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ABSTRACT

The study is to analyze the aggressive driving behavior in the protected/permissive left
turn(PPLT) intersections in Gunsan City. As a result of the logistic regression model, increasing of
driver’s age and driving experience, non-peak time, no company, sedan and male have a tendency
to behave aggressive driving to the opposite vehicles. When the vehicles try to turn the
unprotected left in the PPLT intersection, the opposite vehicle drivers recognize them at the
aggressive driving behavior if the distance to opposite vehicles is not enough. The relationship

Received 20 March 2017 between driver characteristics and the distance to the opposite vehicles is analyzed under aggressive
Revised 14 April 2017 driving behavior. increasing of age and company, peak time tend to influence the short distance
Accepted 20 May 2017 opposite vehicles while male and higher driving experience the middle and long distance. Sedan

@ 2017) The Koxea Tastfee of has the aggressive possibility to shorter distance opposite vehicles rather than others.
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ZBA4 TlEo] AErEe] O QlF REuFS g A AHH 0w JFS vA = wg
To% 947 IR Ag F2 Utk Td, A A AFaks 5FFoEA FHHU SHUE A
A%k FAEHE B SHo] e AR Aot E2uEF T TASS FA6 25tH 2013 =
WEATL AFgAE A5} 19 HiE 228 02 347) OECD =715ol4 ), B th&o® o &

EWEATLZ QIZF AF3) A H]go] 2014F 7F 26% 5HA 2 e} A% GDPY 1.8%, =7} AA

Aol 97%0l o] ARZE Tigk AAA £Ao] WA Y= ‘Z4°]ﬂ(slsa Magazine, 2014).

WE I A e FVIE T EE R B4 EEAolth #Ol watEol| A 23] H
BRAE vse BEAL, AFHA, $E e d9S 7RI Z}E«] J}AGE grslr] 9JsiA = vk

2 o]FFv JAFHAY FAFHo ok s, vlEA g A FYPRFE Y FAEEE Q’E'S]'—Tl, =g
23 A5 EEEolof gtk 53], F wEFY FeFd asAoe}t Ao by
#3)7 nERe A At Basi

AT 2014 AR wFEFAA ARS RARARE A A O ATl shHE Al o
= H5/HH 53] H(PPLT : Protected and Permitted Left-Turn) Al ol thgl &x212] Fef & EXMsl=t] &
o] Stk WA, SAW PPLT wat2/Fol|A vl Ex3]d A5 #4330l Utun =3 ol thaf 3
78] AR AE BAstaA @k olgdt wARFNA L] FAH LAY = el Jor 2Hgatod]
Ht9Hl WAL E HAYAZL 4 A TH(Smart and Mann, 2002).

A% A= F2 AUH 4T 5L Aol F2 4T Fhovanovic et al, 2011; Blankenship and
Nesbit, 2013). Elena et al.2011) 7%l 74, o Zo] AToA HolY £ B3 wAE W
SADE dSsher 71249 2498 FRAARYS Ba BAstgom, 53] A Ao
A A H3FQ20US AASt YTh Dahlen et al.(2012)L S AFe] Alg]E2 <l = A
Feh s BAste, 29H AAL, AT 44, AE 47, FE 4 |
Anik(2012) = F2% AR T2 A Y] AL o7 wEALE vz yo] 2 ¥ Foals
5L V2R slo] 432 SAYHE EHsATh
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Shinar and Compton(2004)2 E204 F424 LAY Z HH4gE 28 d9, & Ay A%E 5
3 S 7FEAZE 9, 22 B Fol Jon. dEFS T 842X MJAEAHAEE, Yol, T3
Hol 9 A &
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25/ 2SS M(PPLT) wAtZolA o] SHH 2THE] o

ol Lisa et al.2017)= A¥ 2 driving anger’} 82 AP o) vX= FFS E4319 T

PPLT A1 5893 #d3 7|2EH e vrsh} ¢hdA AT Yoon et al(2015) HRE 23| 227}
AE HIZ W] JFR =7 EAehe 34 AARE FAUG R b 7etTF R} A F S Botsta
n A ZEAEF o] A-S TSI Agent(1987)= HIMEEE HEF3| A0 AFHE AAAARG a3
Holghs A& Fxsta, wE5A FAAo] E7] il 45mph AZEE T 37 AE o] tiEgAz
T ATZA o33 AR M= A S AAAT Song(2010)S HF714, nF e, FE-
15 AEA 0 5 3714 P R EE 3 d A5y a9E BAsHE, L WA HE
AAA A7} Zastgon, 1% 24343 nEF-UE AEAojoa 2 32 7| = v sk

