where X, represents a vector of explanatory variables (rid-
crash, and temporal attrib-
utes) ; B, denotes the vector of the estimated coefficients;

and £ is a stochastic error term that accounts for unob-

er, roadway, environmental,

served effects.
A standard multinomial logit model is proposed under
the assumption that ¢, follows a generalized extreme val-

. . . 11
ue distribution"":

P, = fz "B e (2)

where f(8 \ ¢) denotes the probability density function of

the random vector B, while ¢ is a vector of the parame-
ters that influence f(B | ¢) (mean and variance). B, is a
vector of estimable parameters, and it captures the hetero-
geneity in the mean and variance'”:

ﬁ:j =P, +6ijMij + U@/ewpUV,;/ (3)

where M; denotes a vector of explanatory variable hetero-
geneity in the mean that influences the motorcyclist’s in-
jury severity result i; &, denotes a corresponding vector of
the estimated parameter; Dij
variables capturing heterogeneity in the standard deviation

; With the corresponding parameter vector e

is a vector of explanatory

;> and v, is
a dlsturbance term.

To estimate the models in the current work, a simulated
maximum likelihood approach with 1 000 Halton draws is
proposed''!. Regarding (B | ¢),

tions, including normal, uniform, lognormal,

several density func-
and trian-

none of
these functions can produce a better statistical fit than a

normal distribution, as supported by prior empirical evi-
[13-14]

gular distributions, can be devised. However,

dence

In addition, the marginal effects n of the variables are
estimated to account for the change in one unit of a single
variable in the random-parameter logit model, which can

be represented as

P, _ 4
m dX”_ - X f Mﬂﬂ e @)

The transferability between various models can be test-
ed as described in Ref. [14]:

vo=-2[ign - e ] o)

where LL(8,,) denotes the log-likelihood at convergence
for all motorcycle crashes colliding with six types of vehi-
cles, and LL(B,,.,) denotes the log-likelihood at the con-
vergence of the motorcycle crash model corresponding to
type i (car, bus, truck, bike, motorcycle and rickshaw) .
The degree of freedom is equal to the sum of the statisti-
cally significant parameters in the separate model minus
the number of statistically significant parameters in the
The ) test results were 265. 98 with 59
degrees of freedom,

joint model'"”'.
indicating that the null hypothesis
that the six types of nonhelmeted motorcycle crash models
are the same should be rejected with greater than 99. 99 %
confidence.
Furthermore, to address the non-transferability of the
estimated parameters across different disaggregate data,
out-of-sample prediction can be used to predict observa-
tions from another model using estimated parameters from
one model'”™ . This study employed estimated parame-
ters from one type of nonhelmeted motorcycle crash to
predict another type of crash, allowing us to examine the
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aggregate effects across models. The out-of-sample simu-
lation employed 1 000 Halton draws, similar to the ap-
proach used to estimate the probability of injury severity.
The average probability differences are computed for out-

of-sample prediction, which can be implemented as!"”™*
P i) = % Y ]exp[(ﬂi +86,M; + o.e””v)X,]
- Z expl (B, +6,M, + o,e””v)X,]
(6)

where N is the total number of draws used for individual
observations. In this study, 1 000 Halton draws were
used for out-of-sample prediction to ensure accurate mod-
el estimation.

Using parameters estimated from one model to predict
observations from another model results in significantly

different probabilities ( see Tab. 1) . For instance, the

likelihood of severe injury may be significantly underesti-
mated if the car-nonhelmeted motorcycle model is applied
to truck-nonhelmeted motorcycle data. This also demon-
strates the unique characteristics of each type of motorcy-
cle crash, which are not interchangeable, consistent with
the findings in Refs. [15, 17], in which high degrees of
probability differences between respective outcomes were
also observed. Nonetheless, compared with a previous
study'"™, the injury effects of temporal/crash-type chan-
ges were found to be relatively high, possibly owing to
the disparity between the distributions of male and female
nonhelmeted motorcycle crashes. As shown in Fig. 1, the
sample size of two-motorcycle nonhelmeted crashes was
larger than those of other types, and fatal crashes accoun-
ted for 18. 5% of two-motorcycle nonhelmeted crashes,
compared with less than 5% for other nonhelmeted mo-
torcycle crashes.

