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Analysis of driver behavior related to frontal vehicle collision direction.
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Abstract This study investigates frontal crashes, analyzes the driver's action related to the change of the collision
direction and determines the severity of (bodily injury). This study was conducted from August, 2013, to January,
2014, and the data for the car damage and human body damage were collected by emergency medical teams. In terms
of data collection, we collected the accident vehicle, crash direction, body damage, etc., based on the Korea In-depth
Accident Study (KIDAS) and Injury Severity Score (ISS). We used Minitab 17 and SPSS 22.0 to do the frequency
analysis and ANOVA. In the analysis results, the prevalence of frontal collisions was 55.8% and mostly occurred in
the 12 o'clock direction. In the analysis of the frontal crash direction according to age, the average ages for the 11,
12 and 1 o'clock directions were 46.46+13.47, 44.43£13.40 and 52.46+12.04, respectively, so the older age drivers
had a high probability of the accident occurring in the 1 o'clock direction. In the analysis of men's frontal collision
direction according to age, the average ages in the 11, 12 and 1 o'clock directions were 47.10+13.88, 45.24+13.78
and 55.73+£13.38, respectively, so older aged men had a high probability of having collisions in the 1 o'clock direction.
However, the statistical analysis of the frontal crash direction according to age in women didn't show any meaningful
trend. When comparing the ISS according to age of the men and women in the collision direction, the men were
less likely to have a 12 o'clock collision when ISS>9 and more likely to have a 1 o'clock collision when ISS<9.
As a result, frontal crashes are more likely to occur in the 12 o'clock direction and the ISS decreases because the
likelihood of frontal crashes in the 1 o'clock direction increases with increasing age. Therefore, when men recognize
that they are heading for a 12 o'clock direction collision, they try to steer to the left to reduce the body damage.

Keywords : Autonomous car, Car accident, Driver behavior, Frontal collision, Injury Severity Scorel

2 AT FEASE 9 SERSIEXS U] A7 A Y(15PTSI-C054118-07) 0. & 3% APt
*Corresponding Author : Ho-Jung Kim(Soonchunhyang Univ.)

Tel: +82-32-621-5119 email: lovelydr@schmec.ac.kr

Received March 7, 2016 Revised (Ist April 14, 2016, 2nd May 11, 2016)

Accepted May 12, 2016 Published May 31, 2016

530



1. M2
Seubeh 10559 EUES WA BE ALY 58
A% Aoz A3 Aedel 2l Wzt glon, 4

T2 RAEEE A4 kst vk AsAE wolgel
wte} WEARLE TS HEje
e 7= s
, AAFE, AEor FRAY).

T Ak $ng FEdhs

q =
J=2 7P

-

l_,

Aeqo g

°B30% %
11.8%%F 2HA|8kaL, Flofo] HMEALILT} 25.6%,
o] 22.3%% AAFT)[2-4]. 28| AUFE
TR At Ao ® Eetal, AR B A
wo F2 A5 Eak SevE 43
SAEA 201349 SAAEE B4R Ay }
AP AFAL LA AFEREEE THE AR

Hjgte]  AUFEAA  AAEAFEAEE T
*100)0] A ERATH6]. olAH AFAL 7
2} ers Aol Al X 4]

&3
g

o 2
%7%‘

[e)

al

!

Uxi_é_‘au ]’

HU

Mo
[

A= SRl A

)
ar

)
B~
>,

o 2

i oy £
o =
it Rl

>~
>
g or
R

i o (2 o
ofr
Qi
=1

it
[o

¢
ol

o

Q&

)
ofr
ol
i

09:"4
offt
tlo
AN

=
ofje
it
1o

o
oft
o

o
Ef
A

ol
_r>i
Lo,

i
N
¥
RN
Bt
o\
N

N
L
a
i

(ISS; Injury

531

(National
NHTSA)<] CDC(Collision Deformation Classification)
=S AHESte] ARFES 114, 124, 1A4] e s
TS AL, 3)Fe ¢ Al A
l Eﬂrﬁ‘r TE8kATh @101]*1 Abarzbe, Aba
& KIDAS(Korea In-depth Accident Study; 3=
E&i AzzAhet A AR 7S F 1SS(Injury