AP E2FZNA A #AE 347 AP E Holv 44 AAA a9l
PPLT A&l tigh E4jo] d= o] Yt} Aol PPLT watZol|A vt A gFo 2 stoig &
AX FAYPEE A st HEERI A & MAEHT FAH e sl £
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A5 wo = gr2Hol A iyt A @A) Ao Art SESEAY AFEFe] flow 23 H S 83t
EHQ23 25 gi7|A7He ER0h 2 A7 344 XY=
2] Y-S FAA T #3AS A= A5 gtk o] A
YA, Beola, AEWMA, AxF 59 I WHoE ENhs FA ST dRkH o
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PPLT wA}22Q ARAL matgo|n, ZALE 2016\ 3¥F HUo| o] Fojxth
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(Fig. 1> Study Location (Fig. 2) Data for Aggressive Driving Behavior
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(Table 1) Definition of aggressive left-turn driving behavior on opposite vehicle response

Brake Direction lights Lane change Honking Others(abuse, etc.) | No. of vehicles
Percentage 46% 4% 29% 34% 17% 120 vehicles

Percentages are duplicated

A A g Me-e BYSIYT Ao Bl 9XF Ao e WA HAHOE
$E 1om vk 42 ARl tgAgel A AYE WA AU UG HIAF AR
HEEEEF) 7}&—04#——3— Do 5 A0 ARG we] A= sk
PRLT mA2 4ol MREssl AL o) Wl el 42, vefolL, A=A,

Ax B9 5 B o HIEEJBM AFeBe FAH LAY AToIAE BB 2AAT
ShgAol A 1200) B4 HREH3 R Aol ZE/\}Eli’i—t— L FERHSE 1T ), Beo)a 24, 4
ARl dRER 243 o, 3, 0% 59| £O2 S HeGI<Tibe 1. 45 A 02
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A A =R ] Chissquared(a?) 74 Masau}. —Er*ﬁ.zé_‘ﬂr %aa oA 8 AMe A
Mo £84¢ HolA oo} wx Y Ee Al A 1 3

oA Hola glom, 7g WiFEd 2 72 $A4 T8

1) 7|=20|2

By A5d A ARE Z4] SJelM 2P RF ] AedT 2R IR
9 R 2ol FEXE 7H HFES A8 A 851 £3] &3 (contingency table)W] 7t M=
o] 7RIS & dSsta WF b AAAA S} FeAE-S AHdth A7 A5 AR Lol A
aAS el 3x+Y Feje) Bl E3}(unsaturated) EIANFRF S FEset, GYF] HwRTE w33
AR FEEgo 2 Ao Attt =&, ASH 234Y BAYHES AHES 391 5E 8k nAEt
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(Table 2) Data

Cross Table
Variable Description Range n - -

Chi-squared Sig.
Male 523

Gender Driver’s sex 0.060 0.806
Female 153
20s 298
30s 128

Age Driver’s age 198.461 0.000
40s 106
50s+ 144
0 204
Number of persons riding together 1 276

Company with driver(persons) 5 120 20.947 0.000
3+ 56
09 52
i ivi 10-19 332

Experience Time length of driving 53.087 0.000
experience(years) 20-29 240
30+ 52
1 557

Sedan Passenger cars(1, 0) 11.301 0.001
0 119
1 68

Vehicle Suv Sports utility vehicle(1,0) 7295 0.007
0 608
1 43

Buses Buses or trucks(1, 0) 3.139 0.076
0 628
0-20 116
i i i 21-40 232

Distance Distance from intersection o 456355 0.000
opposite vehicle(m) 41-60 220
61+ 108
Peak 256

Peak Driving time(peak=1, non peak=0) 110.064 0.000
Nonpeak 420

3 8 e
FER, ol BAAOL 74P 2B VHAOE TAYol 4L BYol/] WEold, W 119 227
g 2IAYRYL T3t gk

log(1m;5) = A+ AL + X! 4+ X; A+ N+ N O
log(mm) : 2 Wl digk JigiklE 23,
A Fa

AL, NN, y, 2 BFY] FEI

X N N sy, 2 BF AELE BEAE

ij 2
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2o g S #A5ge YA AA o] A EH, log-likelihood A =(G%)7F AHEH T ¥
528 24 a8l 7199913 S(odds multiplier) 7} ]%Qtﬂ F &g o) 344 A E L
A ThsAl ol A= FEFE PAA Hevke gES YRt MY AREA A HEE ZfolH
A8k Fostth A4 g

log(my z/mg;) = INHAT+ N XAV AT X — NG+ X+ N+ NG+ MG+ A 2)
(m/mge) = expIN] — X5 ] exp N[y = X§Y] > exp X — Aji] @

exp[/\ —/\5}% HlEA2 2AYE7E FAH R & FES retH, expA\Y — MY, expAj; — A
0 olaold 2244 LxWele] FisAo] ZATL ATeINE 3 WFe] =1
Z g 1 TR WeE Aty Al WA WeE AEste] fo
BAY A=} 2y d4S golstA s fsiAelth

