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Abstract

Traffic accidents at signalized intersections have been increased annually so that it is required to examine the
causation to reduce the accidents. However, the current existing accident models were developed mainly by using
non-linear regression models such as Poisson methods. These non-linear regression methods lack to reveal the
complicated causation for traffic accidents, though they are the right choice to study randomness and non-linearity
of accidents. Therefore, it is required to utilize another statistical method to make up for the lack of the
non-linear regression methods. This study developed accident prediction models for 4 legged signalized
intersections with Poisson methods and compared them with structural equation models. This study used structural
equation methods to reveal the complicated causation of traffic accidents, because the structural equation method
has merits to explain more causational factors for accidents than others.

Agel FeA89) AEnAR BEAD PYAFE At 274 de] BEARE A1) A% 99
=0

el vlg- Bestth Fuldla Aozl 71 wEAlnd S BPEL tiRE Poisson BF 5o HIAY g
F49E o] &3 AlnENo] FE o|F 1 Qlth HA3 Econometrics #A7IHEC] Alne] 4AE #Ask=t 7t
& 2T SAA 7el7le SR, mRolM BAShE weAle] AIEAA AddM HIehd old Atad S
BYPET S 1 AlndAe] A9ieES Fsked F2A9 A7) @it ol o3 EAA W Eo] A}
19 d3¥e zoledl S FiL, olE fd a5 fEd AuWsEnS Ry TFA] wEelth wt
2bA Abael] dis) Heh FAAQL Al E Sleix e AR S AR R Y] ALt Bl HAE Econometrics
A7 e Besle & b8 $AA =¥ dasitt old & Al Poisson7 & o]&slo] A
47 AzwARe] Al SRS Aeia, Ao B3AQ JAwAE SHste tsisdAE ¥EAC

243le] BB FRPYAE o §olel AnuPL Aele] Poisson BP9 A3} Hla-EAsHh

Key Wonds

Factor Analysis, Intersections, Nonlinear Regression, Structural Equation, Traffic Accident
SOIRH, WAR, WAF FARY, FRPPH, An

% Corresponding Author Received 9 August 2012, Accepted 7 January 2013
jutack@ut.ac.kr, Phone: +82-43-841-5158, Fax: +82-43-841-5410

© Korean Society of Transportation
This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http:/creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

thetwSets x| M31H HM1E, 20134 22 65



Article A Causation Study for car crashes at Rural 4-legged Signalized Intersections Using Nonlinear Regression and Structural Equation Methods

| M2
1. 97| By ¥ =5

Selvete] 2H5AF SR 2 10897 A48 0
2 Z7ksk] 20119 =dlE 1800%HAE doixleh. A%
2} SRS} A wEAlaL =3 37 5o 174 &
ARoZ T Je wEAtne B4 &4 8 7o}
Yt =710 IHd ngolehe HaE AT
o} o]& Wdsle wEAln EANFE AFEH 2005
Aeg 2006, 2007dE WHAFES
008 o|Fol= Z7} FAZ Eolla,
231,900 22 Advim] 7.5%7} %
bro] wEAly BAASE oA 7t
b mabR B2 il Yo 2Alst
S7kskar 1o oel] tigt #ahA el
. HEI G HIRPAAA R
AGnEAAZ nBAlL =
ol W&ol uige] HE 2
oo} g Hg Aol 9t}

delle 217t
A
d

53] 2009

DO

o

p‘L
%
£

Ko b ol
>,
S
- i
g
s o
HN
o

rr e, rr
=)

g
b
o,
rlI.
B

(

4
of
o
30
)

offt 1%
= o
e
=
e K
i)
~
ko
rir

O
NN
rh‘rgolﬂ
EHN\OH
TS L
o=
o

Y
fﬁﬁrﬁ;

HrJF_O‘>,ﬁ

oo e o
e
M
In
lo
N
ey
f
3
—>|J£
[0
X
__)‘4:1

o
B2

8Q0H T 1A
o] o Gk vl
AR A5 AR oAe
e Aol o] e vkt 298M S la g
], o] A9 YFE-2S Poisson £E Negative
Binomial Methods®] HAERFES o83l a9l

O =
A8 5ka ith, B8 0|5 8|43 Econometrics &
q
A=)
L

r
=g

lo

A7 Ee] Abae] et vidg s EA sk 7t
2 71%e] He SAH 7IMEclle s, ERA
TAske weAtae] 991 £4F AoA et o
A Almd & PP 2ETo 2 Al o] AuWSE
ekt FEAQ] AV EART ole w9l T