Tab.1 Differences in probabilities among prediction and observed values

Predict model Car Bus Truck

NI MI SI FI NI MI SI FI NI MI ST FI
Car 0.01 -0.05 0.07 -0.01 0 0 -0.01 0
Bus -0.01 0 0.01 0 0 0 0 0.01
Truck 0.01 0.01 -0.02 0 0.01 0.01 -0.08 0.06
Bike 0.02 0.02 -0.04 0 0.01 0.083 -0.04 0.02 0 0.02 -0.03 0.01
Motorcycle 0.01 0.01 -0.02 -0.01 O 0 0.04 -0.04 0 0 -0.03 0.02
Rickshaw -0.01 0 0.02 -0.01 -0.01 -0.02 0.06 -0.03 -0.01 0.02 -0.03 0.02
Predict model Bike Motorcycle Rickshaw

NI MI SI FI NI MI SI FI NI MI SI FI
Car 0.01 0.01 -0.02 0 0.01 0 -0.01 0 0 0 0.02 -0.02
Bus 0.02 0.02 -0.05 0 0.01 0.02 -0.02 -0.01 -0.01 -0.01 0.08 -0.05
Truck 0.03 0.03 -0.05 -0.01 0.02 0.01 -0.03 0 -0.01 -0.03 0.03 0.01
Bike 0.02 0.02 -0.04 0 0 0 -0.01 0.02
Motorcycle 0.02 0.01 -0.01 -0.02 -0.01 -0.01 0.07 -0.05
Rickshaw 0.01 0.01 -0.03 0.01 0.0l 0 -0.01 0

Note: NI represents no injury; MI represents minor injury; SI represents severe injury; and FI represents fatal injury.

Overall, the findings on the out-of-sample prediction
confirmed a substantial aggregate influence of the non-
transferability across different types of nonhelmeted mo-
torcycle crashes.

3 Results and Discussion

Tabs. 2 and 3 illustrate the estimation results for non-
helmeted motorcyclists who collided with different types
of vehicles; the results were obtained using random-pa-
rameter logit models with heterogeneity in means and va-
riances. The estimation model produced p° values excee-
ding 0.400. Several variables significantly influenced the
injury severity of nonhelmeted motorcyclists,
others were not transferable between the six model types.

whereas

Owing to the small sample size, only one and two varia-
bles were statistically significant in Bus and Truck mod-
els, respectively. To further illustrate this non-transfera-
bility, the specific marginal effects for each of the six
models are presented in Tabs. 4 and 5.

3.1 Rider characteristics

Regarding rider characteristics, all models except the
Bus model found the male indicator to be statistically sig-
nificant. Furthermore, in the Rickshaw model, the male
indicator was identified as a random parameter. The mar-
ginal effects in Tabs. 4 and 5 revealed that for all five
models, male nonhelmeted motorcyclists increased the
likelihood of minor injury, with variations in the effects
on other injury outcomes. The male indicator increased
the likelihood of fatal injury by 0.002 7 and 0. 011 2 in
the Car and Truck models, respectively, but reduced it by
0.022 2, 0.117 8, and 0. 005 4 in the Bike, Motorcycle,
and Rickshaw models, respectively. The findings reveal
the different crash mechanisms of nonhelmeted motorcyc-
lists colliding with six vehicle types. The mechanisms
! and the lar-
, especially for

may be related to the higher speeds of cars'

. . . 9
ger sizes and heavier weights of trucks'"

nonhelmeted motorcyclists.
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Tab.2 Model results of injury severity of nonhelmeted motorcyclists colliding with different types of vehicles (t-Stat. in parentheses)

