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Circular Intersections Accident Models of Elderly Drivers based on Type of
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Abstract

This paper deals with the traffic factors related to the accidents of elderly drivers at
circular intersections. The characteristics of circular intersection could cause confusion to
elderly drivers according to the type of land use, which significantly affect traffic accidents.
The purpose of this study is to analyze the factors affecting the accidents based on the type
of land use. In pursuing the above, the traffic accident data from 2010 to 2014 were
collected from the “traffic accident analysis system (TAAS)" data set of the Road Traffic
Authority. The multiple regression, ZIP and ZINB model were utilized in this study to develop
the traffic accident models. 16 explanatory variables such as geometry and traffic volume
factors were used. The main results are as follows. First, the null hypothesis that the type of
land use does not affect the number of accidents of elderly drivers is rejected. Second, 8
accident models of elderly and non-elderly drivers based on the type of land use are
developed, which are all statistically significant. Finally, the total entering volumes, circulatory
roadway width, area of the central island, mean number of pedestrian crossings, central island
diameter, number of bus stops, number of speed breakers, mean number of entry lanes,
number of approach roads and area of the roundabout are analyzed to see how they affect
the accident of elderly drivers for each type of land use.
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Keywords w Circular Intersection, Type of Land Use, Elderly Driver, Multiple linear Regression
Model, Zero Inflated Poisson(ZIP) and Zero Inflated Negative Binomial(ZINB)
Regression model
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Table 1. Classification Criteria

Type of land use Classification criteria

Type 1:

. Over 60% commercial area
Commercial area

From 40 to 60% commercial
area and
From 40 to 60% residential area

Type 2 :
Commercial-
Residential area

Type 3 :

. . Over 80% residential area
Residential area

Type 4 :

Over 80% natural green area
Natural green area

Table 2. Descriptive Statistics

Type Elderly driver Non-elderly driver
|a(:cd N Accident] Std. |Accident Std.
use Noy V%" dev. | Noy || dev.
1 (21 47 224 13714 | 541 |25.76|36.578
2 |26| 28 |108|1230| 524 |2015|23.236
3 26| 41 |158[2003| 261 |10.04| 9614
4 112 4 1033]0492| 49 | 408| 3.655
A | 85| 120 |5.23|7439| 1,375 |60.03|78.083
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Table 3. Variavle selection and Summary Statistics

Variable Indication Mean Std. dev.
Number of accident (v;) Number of accident (No.) 1410 2311
Number of leg (x,) Number of leg of circular intersection (No.) 4.624 1144
Entry lane (X,) Mean number of entry lane (No.) 1.585 0.612
Width of entry lane (X3) Mean width of entry lane (m) 5.546 2.180
Splitter island (x,) If yes=1, otherwise=0 0.624 0.487
Pedestrian crossings (X;) Mean number of pedestrian crossings (No.) 0.844 0.347
Bus stop (X;) Mean number of bus stops (No.) 1.259 1.399
Speed hump (X7) Number of speed hump (No.) 1.106 1.669
Bicycle lane (Xy) If yes=1, otherwise=0 0.341 0477
Inscribed circle diameter (x,) Inscribed circle diameter (m) 45.082 30.057
Area of circ(u )Iz lt);)ry roadway Area of circulatory roadway (m?) 1,152.875 | 1,257.514
Area of central island (Xx,,) Area of central island of circular intersection (m?) | 1,137.836 | 3,994.716
Central island diameter (x,,) | Central island diameter of circular intersection (m) 28.336 27.062
Circulatory roadway (X,,) Number of ciir:i;lszgorzog\?gf y of dircular 1.765 0.984
Circulatory roadway width Circulatory roadway width of circular intersection 5399 2303
(X)) (m)
Entering volume (X;;) Total entering volume per day (vehicle/day) 1,346.059 | 1,356.660
Lighting (Xi5) Number of lighting facilities (No.) 5.229 3.089
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Table 4. Analysis of multi-collinearity Froll FEFe WAA] ek o, iy 7Hde: EA
Qo o 2=0f| Q35EL- ] HT)
Classification Tolerance | VIF o8- mlarg Al Abargdael] Geks vzt
Number of accident (v,) 0643 | 1556 ojth, 7Md A= M| 71 A o] i A}
Number of leg (x,) 0912 1.097 L3l=F AAW = g0l ) 1/0)ng 4
Entry lane (x,) 0233 | 4292 i i )
WML o]l este] EAIF
Width of entry lane () 0569 | 1757 HAS elgste] wAskant
Splitter island (x,) 0.798 1.253
Pedestrian crossings (X;) 0.729 1371 Table 5. Result of One-way Analysis of Variance
Bus stop (X;) 0.907 1.103 Sum
Speed hump (X7) 0269 | 3711 Classifications of df | F |p-value
Bicycle lane (x3) 0.123 8.098 Square
Inscribed circle diameter (x,) 0.057 |17.423* between group| 31.920| 3 |2938| 0.045
Area of circ(ulat;)ry roadway 0.154 6.495 i:ig?’ within group | 416.668| 81 _ _
Xll]