& 98l 5] fa AUisEThe By A
7171 wjolct. wapx )
7M1 o] FoIR = Alme] QB mao] gL 7))
TFEEC] Atae] M JIHE fEA R EAE=
o Be BAAS opr)sla, ol 2
W 291 Highway Safety Manual®] 2zt 7]sl+2d
Safety Performance Function (SPF)S AAlsl=d|

—_
O

o

v
ol

—
o
Mo
>

i)
e
)
el
E)
=

B o2l g2 opAsl gtk v TEE A 4
$. o7 WHE sl a9low TBAoR Rol Aw
£ 4¥e ¢ glon oz Q8] wr} Be g 4
2g #4395 9t P MR Aok A 7
YA e 54 AANSE olslolE old Aust
2go] 3l A7 we E) g8 5 gl
W, Q3 F2e] Gebdst Ayl AT 5

& WARE 94 M3 gk
ol ® AN E 712 AnEGAL] Bo] A1E
E AR PP PEES v
B

B Ao A AL Al AR E 2006V = A =
il AswatzE 11770 AN T msAk
AR5E ol &ation, wEAtne ddH fEasl
HAE 18] HAste] Ala oS B8 ATl F&
+ Poisson T Negative Binomial Methods
S AENEH T FALIE Y AsHAE B89
Ae T2 (Structural Equation Modeling)
43 BEE EE3I9lh. F REE B3l 7 2Eo|
Wohs WgE Hla- Bt £ ZRaiow
LIMDEP 8.0, SPSS 203} AMOS 20 Z2713-& o]
Sl Figure 12 & 79 FdAE YERATE

~

=
=

o Lo

m

Literature Review

Structural Equation
Methods

Data Collection

REGRESSION

Correlation Factor Analysis
Analysis
Path Tree

Efficient Explanatery Devel "
evelopmen

Variable Selection

Tree Analysis and

Model Evaluation

Development

Goodness-of-Fit Tests

Model Evaluation and Recalibration

Final Model Final Model
Selection Selection

Mode! Comparison and
Analysis

Figure 1. Research procedure flow

66 Journal of Korean Society of Transportation Vol.31 No.1 February 2013



OH, Ju Taek - KWEON, Ihl - HWANG, Jeong Won

Ha A" 2 =28 AHEW. Kim D. H.
(2008)2 & 24T ARE tIdez A 454
S 37 waRe] PAAE AT flste] AbaL
SRS NEsiginh JEE 718 RYEe] 54
Qo ARE ol &FoE MEHoR FEHA K3}
wf ol otk A el et £31E o] gt B

. M. (2008)2 A+ 47 Bl4ls watzo]

T SRy NS fa 98 wARE o
Rl wiAS Zol7] el 2749
on 1 A3 HEg JIHE f
FFER 2PAA 7, w4, ADTZ #4530
o T AR e Hepee] B
2 oz slo] Byl W

T

ot
>,
i
)
8
Lo
=)
of

o o |
Eoﬁlrﬁ
b5 ¥ w

[ﬁ
r
m
4r Lo
=(‘>l=t

B Lo
N
19
i
El
_>|4_|4
frl
i

@
N
o%

(2008)= AFAIE At = 44 A 5a
AR5 AT W ARYPS /NLegith HAdE 3
AR Fold AR & Eeide BE ¥
Td Alefle dHTduEsHEoly agate] gl
FER9 FERO A2y 2o, $EAt] 54 Alas
A Fe A2FE, a2l WAt 45 dd
Faxo g FA8I9h 182 Park B. H. (2008)
47 Az uapzel| o] Alnfggel wE wEARLE
3 el e 7RARRE A e bR e
3l 5ol FARGE JhEsksitt.

Park J. S. (2007)& AFA 44 AsuAZE &
Mo Eregd eyt wEAtae] A iate] g

;

oft ot
mﬂ:

dlo

thetwSets x| M31H HM1E, 20134 22

Article

29 WEAR P7we] Agse agl
[}

o 34 =2 99 2 $Axeql, &
gl

9] #9] =%S AHEm McCoy and Malone
(1989)2 wahd 3] A= Ax|d v wEAt 7
2o digk ZIREME FYsiitt. 1 A, FEAY
A&zAl H3AAL LI} 6-TT%7HA AAasler F=
2 oA e digk 20%U9], =2 el =
ek 40%W 9] vt vebsT.