Variable Car Bus Truck Bike Motorcycle Rickshaw
NI -0.724 ( -2.65) -0.690 ( -2.57)
Constant MI 2.354 (8.12) 2.361 (2.10) 3.164 (5.37) -5.967 (-9.68)  1.563 (12.09) -3.223 ( -5.11)
onstan
SI 5.293 (9.49) -4.245 ( -3.61) 3.971 (3.84) 1.135 (5.14) 0.373 (2.65) -2.411 ( -5.68)
FI  -0.476 ( -2.47) -2.656 ( -3.45) 1.666 (9.82) -5.237 ( -17.45)
MI 4.955 (10.20)
Male
e SI  -5.416 ( -10.75) -2.336 ( -2.56)
indicator
FI -0.995 ( -9.41)
Below 20 MI -0.387 ( -2.86)
o S 0.829 (3.51)
years indicator
FI -0.730 ( -6.53)
NI 2.209 (2.97)
Rider 20-30 years
. - MI 0.713 (7.77)
attributes indicator
SI -0.609 ( -2.65)
3040 years NI -0.578 ( -2.03)
indicator MI 0.443 (1.98) 0.765 (2.62) 0.419 (3.99)
40-50 years MI 0.329 (2.73)
indicator SI  -1.216 ( -2.34) 0.713 (2.02)
Above 50 years MI -0.541 ( -4.39)
indicator FI 0.679 (2.85) 1.112 (2.64) 1.614 (2.74)
Major arterial NI -0.456 ( -2.04)
indicator FI -1.613 ( -2.80)
MI 0.437 (2.18)
Minor arterial
Road indicat SI -0.753 ( -2.87)
indicator
oa Wax ' I -0.179 ( -2.82)
characteristics
Lane_2 indicator NI -0.815 ( -2.23)
Lane_4 indicator ~ MI 4.294 (3.03)
Speed70 NI 1,912 (2.04)
km/h indicator ’ '
Environmental Cloudy
- L NI 0.691 (2.46)
characteristics indicator
Distraction NI -2.332 ( -10.09)
indicator MI 2.283 (4.02)
Crash NI -0.878 ( -2.35)
characteristics Speeding MI 3.983 (11.08)
indicator SI 2.629 (3.68) 1.095 (2.97)
FI. -1.971(-2.04)
Weekday indicator ~ FI ~ -2.211 ( -2.47) 0.209 (2.34)
Spring indicator NI 0.599 (2.59) 0.485 (3.78)
Summer indicator NI -0.429 ( -2.87)
Temporal .
L Autumn indicator NI  -1.016 ( -2.77)
characteristics
o NI 0.557 (2.09) 0.332 (2.59)
Day indicator
SI -0.386 ( -2.08)
Night indicator FI 2.691 (2.94) -0.150 ( -2.66)
Male MI 1.550 (3.04)
Random indicator Std Dev 1.479 (2.52)
characteristics Summer SI 3.137 (15.74)
indicator Std Dev 3.456 (2.81)
Heterogeneity ~Male in('iiczfltor & 0.479 (2.52)
in the means  lane_4 indicator
of random  Summer 'ind'icalor & 3,007 ( ~2.79)
parameters male indicator
Heterogeneity Summer
in the variances indicator &
SI -1.035 ( -2.13)
of random weekday
parameters indicator
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Tab.3 Goodness-of-fit of the competing model

Model statistics Car Bus Truck Bike Motorcycle Rickshaw
Number of parameters K 16 4 5 14 20 14
Number of observations N 1281 23 99 1 206 4 602 380
Log-likelihood at zero -1775.843 —-31.885 -137.243 -1671.871 -6 379.727 -526.792
P’ -766.602 - 18.806 -76.042 -675.05 -3 712.462 -282.381
Log-likelihood at convergence 0.568 0.41 0.446 0.596 0.418 0.464
Akaike information criterion 1 565.204 45.612 162.084 1378.1 7 464.924 592.762
Bayesian information criterion 1 647.69 50. 154 175.06 1 449.431 7 593. 609 647.924

Tab.4 The marginal effects of determinants in models of nonhelmeted motorcyclists colliding with cars, buses, and trucks

Variabl No injury Minor injury Severe injury Fatal injury
aria
e Car Bus Truck Car Truck Car Bus Truck Car Bus Truck
Male indicator 0.0532 0.0209 0.3070 0.2646 -0.3629 -0.296 6 0.0027 0.0112
Below 20
- -0.003 7 -0.0209 0.024 8 -0.000 2
years indicator
20-30
o 0.0959 -0.0750 -0.0177 -0.003 2
year indicator
Rider
. 30-40
characteristics Lo -0.004 9 0.008 8 -0.003 6 -0.000 3
year indicator
40-50
L 0.000 7 0.004 0 -0.004 8 0.000 1
year indicator
Above 50
s -0.000 8 -0.004 3 0.005 2 0.000 1
years indicator
Major arterial
o 0.000 2 0.001 8 0.000 3 -0.002 3
Roadway indicator
characteristics ~ Mi rterial
mor e 0,005 8 0.011 1 ~0.004 8 ~0.000 5
indicator
Crash Speeding
L o 0.0007 -0.001 1 0.0059 -0.0021 0.0008 0.0051 -0.0074 -0.0019
characteristics indicator
Weekday indicator  0.000 3 0.002 6 0.000 4 -0.003 3
Spring indicator ~ 0.012 5 -0.0110 -0.001 4 -0.000 1
Temporal o
L Autumn indicator -0.006 8 0.0059 0.000 8 0.000 1
characteristics
Day indicator 0.040 8 -0.0357 -0.0050 -0.000 1
Night indicator  -0.000 8 -0.007 8 -0.001 1 0.009 7