Area of central island (x,;) 0.033 | 30.649* Total 448588) &4 - -
Central island diameter (x,,) 0404 | 5.599 Non- [Petween group| 5075.281) 3 |3.208 | 0.027
Circulatory roadway (X;;) 0.286 3498 elderly | within group 42717.072| 81 - -
Circulatory roadway width (x,,) | 0.603 1.657 driver Total 47792353 84 _ _

Entering volume (X;) 0.929 1.076
Lighting (1) 0918 | 1242
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Table 6. Result of t-test
Class.| N Mean. Std. dev. [t-value|p-value
no. of accident
1 17 271 4.074
1611 | 0.126
2 68 1.09 1484

* 1. Metropolitan cities , 2: Other cities
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Table 7. Result of t-test

Class.| N Mean‘ Std. dev.| t-value | p-value
no. of accident
1 |40 163 2.906
0.800 | 0426
2 |45 122 1.622

* 1: Rotary , 2: Roundabout
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Table 8. Summary of Type 1 Modeling

Table 10. Summary of Type 2 Modeling

Class.| R? Adj‘FJ{%ted Std. Err.[F-value| p-value R,Lgttgg‘ﬁ
Elderly{0.770| 0.729 1933 | 5778 | 0.028 | 2.393
Non-

0.929| 0916 |10.599 | 8103 | 0.011 | 2.021
elderly

Table 9. Type 1 Accident Model of Elderly and
Non-elderly Drivers

Class.| Variables coeff. B |t-value|p-value
Constant -1.324 - -2.322| 0.031
E”tle””g 0.003| 1.013 | 7.080 | 0.000
Elderly e
prea of central ;5401 0619 |-4.297| 0.000
island
Circulatory | 4311 0284 |-2.404| 0028
roadway width
Constant |-14.630| - [-3.988| 0.001
Entering | 179| 1.018 [11.430| 0.000
Non- volume
eIderIyArea_of central 0.002| 0479 | 5.936! 0.000
island
Speed hump (-11.408| -0.231 | -2.847| 0.011
2) AT AAY PR AlnEEY
F4E WgEe] B folaw 0.058 Hon
2 AFGFT 95%0NA TAIHCE Fost A=
LhEbdt) BEgk B Regro] 07030 B A
Heo] Zom, xate] E5YAAS W)
AT AA ol A a8 A) Abare]] ko] gk

146 r2EA ), A52H 3% (2017)

Class.| R? Adj‘ﬁited Std. Err.[F-value| p-value \?\;Jartt;::r)]r;
Elderly|0.771| 0.730 | 0.545 |3.247 | 0.019 | 2.238
Non- | g1 | 0877 | 8162 | 5073 | 0035 | 1934
elderly

Table 11. Type 2 Accident Model
Non-elderly Drivers

of Elderly and

Class.| Variables | coeff. B |t-value|p-value
Constant | -1.456 - -2.573| 0.018
Entering | 156 | 0.072 | 1.963| 0.028
volume
Bus stop 0.191| 0.099 | 2.119| 0.048
Elderly
Inscribed
circle -0.082 | -0.017 |-4.669| 0.000
diameter
Area of
. -0.078 | -1.257 |-2.929( 0.008
central island
Constant | -3.487 - -3.289 | 0.002
Entering | 006 | 0.501 | 2414 0025
volume
ll\ldonl— Inscribed
elaemyl  circle 0.665| 0.732 | 3.068| 0.006
diameter
Width of -3.266 | -0.327 |-2.252 | 0.035
entry lane
3) FAXNY AP AFnR
Rolx FHE WTEe] BT AESE 95%0
A BAHOE WS A% Ao vhehdr)
FAA S A ol A frolgh Sy
ERYNEY, B HYAE 5, AE5AE
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Ao 2717} Abael 2 G vl wk, 7
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Table 12. Summary of Type 3 Modeling