Poch and Mannering (1996)< H&A (H4l%)
W2l A P& HESITE 1 2%, A= W B3
wEFo] AL A F Almdde} A7 FEA L 2
adte AoR FAHAU.

Bauer and Harwood (1996)= "= 949FE
ez rlettxete] AAE BEsint. 29zt
At Abarg 7|Hte 2 Mol SARY 3 Fo

A2 olg3te] AEE W, A WL Aud 0y

5 &1

& hagon o 2% w5Y dzd 94, A%
S o), 94 L], F-2QlWt 922 wE
Aol arg e Ao et B ATeNE %
obs 2 golg HARY A el 2L Fof 22
sl

o

Vogt A. (1999)& 3dzte] A=E &3t F
205/MAE dte s RgE et o Ax, A
542 naRoA FERO] 3] 220 AX7}t wE
S 38% EolE Aoz BAEg

ole} Zo] wEAlL oERHE Jsl=d gloiA ol
HEo| 7|E AFEL vAY FARNE o83 AT
S50 UF-ES AXEtaL k. wehi B AT e &
228 (Measurement Model)# ©] 223 (Structural
Model) & &3l B3 1t WAE defsle 7x

e e A AR Maatslar, g s

o
u

O

ol
o
1..

AN FERPHS 0§ Aud S RYo] AnE
uaste] Ay e fro) WeEe 4YE S va

afjHgket.

67



Article A Causation Study for car crashes at Rural 4-legged Signalized Intersections Using Nonlinear Regression and Structural Equation Methods

I 2Ehg ol nE
1. HIME 572

A wARAM] AR Y7} Fold BEES
the 7Pdetel] i Asmatzel A moje] w4
ol Abazt e el AWk Table 19] 4(
Ak o] e, Sold AR L FEUSL
7IRE <t ol Ade] Y Sl vER Ao,

w© = 2 &
o oon © Lo ru

> ofl
)
o
S,
=
rr
=
)
.
=
o
i
e
=
@,
==
)
S
o,
o,
N
il
of
ol
X

Ht B oo
o
;].;
ot
=t
f
ot

s o F
o,
s
=)
M
'
o
offt
e
ok
kY
rir
2
>
~
o

2
i,
=)
2
rﬂ
J_Ll
i)
_O‘L
k)
bl
[}
i
»
A
gl
ofl
=2
>
—+
=
@

SO
[o

)

£

py

i

)

i

ot

9

dispersion parameter(a)

O 7 B A oS A0S

AL A Wsse] FREE el UehlE 23E
2P| G} ARE, npSol ool TREE B4E
Tgekm Qe wael A FENAY e 2%
& 5 Qi FAS AT Aolth. e AR
ore e A F7lo] teke AnE Yehy] uze]
u o] Yol BT T 2AY H e A9 X
ol |7 wao] AFelA e VeI, weA B
A& EAE A2a] 98 T eE) 1R go.

A old BFEYo] A, FEA steulEs) 0
VSR Bst o] Pobd Tokd AARGe] A
o,

olg} STEA L B e THEAe] £

L (y,+K71)!_ e
M) = DT (7 (1)

o714 K sHEaAleeH, 2 2482 4(2)E &3l

ZFopaint,
VaT(y,;):E[yf]+KE1y,;]2 (2)
o|she Tzl FHAL sfeplel s} 1k SR el

7 AYE ABE 2S5 9ok Table 1€ Tols 3]
234, gold AARGH, ot HARFLS ek

Table 1. Accident frequency prediction methods
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where, B;: regression coefficient
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where, B;: regression coef ficient
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Gamma

where, 3;: regression coefficient
a  the dispersion parameter

Table 2. Goodness-of-Fit for regression models
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Table 3. Goodness-of-fit indexes

