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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.
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(National
NHTSA)<] CDC(Collision Deformation Classification)
B /\}4‘10}01 AUFES 1A, 124, 1A] BFes

= Al

Highway Traffic Safety Administration;

_;Luol—ﬁk
KlDAS(Korea In- dept Accident Study; ¥
E&i AzzAhet A AR 7S F 1SS(Injury

AAEGHS) NES SR

Severity Score;

2.2 Atz2AgiH

EA 44 Minitab 172} SPSS H 7 22.0(IBM Inc.,
Chicago, IL)S AHE3te] A8t BE FAA T
A p#tol 0.05W]RHE SAIH 0. ofn| 9= Ao et
stk duby EAL Wk BAS sglon o], A}
%, 1SS, TEWEe] Hlus ALY XEAHEA (One-way
ANOVA)3}te] W aak it

3. g+ &

3.1 Yuty £

AT F 2408 02 FAHE 1827(75.8%)°]
L, o3ARE 58'3(24.2%) 013 AR TEOE Wl

< o 200 12.9%, 309 21.3%, 40U 24.6%, 50U
27.1%, 60d 8.8%, 70t 4.2%, 80t 1.3%= 30~50t]7}F

E2 &S AA A= 2T 509 HlEo] 7P =gt

th AWEE-2 124 Wl A 55.8%%2 7FY =9k, th
o2 11AWEFo] 32.5%, 1AWake] 11.7%2 Yebst
v} 2}kl FHE Sedan©] 1317%(54.6%) 2 7HE =&

, T 02 SUVZE 47%(19.6%) 0] 1,
7} 4078(16.7%), 227(9.2%)°lltk

ﬁ%oﬂ ILP% A

= = AR
(One-way ANOVA)S Fato] £A18) & A7} 11714

o] Bt 46.46+13.47A), 12A]%-3Fo]
whakol| A 52.46+12.044 5 BA 2 08

~

4.43+13.404, 14]
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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) %
SUV 47(19.6)
Type of car N P
Truck 40(16.7) 2 L
50 .
ben 22(9.2) 7
45 \ﬁfE
40
955 14 ol B JETp<0.05). WAl s,
o‘i Eg oﬂ [L]__E_ Xé =] %‘l:é_ H}s ];oﬂ /\1 =11 }\] ];]]_-5—];0] 47.10+13.88 The pooled standard deviation was used to calculate the intervals.
(B)

Interval Plot of age vs CDC code (Female)
ﬁo‘tg] %%o] = ] LH;]_(p<O 05) :LE-]L} 01;(],/] 95% Cl for the Mean

L Ao uE AHZE kA= EAH 02 §9) o].
2] %A YERSTHp>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] w2 2L v]ws] 2 A} 44.85+14.7847}
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).

, XEnt dEol| mE 1SS

Lpolof] wh 1SS9] W MW ISS 97 oS |
7} 71Fo 2 Pl 948 V|Fo R AA3)
9 m|ty} 9% o] o FESl 21FOR FAIBS
o} 1 A7 9 ulkel A 4522413214, 97 o] ol A=
46.94£13.78M2 A vl FAATHp>0.05)[Table
4, Fig. 3A]. 2Fol W 18S9 HuHsE SUVZE
12391823802 7} =9k, IS0 Truckol
11.60£12.59%,  Sedan®]  11.43+12.48%4, Van©]
10.95+12.96 3 0]1{tt. SHANE EAH &2 frofn|gh A}
o] ¢l thp>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

NY% 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

50

4

48

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)

12 = 07837 - 0.003454 Age(Male5529)

Fitted Line Plot Fitted Line Plot
1= 003611 + 0000132 AgelMaleI5529)