Furthermore, five age indicators were statistically sig-
nificant in all six models. Despite showing several incon-
sistent trends or injury severity levels, the age indicators
showed non-transferability across the six models. The
marginal effects indicate that people over 50 years old had
a positive impact on the likelihood of a fatal injury,
whereas other age indicators had a negative impact. This
finding is consistent with previous research’™ and is at-
tributable to the higher physiological strength of young

groups'”.

3.2 Roadway characteristics

Regarding roadway characteristics, the major arterial
indicator tended to reduce the likelihood of no injury in
the Rickshaw model. The marginal effects showed that
rickshaw-motorcycle crashes at major arterials increased
the likelihood of minor, severe, and fatal injuries by
0.031 1, 0.019 0, and 0.001 6, respectively. This find-
ing is attributable to the significant speed differences be-
tween the two vehicle types, specifically the lower speed
of rickshaws and the higher speed of motorcycles running

on major arterials. Moreover, this variable tended to de-
crease the likelihood of fatal injury in the Car model. The
relatively complete safety facilities in major arterials can
explain this finding.

In the Car and Bike models, the indicator of minor ar-
terial was negatively related to the likelihood of severe in-
jury. This could be explained by the lower speeds of auto-
mobiles and bicycles on minor arterials.

On two-lane roads, the Bike model exhibited an in-
creased likelihood of experiencing minor, severe, and fa-
tal injuries, indicating an unfavorable environment for
both Bike and motorcycle riders. In contrast, on four-
lane roads, the likelihood of severe and fatal injuries was
diminished for the Rickshaw model.
attributable to the presence of a safer riding environment

This observation is
owing to the designated non-motorized lanes and a slower
traffic system.

3.3 Environmental characteristics

Regarding environmental characteristics, only cloudy
weather reduced the likelihood of minor, severe, and
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Tab.5 The marginal effects of determinants in models of nonhelmeted motorcyclists colliding with bikes, motorcycles, and rickshaws

No injury Minor injury Severe injury Fatal injury
Variable . Motor- Rick- . Motor- Rick- . Motor- Rick- . Motor- Rick-
Bike Bike Bike Bike
cycle shaw cycle shaw cycle shaw cycle shaw
Mal
. d,a: -0.1852 0.0133 -0.1751 0.5150 0.0862 0.2489 -0.3066 0.0182 -0.0684 -0.0222 -0.1178 -0.005 4
indicator
Below 20
o 0.0049 0.002 8 -0.0143 0.0147 0.0099 0.004 3 -0.0005 -0.02138
indicator
20-30
L 0.004 7 -0.0111 0.0107 0.0518 -0.0159 -0.0152 0.0005 -0.0255
Rider year indicator
characteristics 3040
L -0.0034 -0.0033 -0.0244 0.0107 0.0166 0.0146 -0.0069 -0.0050 0.0092 -0.0003 -0.0083 0.0005
year indicator
40-50
L -0.0016 -0.0117 0.0079 -0.0050 -0.0024 0.0169 -0.0040 -0.0002
year indicator
Above 50
indicator -0.0005 -0.0022 -0.0044-0.0011 -0.0014 -0.0023 -0.0010 -0.0042 -0.0014 0.0026 0.0078 0.008 1
Major
. -0.0516 0.0311 0.0190 0.001 6
indicator
Minor
o 0.0036 0.0005 0.0067 0.003 6 -0.0109 0.0009 0.0005 -0.0050
indicator
Roadway Lane_2
- - -0.00 57 0.002 6 0.002 9 0.000 2
characteristics  indicator
Lane_4
o -0.099 4 0.099 7 -0.004 9 -0.000 4
indicator
Speed-70
L 0.044 6 -0.0420 -0.002 3 -0.000 2
km/h indicator
Environmental ~ Cloudy
. o 0.009 0 -0.0055 -0.0033 -0.000 3
characteristics  indicator
Distraction
L -0.003 4 -0.009 2 0.0094 0.0055 -0.0056 0.0015 -0.0004 0.0023
Crash indicator
characteristics  Speeding
indicat -0.1376 -0.0009 -0.1854 0.3849 -0.0039 0.1136 -0.2308 0.0061 0.0665 -0.0165 -0.0012 0.005 3
indicator
Weekday indicator -0.002 3 -0.016 0 -0.004 0 0.0223
Spring indicator 0.008 3 -0.0053 -0.001 4 -0.001 6
Temporal Lo
.. Summer indicator -0.0001 -0.037 3 -0.0076 0.0224 0.0175 0.0138 -0.0099 0.0011
characteristics
Day indicator  0.008 6  0.019 2 0.0169 -0.0124 -0.0265 -0.0029 0.001 0 -0.004 0
Night indicator 0.000 4 0.004 0 0.001 0 -0.0055