AAEFAF) WeS SR

Highway Traffic Safety Administration;

a3k

0;

s

odk

=

Severity Score; 3

2.2 Atz2AgiH

EA 44 Minitab 172} SPSS H 7 22.0(IBM Inc.,
Chicago, IL)& AH&-3te] A5t e FA AT
A pgke] 0.0519HE BAIH O R ov] 9l AoR dt
S ety AL Nn BYS son el 2}
Z, 1SS, =Wk vas g A XEAHEA](One-way
ANOVA)3}te] W aak it

3. 94 At

3.1 ity EY

AL AE F 240807 I 1827H(75.8%)°]
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Table 1. General characteristic (N=240) Interval Plot of age vs CDC code
95% CI for the Mean
Spec. N(%) 58
Male 182(75.8) %
Gender 54
Female 58(24.2) -
20~29 31(12.9) g ® /
<
30~39 51(21.3) . E\\\_ /
40~49 59(24.6) " T %
Age 50~59 65(27.1) b
40
60~69 21(8.8) 110'clock c;)z; 1::;9 1o'clock
70~79 10(4.2) The pooled standard deviation was used to calulate the intervals.
80~89 3(1.3) (A)
11 o’clock 78(32.5)
g;gé:gg 12 o'clock 134(55.8) Interval Plot%t:/f é‘g;r\::ech?efncode (Male)
1 o’clock 28(11.7) &
Sedan 131(54.6) 60
SUV 47(19.6)
Type of car N P
Truck 40(16.7) 2 L
50 .
ben 22(9.2) 7
45 \ﬁfE
40
lr-z—_%fl:% 1}\] H Eo]:oﬂ }\—1 lrr:}” L}.}:/]_Ll—\;].(p<005) 1],:];]],3] 11oclock CI‘_')ZE 1::;9 1o'dlock
o‘i Eé] oﬂ [L]__E_ Xé =] %_ ];]]_ ]: ] /H =11 }\] ];]]_6}:0] 47.10+13.88 The pooled standard deviation was used to calculate the intervals.
(B)

A, 12A185F0] 45.24+13.78A, 141 Wkl A 55.73+13.38
Az EAX L2 el 01Eﬂo] #7]—% of weh 1A Interval Plot of age vs CDC code (Female)
o] FEo] A e THp<0.05). e oJ=te] 4 2o Clfor the Meen

T ARl W GUFE PPolA= SAH R nﬂs}
A A YERSETH(p>0.05)[ Table 2, Fig. 1].

E’ 45
. . . . . \_\\\\
Table 2. Frontal collision direction according to the A
age
Collision M sD F P * 11o'clock 120'clock 1o'clock
direction CDC code
The pooled standard deviation was used to calculate the intervals.
11 o’clock 46.46 13.47 ©
All 12 o’clock 44.43 1340 | 431 | 0.015* ) o o )
Fig. 1. Frontal collision direction according to the age
1 oclock 52.46 12.04 (A) The older drivers show that 1 o’clock
11 o’clock 47.10 13.88 collision happens more in car accidents(p<0.05).
(B) The older people among men drivers show
Male 12 o’clock 45.24 13.78 3.83 0.024* s .. .
that 1 o’clock collision happens more in car
1 o’clock 55.73 13.38 accidents(p<0.05). (C) Increasing age didn’t
1 o'clock 4380 1161 ha.ve influence on collision direction in women
drivers(p>0.05).
Female 12 o’clock 41.60 11.79 1.80 0.176
1 o’clock 48.69 9.42
3.3 Ltojoil EE}% NEEF
* p<0.05 ]
Lpolo] wp 2L v]ws] 2 A} 44.85+£14.78417}
Sedans <A o}ML SUVE 47.49+12.204], Trucke
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47.52411.454), Van 47.18+11.004 2 A% on)&=

ATHp>0.05)[Table 3, Fig. 2].

Table 3. Type of vehicle according to age

Car Type M SD F P
Sedan 44.85 14.78
SUV 47.49 12.20
0.74 0.531
Truck 47.52 11.45
Van 47.18 11.00
* p<0.05

Interval Plot of Age vs Type of vehicle
95% Cl for the Mean

1

Sedan

40
suv Truck

Type of vehicle
The pooled standard deviation was used to calculate the intervals.
Fig. 2. Type of vehicle according to age Sedan had
lower driver’s average age than other type of

vehicle but it had no meaning in statistics.(p>0.05).