gm % ook i oo
Male L £ T CEE R
158>9 & i - - S 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{Male|SS<9) 12 = 0.8250 - 0.007686 Age(Male|SS<9) 1=-03714 + 001273 Age(Male|SS<9)
Male 7 ! .
H H 3 _
ISS<9  fam 5 | -
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 s: ao% %m ‘s o o
18529 L. b -
o E) 0 £l ,:;e E) ) E) E) 0 E) AS;, 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 oo S e fli ‘g o
1SS<9 g T - Fam £ -
F P F P F P
0.00 0.962 22.40 0.005* 5.67 0.063
* p<0.05
Ao] S/IEFE 1A BEy 124 W SEANA 5 X sleAo] B2 AUFTES HolEE 245l F
AX o2 FolahA 7HAdkth(p<0.05). T3 1SS<9ol]  Eo] Wby AAEHARE Tetste] AlaE F5le =
Al Aol FEFE 124 W FEC] FAACE §  dFHIE AES JAEY AEE gotetaa} etk
o5t 14319 th(p<0.05)[Table 6] AUFES 1A, 124, INZ FRSAE ), 114
(32.5%)°F 1A1(11.7%) B3 TR 124] $3F S&
(55.8%)°] E=A YebtTh 12A4148k0] 114], 1A] WakR
4. D=t T} $E50] Zo| dojuths A A} AUFES
AABA] EFFAY, FES XA H = FH3hA] E
BoAdE A2kl dojus aEAlmelA FES 3 Aoz Wy
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Aol ute} AAFE W Table 218 25 w &=k o vlgke] SUVZE H 2 48 948 7sAlol Euhe
oA FAACE FostA vt BEE 1AM Aotk ey SUVAREFS Ak o g obdsitia
SEo] Uokth ojzte] A BAK R oule YA AAEAA A E AT 12]. AR HS ARgre] SUV
9 [Fig. 1IC]ollA 8ol &5 1A WA S8l A &HAsAY Aol H-53 244 2& A<
OFF o W2 AS B 4 Utk Cicchino IBF[8]9] A7 §AJo] Akare] f1go] =i, Apgo] ol A EALLY} @
A B Fdd wde] FAE AlQlsta wde] oxp o] Yojuhar ek SUV BEAl Al A7tE &8 & 5
SRS dEe] S AR ehH Kaba, okakeke]  SIti13]. whEbA SUV AFFARILE Sedanell H]3Fe] AbaL
A} £EE5 A% wdshs 497t Brhe A7A el Aol go] dojubx] gt Alazh dAskd A}
A BEo] vo|rt e e FES AAEH AluE & Alare] gk AlA 48 wol wA Fof ISSHFF
g3}7] flte] AES Bol 1AMT] Abart Bk, =& AUt BE AeR Helth
o7t B A9 Aew TEEEE AR dAEHA [Table 2]olA W] dAFe] &5 124439
Bohe A7 B Aolgt Azt e Yot B FEL2 hAdk, 14 B FES SUEITh o) vt
= H AARNAE Yol 7} FolH R 1A] e FE0] VIR, [Table )94 Ao & S50 ISSE
O Be AS B 5 A%, o= dAF ez dxh & AP =R nas s W de Fe SAHeR
HAAZY QA Hgte] 75.8% % Wok7] Wied 21 skl ISS=90A d# o] T 124 Wk &
o2 Helth, Ma Aol d2 Al Tde] &4 52 TASAUTHE=7.67, P<0.05). T3 1SS<9ol|l A 23t
Aol A7 g 0] BEFE 9 AXE ¢ Fae Ao A agZE vwgds w Ao TUMESE 14 ek
2 UERRTHY,10]. WA 2 AFeAE o] S7F FEC] BAXSE fosi F7IBISATHF=S.12, P<0.05).
A5 ALaLe] 7S S0 QXEtY FES I 0Bl P A d¥e] TUMESE AN F
7] flEl eSS %oz Sof AT EQ 1A W Bo] o (e FEo] FUISIAA A &4
o g Z=o| HE dttu AZE B 4 gtk s o] Zoju: oz FAE B 4 ) uehd YA
B Ao e LAk 448 2 EYdAE BT AeE dgo] S/ETE 124] WA 14] WEge g
T AL, AT} dFto] 1K), 2EFe] A FES A AAEE FolE sk AE S skl |
webA] Aba 2 FES oue Weo R Eof Alug A U FEZ S ISSHEGTL Yol QS B
Folgle =8-S =X g8 gled 4 Stk wep Stk oAke] B9 AEe] S/FEGE 1SS=994] 114]
A olefgt e Bdt F7HA QA ATt Basith weko] SEo] 7438k a(F=11.60, P<0.05), 12A] -3

olo] wh2 ISSHSE vuRH X587 B89  FEE 7ASIAUTHF=27.39, P<0.05). T3k o] A
ol wt 97 mvto A A#I} ApolE HolA] gty o] FUIEFE ISS<90ldloll A 124] W FEo] 7hAs)
EAA olv)= ¢IAW [Fig. 3A]¢] EEE BW X887 QAUHF=22.40, P<0.05). 9J49] A$- delo] 271342
223 97 oldolA Hitjol7} I3k A et 1SSHESE 9F ol T 9F vk BE 124] Wk FE
AR o] T& A7 &S dodE MY T8 A AR Folme AS B 5 AT wEbA o] A
g aQlo|H[3], 554 o] AN FHFE, = ART FUFTE A W] oig dade] jivka
THFE 5ol dold A A7 &3] TkeE slE Fleitha a4 9l
v AFAA 1A BTo] vol7}t T7t $55 A 21A1715= w9~ w2 A Wkt ok s w3
AtaZb dojd A9 A7 s Bhs Ut o, 4 2 WEsiE A FRIANEAE 58 Bl Nevada
o 99 w3k FU1sk Aoz Wl ol A<= Freightliner Inspiration Truck®] “AUTONOMOUS

Aol whE o]} ISSHF vl E BAF o] VEHICLE’o|ghs WMERe 9a T3LZols F3g
= AT AUSE AR [Fig 2]o14 BHW vel7b F =S e $9g Ak ogd 2A&Fd E
&% SUV, Truck, Vanoll HI3}o] Sedang Eh= Wl g3} 22 FlAEa= doljtiel 44 svzts &3
b oFzh =9ka, SUVOA ISSEAE ) ot i & A S X8k 558 3, & Alols e 5
A Jebtth Abarh B S A9 Sedan, Truck, Van B AAS ZEA I YA AFRA A] A9 ), BE
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o wARS 7L ok ol EAlR T AL
Algt B el A Abar A FRAAEA AlsEe
Ak U] LHApe] EFS Hagow Fojof & A
ojth. & ATolM AHFEo| dojd Af A5 50l
X e w FEo] dojts o ISS7h w2 s &

T AT weEbA E8 R dleAbarelA] Fdel A

Aok EAG ] B HAE AP F Ak

[9,10], JAIEZES =o7] Q3 AES 9For S0

A3 &) 1A BE FES SFle] Abs vE

T ' FRIAEA] S A8 AUSSlME 1A %

T FES el AR EFS Hagom Fofof

& Aol Ee AFANTAN U FE] o

& S PELAS Botol FAAER A28 QHY

Aol GZe] Bastt,
5. 48

AAFELFS 124 FPol A Y e NER <
o, Aol F/HA4E ANFE WPl 14 WFo.
2 mopdd] 53] Pl 124 Mg 5L X3
L ASS Q%o Bol 14 W FE el A
E4E Zolt BB Atk webA] FARER A2
e ehigAE EAbue] Bhue guFEelAE
WS Bol 1N WHOR FER] A4 £4S F
ofof & Aojt},
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