Table 14. Count Data Model of Type 4
(Elderly drivers)

Adjusted L ~ Durbin-
Class.| R2 R2 Std. Err.[F-valug| p-value Watson Classification 7P ZINB
Elderly{0.734| 0708 | 2245 |2168| 0.041 | 1.971 Constant _|coeff] 2437(2031) | 3093(L652)
Non- p 0.024 0.031
elderly 0.860| 0.769 | 6314 | 4953 | 0.036 | 2.046 Number of |Coeff.| 0.143(3.115) 0.044(2.544)
leg p 0.000 0018
. 5 Coeff| 0018(2.249) | 1.741(2987)
Table 13. Type 3 Accident Model of Elderly and us stop p 0.020 0.004
Non-elderly Drivers Liahtin Coeff.| -2.794(-3476) | -2.441(-2.924)
gnting 75 0.000 0.002
Class.| Variables | coeff. B |t-value|p-value « - 0.368(2.687)
C 2484 2575| 0.017 0’ 0.267 0370
onstant | -2 . : Vuong 7254 7841
E”tle””g 0.002| 0556 | 3.768| 0.001
voume Bol|A] FAH WE0] BE AF5E 95%0]
Elderty| ENUTY lane | 1427| 0355 | 2407) 0025 w6 o o ojs mow UET) wale] 4]
Speed hump| -0.562 | -0.579 |-3.492| 0.002 S-S AAE= Viong SA3Re 7559 931 7
Circulatory ) E o A B Z=Z0)| & =
roadway | -0.430 | -0.371 |-2.238| 0.035 571 fto= 95% AHFEAM 1968 F o,
width ol A ol e vlEl FAZK R frofst
Constant | -6.399 - |-2170| 0.044 tu BAEC dE ZIP 2 ZINB 239
533:;:‘3 0.009| 0564 | 3.785| 0001  Vuong TA| Fko] AHHA LS 747} 7.2549}
Non™ ™ 1nscribed 7.841, Ml ¢} RS 717} 56079 81742
elderly dvcircli 0180 | 0331|2226 0036 | gguc} gu= Zp 2 ZINB malo] Aah Ao
lameter
i 2 gk B3 FHLAAS a9 tatol 1.96
Xt'dthla‘:; -2.268 | -0.487 |-2.732| 0,012 o f)rT A O"]_ kel
> BT} ARE T 2y nE 7P w3dnch ZINB
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Table 16. Test of Normality and Homoscedasticity of the Disturbances Assumption

Classification Accident model of elderly driver Accident model of non-elderly driver
FEWP DBALD 24 SHE HDBAD AL
— R . T
'y /] Y
Type 1 El El
A BE MR i ) A mEs B
FEP DBADAS BV HlABAL DA
— L . — RN
Y o — u
Test of Type 2 g i3,
normality
) 317 E’iﬂ'&il i ’ '
FEPS DB_ADAS
Wo" u
Type 3 s i s,
) 3 BES T i ) i 37 E;E b ' )
sausi2unoas sauavaenzas
& % o i L
Type 1 i % o i 5 3
A BER M= ) 7 K;‘E} H=at |
BRIV DBANTAS BB URBADAS
Test of 5 o o B )
. Type 2 5 N o . I .
homoscedasticity " 2N . 3 E
o N . o° 2 .
) sin e waw | smeswsa )
sausaunaas sawsnasnans
§ ; ° . ° ; ° 8
i 0 ° @ o @ 0
Type 3 L LN . 5 B, %0
3 e 5 i .

* Type 4 is the count data model, so the t-test as table 17 is conducted instead of normality and homoscedasticity test.
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Specific variables
Area of central island(-),
Inscribed circle diameter(-)
Bus stop, Lighting
Number of leg,

Area of central island(+),
[Inscribed circle diameter(+)
Circulatory roadway,
Pedestrian crossings

Circulatory roadway width,
Width of entry lane,

Entering volume,
Speed hump,
Entry lane

Table 19. Comparison(II) of Models

Class. |Common variables
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