3.4 L}o|, X}&=at Mo = 1SS

Lholol wh2 1SS<] 3t Hlai= 1SS 93 o] 4-S X
7} Z|Eo 2 Adle], 9-S V|EFo
9 m|vty} 9% o] o FRdfe] 21FOR FABS
o} 1 A3 9 ulukel A 4522413214, 97 o] ol A=
46.94£13.78M2 A vl FAATHp>0.05)[Table
4, Fig. 3A]. 2Fol W 18S9 HuHsE SUVZE
123941823402 714 =9ty IS 0= Trucko]
11.60£12.59%,  Sedan®]  11.43+12.48%4, Van©]
10.95+12.96 3 0]{tt. AN EAH o= frofn|gh A}
o= A th(p>0.05)[Table 5, Fig. 3B].

.
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Table 4. ISS according to the age

1SS M SD F P
<97 45.22 13.21
0.96 0327
>93] 46.94 13.78
* p<0.05

Table 5. ISS according to the type of vehicle

Car Type M SD F P
Sedan 11.43 12.48
SUvV 12.39 18.23
0.07 0.974
Truck 11.60 12.59
Van 10.95 12.96
* p<0.05

Interval Plot of Age vs ISS
95% Cl for the Mean

29
ISS

The pooled standard deviation was used to calculate the intervals.

A

Interval Plot of ISS vs Type of vehicle
95% Cl for the Mean

R

Sedan sV Truck

Type of vehicle

Van

The pooled standard deviation was used to calculate the intervals.

®)

Fig. 3. ISS according to the age and type of vehicle
(A) We made 9>ISS standard as a required
treatment, the average age is high under the
condition of 9>ISS but it was not meaningful
statistically.(p>0.05). (B) When comparing the
average of ISS by the type of vehicle, SUV
had higher ISS but it had no meaning in
statistics.(p>0.05).
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Table 6. ISS of collision direction according to the age of male and female

11 o'clock direction

12 o'clock direction

1 o'clock direction

Fitted Line Plot

11 = 01802 + 0003321 AgelMale$529)

Fitted Line Plot
12 = 07837 - 0.003454 Age(Male5529)

Fitted Line Plot
1= 003611 + 0000132 AgelMaleI5529)

gm % ook i oo
Male E‘znn £ o _F;m. c e
185>9 i L - Eounl - e
F P F P F P
2.69 0.162 7.67 0.039* 0.01 0.929
Fitted Line Plot Fitted Line Plot Fitted Line Plot
11 = 0.5466 - 0.005046 Age(MaleISS<9) 12 = 0.8250 - 0.007686 Age(Male,1SS<9) 1=-03714 + 001273 Age(Male|SS<9)
1889 fa P k-
F P F P F P
1.28 0.309 3.70 0.112 8.12 0.036*
Fitted Line Plot Fitted Line Plot Fitted Line Plot
Female £ £ = £ om
i S g
8829 f.. I ; Fom T
o E) 0 £l ,:;e E) ) E) E) 0 E) ;;, C) 0 ) E) 30 E) As; C) 0 )
F P F P F P
11.60 0.019* 27.39 0.003* 0.08 0.793
Fitted Line Plot Fitted Line Plot Fitted Line Plot
11 = 02357 + 0.000375 Age(Female,/S$<9) 12 = 1.010 - 0.01367 Age(Female/SS<9) 1= 03619 - 0.004575 Age(FemaleSS<9)
Yo . ; ;‘j: 3 o
Female ‘j oox o S e fli ‘g e
1SS<9 fam - He ) § o -
F P F P F P
0.00 0.962 22.40 0.005* 5.67 0.063
* p<0.05
o] TS E 114 W 124] W TEAA & AAT 7MeAo] =& FUTEY deolHE TAste] F
AXoZ FolahA 7HAdkth(p<0.05). T3 1SS<90l]  Eo] Wk AAENAEE Tletste] AlaE Fele =
A Aol FEFE 124 W FEo] FAXNLE & AFTHEE ARSI JASY AEE gofstaat et
o3}l 723+ BH(p<0.05)[Table 6]. AUZES 114, 124, INZ TESFIS ), 114
(32.5%)9F 1A1(11.7%) W& TERT 124] ¥ 5=
(55.8%)°] =A UERSTE 1241ake] 114], 1A] #aks
4, &t o FEo| Bo| doudths AL XA AUFES
AAEHA] FBAAY, TES AT E dahH] £
B AT ekl dojuhs wBAbaelA 5 @ glow wdyn
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