fatal injuries in the Bike model, possibly because motor-
cyclists compensate for the risk of slippery roads by riding
at reduced speeds and cautiously'™'. However, the issue
of self-selectivity discussed in Ref. [22] is another expla-
nation. Self-selected groups of motorcyclists or bicyclists
who choose to ride under poor weather conditions are be-
lieved to be more dangerous and cause more severe cra-
shes than those who avoid the roadways.

3.4 Crash characteristics

Regarding the collision causes, indicators of distraction
and speeding were found to predict the injury severity lev-
els of nonhelmeted motorcycle crashes. The distraction re-
duced the likelihood of severe and fatal injury in the Bike
model while increasing that for the Motorcycle model.
Moreover, speeding tended to reduce the likelihood of fa-
tal injury in the Car, Bus, Bike, and Motorcycle models
while increasing that for the Rickshaw model, possibly be-
cause rickshaws have more vulnerable characteristics.

3.5 Temporal characteristics

Weekday, spring, summer, daytime, and nighttime
indicators were significant temporal indicators that affect-
ed the severity of injuries in nonhelmeted motorcycle cra-
shes. The effects of weekdays showed non-transferabili-
ty. Specifically, the Car model exhibited decreased likeli-
hood of fatal injuries on weekdays, while the Motorcycle
model exhibited an increased likelihood. This finding is
attributable to aggressive riding by middle- and lower-
class motorcyclists during their daily commute'™, where-
as the number of cars in Pakistan is also significantly low-
er than that of motorcycles.

The Car and Motorcycle models exhibited decreased in-
jury severity levels during the spring season, showing an
increase in the likelihood of no injuries and a decrease in
the likelihood of minor, severe, and fatal injuries. The
perfect visibility and moderate temperature can provide
motorcyclists with ideal riding conditions. However, for
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the summer season, the Motorcycle and Rickshaw models
exhibited an increased likelihood of severe injuries by
0.017 5 and 0. 013 8, respectively. The summer mon-
soon season is characterized by moistened road surfaces,
which may increase the risk of severe injuries'® .

Daytime was found to decrease the severe and fatal in-
jury likelihood, whereas nighttime showed differences in
the effects on severe and fatal injury likelihood in the Car
and Motorcycle models. This finding suggests that motor-
cyclists may be employing a risk compensation mecha-
nism by reducing their operating speeds and adopting
more cautious behaviors during the nighttime, when visi-
bility is poor.

3.6 Heterogeneity in means and variances of random
parameters

Two variables were identified as random parameters in
the models. In the Motorcycle model, the summer indi-
cator was random and specific to severe injury, with a
mean ( standard deviation) of 3. 137 (3.456). According
to the normal distribution, 81.8% of the two-motorcycle
crashes that occurred in summer tended to result in severe
injuries, whereas the remaining 18. 2% of the crashes
were less likely to result in severe injuries. Furthermore,
the male indicator reduced the mean of the summer indi-
cator by 3. 907, whereas the weekday indicator reduced
the variances of this random parameter by 1.035. The in-
teractions of these variables revealed that male motorcyc-
lists and weekday periods reduced the likelihood of severe
injury in two-motorcycle crashes that occurred during the
summer.

