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Injury Severity Analysis of Cyclists in Two Wheeler to Taxi Crashes:
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ABSTRACT

In recent, technological advancement including a vehicle black box (VBB) has led to reducing such underreporting issues and errors
of crash data. The objective of this study is to analyze the injury severity of cyclists on taxi-to-two wheeler crashes based on the accurate
crash data collected from the VBB in taxi. This study defined the two wheelers as bicycle and motorcycle. To perform this study, we
used the VBB data collected from taxis operating in Incheon, South Korea for a two-year period (2010-2011). An ordered probit model
was applied to analyze the injury severity in crashes. As a result, new injury severity factors were found: increase of the crash speed of
taxi, damage of crash-involved vehicles (i.e., taxi and/or two wheeler), not standing of cyclists after crash, and second or third impact
of cyclists after first crash.
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K Goldstein, 1986; Weiss, 1992). Goldstein(1986)-2 W],
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Table 1. Descriptive Statistics of Taxi-Two Wheeler Crash Data
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Category Variable definition Description and coding input value
Taxi vehicle maneuver If straight through: 1, otherwise: 0
If right and left turn: 1, otherwise: 0
Vehicle If U-turn: 1, otherwise: 0

characteristics TW maneuver

If straight through: 1, otherwise: 0
If right and left turn: 1, otherwise: 0
If U-turn: 1, otherwise: 0

Human

.. TW driver gender
characteristics

If TW driver was male: 1, otherwise: 0

Weather
Road surface condition
Environmental
characteristics
Time period
Sight obstruction

If rainy: 1, otherwise: 0

If dry: 1, otherwise: 0

If wet: 1, otherwise: 0

If snow: 1, otherwise: 0

If daytime periods (07:00-18:00): 1, otherwise: 0
If near parking: 1, otherwise: 0
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Table 1. Descriptive Statistics of Taxi-Two Wheeler Crash Data (Continued)

Category Variable definition Description and coding input value
Number of lanes 1,2,4,6,8, 10 (ratio scale)
Road section If near intersection:1, otherwise: 0
If intersection: 1, otherwise: 0
If near crosswalk: 1, otherwise: 0
If crosswalk: 1, otherwise: 0
Road If roadway segment: 1, otherwise: 0
characteristics Segregation of vehicle and If segregation: 1, otherwise: 0
pedestrian paths
Median If median on the road:1, otherwise: 0
Traffic control type If normal: 1, otherwise: 0

If flashing: 1, otherwise: 0
If none: 1, otherwise: 0

Number injured
Assault/Victim
Helmet
Vehicle speed

TTC (Time To Collision)
Taxi damage
TW damage
Crash cause(taxi)

1, 2, 3+ (ratio scale)

If assault: 1, otherwise: 0

If wear: 1, otherwise: 0

Running speed (running speed prior to starting break)

Crash speed (speed at the crash moment reconstructed by VBB)
Time difference between braking start and crash moment (ratio scale)
If damage: 1, otherwise: 0

If damage: 1, otherwise: 0

If passenger getting on/off taxi: 1, otherwise: 0

If driver was running at the red light signal: 1, otherwise: 0

If merging in traffic, otherwise: 0

If passing, otherwise: 0

If driver distracted: 1, otherwise: 0

If driver was crossing the central line: 1. otherwise: 0

Crash If other factors: 1, otherwise: 0
characteristics Crash cause(TW) If normal driving: 1, otherwise: 0
If two wheeler was jaywalking: 1, otherwise: 0
If two wheeler was running at the red light signal: 1, otherwise: 0
If merging in traffic, otherwise: 0
If passing, otherwise: 0
If two wheeler was crossing the central line: 1, otherwise: 0
Vehicle type If motor cycle: 1, bicycle: 0
Crash location If head-on collision: 1, otherwise: 0
If rear-ending: 1, otherwise: 0
If broadside collision: 1, otherwise: 0
If sidewipe: 1, otherwise: 0
TW rollover If rollover: 1, otherwise: 0
2nd impact of TW driver If 2nd impact of driver: 1, otherwise: 0
3rd impact of TW driver If 3rd impact of driver: 1, otherwise: 0
TW driver impairment level  |Ifnot standing after crash: 1, otherwise: 0
Injury severity Injury level Complaints of pain: 0, visible injury: 1, incapacitating injury: 2, and fatality: 3
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Table 2. Results of Ordered Probit Model on Injury Severity
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Variables Coefticient p-value 95% confidence interval
Crash speed 0.148 0.004 0.005 0.249
Taxi vehicle damage 0.569 0.004 0.185 0.952
TW damage 0.558 0.018 0.097 1.018
TW driver impairment level 1.042 0.000 0.675 1.410
2nd impact of driver 0.394 0.000 -0.038 0.826
3rd impact of driver 0.922 0.074* 0.419 1.425
o 0.417 0.034 0.800
1 2.144 1.678 2.611
o 5.053 4.193 5913
Number of crashes 248
McFadden’s p* 0.299
LR chi2 169.30
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SAEAE AN Zolch WSS B BE B/ L AR 3RE0] 2 114%, 16% Z7H

WA, A 5 olBA} SRR mao] BAEE A BE & AR vehton], vjbKR o)) siko] wARS A9
b 9 AP BhEo] 27 20.8%, 29% SRk IE B4 27 1LI% 15% S7Re Ao Uehdth 3 2] kol
5 R9E AP BBo] 47 21.6%, 20% AAShe Ao Uhehd WSS A9 olmAk Sl A o 2 $2e] sl

O o= AL APIEE A e S S SHET T Q7] wheell, Apge] uiEo] AL Al S wR 2R
27 AP AR U, S BHEE w0laL AW SHEe ekdn) PR R B3 AR BAe] S 5 WRA,
S 0 Sj4d 4 9If(Chung et al, 2014). ofefet Avk= HEAE SN ) s FEsied sifshs Zlo] Sofsitt
ol&a} AR ¥t Awr) Azksle], Ao RS A1&EH) (Chung et al., 2014). Fig. 12 & &%=l tgt 3 875

SPlei) 2R ARHE weld o IR Bhekn B ekl o ofF Sakl 3 S TS 259

BI_:.?_].' Eﬂ}(l_o‘l%—f(]— Z_]_’ li]- %—% O]f,i O]%—i]— %ﬁ}q—_ﬂ 25(]— %—7_&,0] /\‘I.UJ— §J—E___ 27]—0}17 5_7_5 §._]J\_ o o 0]_ _l_/q_ §J‘g“_ _5_}%
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32} FA0] WSk A9-oll= 212} 184%, 2.5% F7= Hlo 2 %0}?—:_1 Aolgles 7|1& At} H3s(Chung et al., 2014).

Table 3. Marginal Probability Effects of Estimated Model

Average Marginal Probability Effects
Variables | I:KZ;aggee | Complaint of pain Visible injury Incapacitating injury Fatality

TW driver impairment level 0.118 -0.216 -0.020 0.208 0.029
3rd impact of driver 0.105 -0.191 -0.018 0.184 0.025
Taxi vehicle damage 0.065 -0.118 -0.011 0.114 0.016
TW damage 0.063 -0.116 -0.011 0.111 0.015

2nd impact of driver 0.045 -0.082 -0.008 0.079 0.011
Crash speed 0.002 -0.003 -0.000 0.003 0.000

Predicted probability
0

Probability
4
1

T T T T T T T T T T
0 10 20 30 40 50 60 70 80 90 100 110 120
Crash speed(km/h)

—<—— Complaints of pain ——— Visible Injury
Incapacitating Injury —@—— Fatality

Fig. 1. Predicted Probabilities by Crash Speed
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