Table 4. Main explanatory variables

Fit Measures Worst | Titration | Optimum Variables Min. | Max. | Avg.
Model Model Model N Accident Frequency for
- - - Frequency . . 0 | 11 |1.89
) sig) a=|sig) a=|sig) a= 4 lagged intersections
X 0.1 0.1 0.1 Lane Vaior-Minor Lan Major | 1 [ 4 [2.82
Absolute GFI & minor | 1 | 4 |1.91
Fit (Goodness of Fit 0 above 0.9 1 ntr Maior-Minor Entrances Major | 0 | 9 |1.66
Measures Index) nirances or-imor Bntrane minor | 0 7 11.60
AGFI . . Major 0 2 |1.23
. A 1 ajor-Minor
(Adjusted GFT) 0 above 0.9 Lane Left Major-Minor Lane Left minor |0 7 T0.68
RMR . Major-Mino Major | 0 2 10.82
(Root Mean-Square b(e)lolw below 0.1 0 Lane Right Lane Right minor | 0 2 10.64
Residual) ) Major-Minor Crosswalk Major | 0 1 10.95
Incremental Cross walk -
. NFI (none=0, yes=1) minor | 0 | 0 |0.85
Fit 0 above 0.9 1 - -
Measures (Normed fit Index) Speed Major-Minor Speed Major | 2 3 12712
NNFI(TLI) P (Range 20-) minor | 1 [ 3 [2.33
(Non-Normed fit 0 |above 0.9 1 Liehti Major-Minor Lighting | Major | 0 | 1 [0.87
Index) 1ghting (none=0, yes=1) minor | 0 1 ]0.74
Kim K. S.,(2010), AMOS 18.0 Traffic Major-Minor Traffic Islands | Major | 0 1 10.21
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AR} SEARA G, HPEFAF 52 o] &3 ... | Major-Minor Channelization | Major | 0 | 1 ]0.39
~ Channelization ( -0 -1 mor 10 1 T03s
AA R (FF)AF), GFL(Goodness of Fit flone =, ves™ mmnot :
ADT | LNMajor-Minor ADT)(vph) [—aor | 7.9 11041904
Index, A¥=A5), AGFI (Adjusted GFI, 2394 i PV Tominor | 7.1 [10.1]8.27
#419), RMR(Root Mean-Square Residual, %7 HV LNMajor Minor Heavy | Major | 7.0 195 8.09
Vehicle) (vph) minor | 5.3 | 9.0 |7.49
A FAAA L) o] SoH, SEAFAFE NNFI(Non-
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Table 5. Poisson regression results

Variables Final Model
Coefficient -2.617
Constant t-ratio -1.723
p-value 0.085
Coefficient 0.284
Minor Lane t-ratio 3.327
p-value 0.001
Coefficient -0.190
Major Lane_Right t-ratio -1.892
p-value 0.059
Coefficient -0.557
Major Crosswalk t-ratio -2.258
p-value 0.024
Coefficient 0.552
Major Speed t-ratio 3.252
p-value 0.001
Coefficient -0.518
Major Lighting t-ratio -2.381
p-value 0.017
Coefficient -0.336
Minor Lighting t-ratio -1.905
p-value 0.057
Coefficient -0.303
Major Bus Stop t-ratio -1.953
p-value 0.051
ADT Coefﬁci'ent 0.274
(Major+Minor) t-ratio 1.690
p-value 0.091

Overdispersion 0.000167
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Table 6. KMO and bartlett's test
Kaiser-Meyer-Olkin Measure of Sampling
0.726
Adequacy.
Bartlett’s Test of Approx. Chi-Square 674.667
Sphericit; df 66
pheriaty Sia. 0.000
Table 7. Rotation component matrix
Component
1 2 3 4
Major Lane .255 731 .205 172
Manor Lane 197 .262 163 184

Major Lane Left |- .202 | .461 | .719 | .046
Manor Lane Left 528 057 .684 .009
Major Lane Right .002 074 842 .057
Manor Lane Right 530 | - .028 | .693 .032

Major Speed -.164 | .171 .003 873
Manor Speed 407 | -.108 | 117 167
Major HV 309 | .816 | .004 | .015
Manor HV 712 | 337 | .059 | .005
Major ADT 197 | 876 | .055 | .032
Manor ADT 781 .100 .003 .043
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Measures | AGFI 0 above 0.9 0.698 | 0.873
RMR  |below 0.1|below 0.1] 0.061 | 0.037
Incremental | NFI 0 above 0.9 0.734 | 0.941

Fit NNFI
Measures (TLI)

ef Minor HV

e Table 8. Goodness-of-Fits for the final model
Wy | — Fit Worst | Titration | Basic | Final
Measures| Model Model | Model | Model
O~ | e o=t o7 o o Totm
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Table 10. Comparison of the regression and structural
equation model
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