In the Rickshaw model, the male indicator was also
identified as a random parameter specific to minor inju-
ries, with a mean ( standard deviation) of 1. 550
(1.479). The normal distribution showed that 85.2% of
crashes were more likely to result in minor injuries. In
addition, the lane_4 indicator increased the mean of this
random parameter by 0.479. This interaction reveals that
male nonhelmeted motorcyclists are more likely to sustain
minor injuries on four-lane roads. This finding may be
explained by the tendency of male nonhelmeted motorcyc-
lists to overspeed and ride carelessly on four-lane roads.

4 Conclusions

1) More restrictive penalties and educational programs
should be implemented to prevent distractions and speed-
ing behavior.

2) More educational campaigns and management coun-
termeasures should be organized for motorcyclists over 50
years old, requiring them to wear helmets, obey traffic
rules, and refrain from engaging in risky behavior.

3) Alert measures, such as audible reminders and
flashing lane lines, should be designed to draw attention

to rickshaws on major arterial roads.

References

[1] World Health Organization. Global status report on road
safety[ R]. Geneva, Switzerland: WHO, 2018.

[2] Houston D J, Richardson L E. Motorcyclist fatality rates
and mandatory helmet-use laws[J]. Accident Analysis &
Prevention, 2008, 40(1): 200 —208. DOI: 10. 1016/j.
aap. 2007. 05. 005.

[3] Xin C F, Wang Z Y, Lee C, et al. Modeling safety

effects of horizontal curve design on injury severity of sin-

gle-motorcycle crashes with mixed-effects logistic model

[J]. Transportation Research Record, 2017, 2637(1):

38 —46.

Cunto F J C, Ferreira S. An analysis of the injury severity

of motorcycle crashes in Brazil using mixed ordered re-

[4

[

sponse models[J]. Journal of Transportation Safety & Se-

curity, 2017, 9(S1): 33 —46. DOI: 10.1080/19439962.

2016. 1162891.
[5] Savolainen P, Mannering F. Probabilistic models of
motorcyclists’ injury severities in single- and multi-vehicle
crashes [ J]. Accident Analysis & Prevention, 2007, 39
(5): 955-963. DOI: 10.1016/j. aap.2006. 12. 016.
Waseem M, Ahmed A, Saeed T U. Factors affecting
motorcyclists’ injury severities: An empirical assessment
using random parameters logit model with heterogeneity in

[6

—

means and variances| J]. Accident Analysis & Prevention,
2019, 123: 12 -19. DOI: 10.1016/j. aap. 2018. 10. 022.

[7] Ahmed M M, Franke R, Ksaibati K, et al. Effects of

truck traffic on crash injury severity on rural highways in

Wyoming using Bayesian binary logit models[J]. Accident

Analysis & Prevention, 2018, 117: 106 —113. DOI: 10.

1016/j. aap.2018.04.011.

Peeta S, Zhang P C, Zhou W M. Behavior-based analysis

of freeway car-truck interactions and related mitigation

strategies| J]. Transportation Research Part B: Methodo-
logical, 2005, 39(5): 41 —451. DOI: 10. 1016/j. trb.

2004. 06. 002.

Mannering F L, Shankar V, Bhat C R. Unobserved heter-

ogeneity and the statistical analysis of highway accident

data[ J]. Analytic Methods in Accident Research, 2016,

11: 1-16. DOI: 10.1016/j. amar. 2016. 04. 001.

[10] Washington S, Karlaftis M, Mannering F, et al. Statisti-
cal and econometric methods for transportation data anal-
ysisfM]. 3rd ed. New York, USA: CRC Press, Taylor
and Francis Group, 2020:73 —82.

[11] McFadden D, Train K. Mixed MNL models for discrete

response[ J]. Journal of Applied Econometrics, 2000, 15

(5): 447 —470.

Seraneeprakarn P, Huang S Q, Shankar V, et al. Occu-

(8

—_—

[9

—

[12

[

pant injury severities in hybrid-vehicle involved crashes:
A random parameters approach with heterogeneity in
means and variances([ J] . Analytic Methods in Accident Re-
search, 2017, 15: 41 =55. DOI: 10. 1016/j. amar. 2017.
05.003.