ATtHd PPLT watZol| A v RS HA 44 LAPHE Ho|= 4o AFste &4 &
247 o 2aXERgS sttt RS UubA 0 F likelihood ratio( G2)# $
AR AFE Adstet] ¢*Fko]l 245 2F 9 Al Aette AFIHEE 9
o (H,: ﬁé° A Aol mgo}q m: B39 AAAe] At ¥t A2 Fhol A4S A
p#o) 005K = o8& 1%—/\]{15}.
7z A MOH tHo}Oq o] ¢} TXW tjjol| w2 zfol&
Y& BT, <Table 4>l4 = 344 FHPE o 7 o] ‘3—! i}%*%%ﬁ FE A 2 A
£ HoEt HHARYE ASH TIXAYENE 53l A "] FEI D 2-waye] 7HeS
2 FAHH, G”‘ol 401, pgkol 0351224 A4 2 FoFES W=5Hith PPLT wAtE
T &89 Fol 872 F A, BAAH Yort g2
= v 347 LAYPHE Holal Ik AL LAALTE ==
A2l SHAES Ho|L(Kim et al., 2006), PPLT m2tZ o= v R 53| AA] theka}ako
ol AA UEhsth ol EETIHY wAtEg A ] A E ] Aol dAdkETh EF, HFAIR
A A3 H SAYE L e gEo] WS EA ANEE, FFA B2 AFFTIE oA
3 A7 SR EA ol 3AH< HIELM Aol 7137 A" & Uk
A4 LA AHIY FeATo] wet oJwd AolE Ho|=A] dolith <Table 5>+ ¥9
Rgo] AHHe BT <Table 65914 G23k0] 0.75, p#k©] 0.68652A4 ZEFA L Fo|FE2
o A7 Sle AS 344 SAYHE Hole AFo] 433 w4 YEged A7 S71sHA
Ao 2 bAsAl &A= AElA 88lo] HFA A P& Ho|= ZoF dAHAT dAo] o4
£ HolE A¥o] & Aole GAT 4t 2 Ao 2 YERT 7|85} 1L0ET
FEE HY o] FolAA Ak FA2 7Y T =TT 094924 thEFatae] 9
425HA itk APAFAMHE G2 wE Aol Alarel] o] AR =
ATAFE PPLT w20 342 LAYPHE BY o] ot 552 Btk
FAA A et AP EH AFTFEY Aol Yol th <Table 7> W9 #S3 2
23S HolET <Table 8>0ll 4 G?#kol 1.86, p#kol 0482624 A3 9 fo|Ee W8Tt &4
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(Table 3) Observed and predicted values of age and peak by aggressive driving
Aggressive/age Non-aggressive/age
20s 30s 40s 50s+ 20s 30s 40s 50s+
Peak 1(0) 42) 709) 12(13) 208(211) 96(85) 40(43) 52(57)
Nonpeak 1(1.6) 4(6) 39(37) 52((51) 88(85) 24(34) 20(17) 28(23)
(Table 4 Effect of age and peak time on aggressive driving
Age Peak time
20s 30s 40s 50s Peak Nonpeak
Aggressive -1.474(1) 0.329(1) 0.891(1) 0.913(1) 0.573(1) 0.573(1)
Non-aggressive | 1.474(19.067) | 0.329(1.930) | -0.891(0.168) | -0.913(0.161) 0.573(3.145) -0.573(0.318)
G?=4.01; prob=0.3512; () odds multiplier
(Table 5) Observed and predicted values of company and gender by aggressive driving
Aggressive/Company Non-aggressive/Company
Operson 1person 2persons 3+persons Operson 1person 2persons 3+persons
Male 48(42) 24(30) 16(15) 303) 104(115) | 184(183) | 100(93) 44(40)
Female 8(14) 16(10) 4(5) 11 44(33) 52((53) 2027) 8((12)
(Table 6) Effect of company and gender on aggressive driving
Company Gender
0 person 1 person 2 persons 3+ persons Male Female
Aggressive 0.368(1) -0.034(1) -0.043(1) -0.291(1) 0.026(1) -0,026(1)
Non-aggressive -0.368 0.034 0.043 0.291 -0.026(0.949) 0.026(1.053)
G*=0.75; prob=0.6865; () odds multiplier
(Table 7) Observed and predicted values of experience and auto by aggressive driving
Aggressive/experience Non-aggressive/experience
0-yrs. 10-19yrs | 20-29yrs. | 30+yrs 0-9yrs. 10-19yrs | 20-29yrs. | 30+ys
Sedan 1111 47(44.) 28(29) 24(26) 36(32) 216(228) | 172(167) 23(19)
Others (D) 1@) 43) 42) 4(8) 63(56) 36(41) 15
(Table 8) Effect of experience and vehicle on aggressive driving
Experience Vehicle
0-9yrs. 10-19yrs. 20-29yrs. 30+yrs Auto Others
Aggressive -0.015(1) -0301(1) -0.348(1) 0.664(1) 0.246(1) -0.246(1)
Non-aggressive 0.015(1.030) 0.301(1.825) 0.348(2.005) -0.664(0.265) -0.246(0.611) 0.246(1.635)
) odds multiplier
163, MI32(2017H 6¥)