[13] Milton J C, Shankar V N, Mannering F L. Highway acci-
dent severities and the mixed logit model: An exploratory
empirical analysis [ J]. Accident Analysis & Prevention,
2008, 40(1): 260 —266. DOI: 10.1016/j. aap. 2007. 06.
006.



114 Yang Yuwei, Wang Chenzhu, Wang Wei, Chen Jun, and Muhammad Ijaz

[14] Behnood A, Al-Bdairi N S S. Determinant of injury se- temporal shifts [ J]. Analytic Methods in Accident Re-
verities in large truck crashes: A weekly instability analy- search, 2022, 35: 100220. DOI: 10. 1016/j. amar. 2022.
sis[ J]. Safety Science, 2020, 131: 104911. DOI: 10. 100220.
1016/j. ssci. 2020. 104911. [19] Zeng Q, Gu W H, Zhang X, et al. Analyzing freeway
[15] Alnawmasi N, Mannering F. The impact of higher speed crash severity using a bayesian spatial generalized ordered
limits on the frequency and severity of freeway crashes: logit model with conditional autoregressive priors[J]. Ac-
Accounting for temporal shifts and unobserved heterogene- cident Analysis and Prevention, 2019,127: 87 —95.
ity[J]. Analytic Methods in Accident Research, 2022, 34: [20] Wang C Z, Tjaz M, Chen F, et al. Evaluating gender
100205. DOI: 10.1016/j. amar. 2021. 100205. differences in injury severities of non-helmet wearingmo-
[16] Hou Q Z, Huo X Y, Leng J Q, et al. A note on out-of- torcyclists: Accommodating temporal shifts and unob-
sample prediction, marginal effects computations, and served heterogeneity[J]. Analytic Methods in Accident Re-
temporal testing with random parameters crash-injury se- search, 2022, 36: 100249. DOI: 10.1016/j. amar. 2022.
verity models[J]. Analytic Methods in Accident Research, 100249.
2022, 33: 100191. DOI: 10. 1016/j. amar. 2021. [21] Schneider W H, Savolainen P T. Comparison of severity
100191. of motorcyclist injury by crash types[J]. Transportation
[17] Alogaili A, Mannering F. Differences between day and Research Record: Journal of the Transportation Research
night pedestrian-injury severities: Accounting for temporal Board, 2011, 2265(1): 70 —80. DOI: 10. 3141/2265-
and unobserved effects in prediction[J]. Analytic Methods 08.
in Accident Research, 2022, 33: 100201. DOI: 10. [22] Mannering F. Temporal instability and the analysis of
1016/j. amar. 2021. 100201. highway accident data[J]. Analytic Methods in Accident
[18] Yan X T, He J, Wu G H, et al. Differences of over- Research, 2018, 17: 1 — 13. DOI: 10. 1016/]j. amar.
turned and hit-fixed-object crashes on rural roads accom- 2017.10.002.

panied by speeding driving: Accommodating potential

KRB EEREFSERiUERNGETEREESF
wmas  ERA E ' % %' Muhammad ljaz’

(' RARFEFR, HF 210096)
CEHHRBRFRBEHREWAFR, RAL610031)

WE:ATHARARBR AN AR KENERETF SRR LR F4n 3 F¥ ™ TRAEE G R, KT 2019 F
EAM IR FRMEN O, FFRERBMBEENN S AAE AXE TE AITE BRERADESG
AER BAHEDFRE—F XN ARZS B EHARTAANATEREFA. NEIEBRL T EH%
RE EFHRAAMNR S AT EART 204N ES A RRAEBFRSANELT 6 NE YRR EF AR
AL A4 Logit LA SR A & Mot B Fo ARSI 7 34 55 T R ) Logit AL 2 ] LA R 5T 4545 1k, 45 R
R, AR FANFRTEREAALE Yoa, L PRI E B R eyl p) il FER T FikFUS
FAREGYMRKR. LR TAN LW E B H o Rk b R EAEARIE, AmERABR L ENERETS
AR R R dme st ig Fa = EFLE.

KBRIA R A 4 E R AR L MALASK logit BEA) ; FRAE £ A 4E A AR SM TR

R E 4RSS U491