G*=1.86; prob=0.4826; (

34 orRTSYRl=EN



o

SSMHIESHESMPPLT) BAtZoAMel SAHH RHHE] AT

SHAAE] AU ARG 2 FAZ P E BHRATh ollA AFH Yo7l B2 AL 1Y
ZoE Aro] A% LAY AHAE eSS 7HEE & Utk &4 Y 29 o]kt H]
AP E Rol=d|, 53] 10dol| 4 291 d9] A7} <F 2u) 9] 7h5A-S Btk $83t% 7]EKRY,
, H% 20l g 2ol 9l 71%@101 A 44 deE BY 7FsAe] Atk 719z 7]ER
S&3tol| nls) 1.6358)2] wlF 3| W& B Ago] E& wdd| F&3} 06119 STk
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PPLT A2 o)A MRS %3 8e AEshs 2% tfgatgne Azt 28900 8 4 ged. o
A7 WOl 5 Qi S 8AU AR SHoIt FUBHO| FFS WL 5 ] WFoIth FES A
27k GuEA g AR sl HRNAL AR T A9 F44 LAYUE HolA HoR AR &

[e]
s
A Eatg7EA A mE BAE E4S 93 &3 A EF(Ordinal Regression Model)©] T-FE T}
71 ol4kd EAS BY u] ¢ubA O 2 multinomial probit or logit model®] AFE-ETE L}, 99
< TERFT) o] 54 A 9 BAES BY AF ARY £4S AWE RYgeA Kok
| dot FEHAGFTE ol4He B4 3 =9 EAE BY Afole =3 ARY o] HEEojof 3
o, &7 84 F2HEE Zo] obd @A = E WPl oF K Greene, 2000). EWF IR
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Prob[yi =] :Q(uj—ﬁ,xi) & (u U /3$ ) -
L= Z Z_log(@(ujr—ﬁ':ci)—@(ul—g'xi)) ©

o ARE HERH, wt g2 Sl o8] Agd p7 &
35 71420} <Table 9>& PPLT mAF2o)A wH 5238 A g2}

A FAH 4FE B LA £4 3 #F00e SPHUFE dta dFFIAAL AE el
NEAE Fol FHUFE BLATh FAA ] A2lE 0209 EHE 272 shor), 214071 E1E FA 2]
(middel), 4171E] o] 43S DA (long) 2 HF31HTH

(Table 9> Aggressive driving by opposite distance

Dependent variables(/) Independent variables(x)
41 =0-20m T short distance
Y9=21-40m middle distance gender, age, company, experience, vehicles(sedan, SUV, buses), peak
Y3=4lm+ long distance

(Table 10> Aggressive left turn driving behavior by distance to opposite vehicle

Model results Marginal effects
Variables
Coefficient t-value p short middle long

Gender 0.9318 7.954 0.007 -0.3178 0.1881 0.1297
Age -0.2537 -3.137 0.015 0.0978 -0.0503 -0.0475
Company -0.3431 2231 0.038 0.1323 -0.0680 -0.0643
Experience 0.0299 1.839 0.095 -0.0115 0.0059 0.0056
Sedan 0.071 6.100 0.012 -0.0273 0.0144 0.0129
Vehicle Suv 0.1098 1.112 0.120 -0.0428 0.0210 0.0219
Bus 1.2741 3.024 0.037 -0.4535 0.0544 0.3991
Peak -0.122 7.294 0.010 0.0466 -0.247 -0.0219

index n=120, df=7, Chi-squared=24.043(p<0.001), £2=0.2049

2) EAZN

AFgke HolaL glo] Agdes e
de A=stlon, dAadE dvnd
=, S92 oAl mls) 2l F-AAA AR A= HFAFoE st
ES 8hal )tk Yol O#eE Yo7t S7F E= 7k Al f1Als 3
HIH 33| S Holn IAET BHANE 2AE Aol &<
Aol A 4" ZAAH PPLT wAtz2olA TP+ S7h= 344 Hliiﬁﬂ%i
< W AR, 344 FAYEHE B FF A gl 4de 9
Ho| A4 FH & HolaL Yo Aol xS T8 9 A hFA

<Table 102 347 £ADehol D& 2 AFAPAL ALl AT 2IAAZA 3L S
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