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Interaction Effect Analysis of Determining Factors for Older Pedestrian Crash

: Focused on Walking Environment Improvement Projects and Pedestrian Safety Facilities
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Park, Eunchong - Lee, Sugie

Abstract

The safety of older pedestrians is becoming more important as the global population ages. The number of traffic
accidents that involve older pedestrians in Korea is on the rise. In this study, we aim to analyze the factors affecting traffic
accidents involving older pedestrians and the interaction effects of the determining factors, thus focusing on walking
environment improvement projects and pedestrian safety facilities suitable for older adults. We used a negative binomial
regression analysis with the 2019-2021 Traffic Accident Analysis System (TAAS) data. The results of the analysis suggest
that pedestrian crashes involving older adults are highly associated with all physical environmental factors. Additionally,
road network factors have a negative impact on traffic accidents involving older pedestrians. However, older pedestrian
crashes are not associated with walking environment improvement project factors. Pedestrian safety facilities such as
crosswalk and crosswalk sign show positive associations, while road markings have negative associations. On the other
hand, when considering the interaction effects between the physical environmental factors and walking environment
project factors and between physical environmental factors and pedestrian safety facility factors, they show negative
associations. Thus, this study presents policy implications to promote a safe walking environment for older pedestrians.
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Figure 1. Number and ratio of older pedestrian crash by year
in Korea (2005-2021)

Source: Traffic Accident Analysis System (TAAS) of the Road Traffic Authority
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Table 1. Recommendations to ensure walking safety

Category Contents
Haliz ME| » If there is no pedestrian path, secure a
S M pedestrian path as much as possible

Installationand  (apply road diet, etc)
improvement of + Consideration of disconnected pedestrian
pedestrian path  routes, damage to sidewalks, etc.

« Zigzag road
Y
I‘I%ﬁ% * Speed hump

== .

ntlatonor {Pvementfce restmen
speed reduction e ? ty
facility * Raised intersection

* Raised crosswalk

* Removal of plantings, obstacles, etc.
Aol B « Installation of crosswalk signs, etc.
Visibility « Narrow intersection width
improvement  + Narrow the width of the roadway

« Alarm-based warning light

Ex ZETEH(2020)
Source: Ministry of Land, Infrastructure and Transport (2020)
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Table 2. Definition of variables and data source

Category

Dependent variable

Variables

No. total older
pedestrian crash

Definition

Number of total older pedestrian crash in Jipgyegu
(2019-2021)

No. older pedestrian
crash above severe

Number of older pedestrian crash above severe in
Jipgyegu (2019-2021)

No. older pedestrian
crash below slight

Number of older pedestrian crash below slight in
Jipgyegu (2019-2021)

Data source

Traffic Accident
Analysis System
(TAAS)

Population and
traffic factors

Population Population in Jipgyegu (1,000 people) (2019) Seoul Open Data Plaza
Aging index Ratio of the po_puiatiorj over age 65 to the pop under Na‘;ional Stafistics
age 15 according to Jipgyegu (1,000) (2019) Office (SGIS)
Traffic amount Traffic amount in Jipgyegu (1,000) (2019)
Average car speed Average car speed in Jipgyegu (km/h) (2019) View T
Traffic congestion Congestion frequency intensity in Jipgyegu (2019)

Land use factors

Residential use

Residential use floor area in Jipgyegu (1,000m2) (2022)

Commercial use

Commercial use floor area in Jipgyegu (1,000m2)
(2022)

National Spatial Data
Infrastructure Portal

Official use Official use floor area in Jipgyegu (1,000m?) (2022) (NSDI)

Land use mix (LUM) Land use mix in Jipgyegu (2022)

Intersection Number of intersection in Jipgyegu (2021)

—— Seoul Open Data Plaza

Physical environment ~ Bus stop Number of bus stop in Jipgyegu (2021)
factors Subway entrance Number of subway entrance in Jipgyegu (2019) Kakao Map

Bus rapid transit (BRT)  Number of bus rapid trasit in Jipgyegu (2022) Data Portal

Betweeness Frequency of passage through road network in

Road characteristic
factors

Jipgyegu (2020)

Diversion ratio

Frequency of road network view transition in Jipgyegu
(2020)

Seoul Open Data Plaza

Walking environment Silver zone Number of silver zone in Jipgyegu (2021)

improvement project ; .

factors Road diet Number of road diet in in Jipgygu (2019) AURI
Crosswalk Number of crosswalk in Jipgyegu (2021)
Speed hump Number of speed hump in Jipgyegu (2021)

Pedestrian safety
facility factors

Refugee island

Number of refuge island in Jipgyegu (2021)
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Figure 4. Distribution of older pedestrian crash by severity
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AEA S ABITHER 3), AA) ¥ B3R} wEARLS] Bt
0.3170]H, F/dold 118 RePa} wFARLe] 20,177, 73
ol a8 BaR; wFARLe] B2 0,137 02 Yeptt, 3
AT Hof Al A= AR 167, 4801 Al 14,
73/dol8t Al 871 0 2 YR on | F/dolale] AfaLrt ZAto]
8} AlaLECE o go| WS A& o 4= Qe

EEHLE 23 AFE B 0.37(%)olH, @R
= B4 0.26(1,000) 0.2, WFL- 22.80(1,000) 0.2 YERGTE
ERo]galoAs ALY} JAEE, 7857t 47

Category Variables Obs. Mean Std. Min. Max. VIF
No. total older pedestrian crash 18614 031 084 0.00 16.00 -
Dependent variable No. older pedestrian crash above severe 18,614 017 055 0.00 11.00 -
No. older pedestrian crash below slight 18614 013 045 0.00 800 -
Population (1,000people) 18614 037 011 0.00 392 1.02
Aging index (1,000) 18614 026 0.45 0.00 1675 1.07
E‘;‘?{ggﬁ‘m andwraffic e amount (1,000) 18614 2280 955 000 5822 201
Average car speed (km/h) 18614 2904 6.33 0.00 5467 187
Traffic congestion 18614 51656 1819 0.00 10000 115
Residential use (1,000m?) 18614 1216 3491 0.00 134517 1.02
Commercial use (1,000m2) 18614 1.36 691 0.00 38592 1.10
Land use factors
Official use (1,000m3) 18614 318 12.38 0.00 52521 115
Land use mix 18614 022 029 0.00 1.00 1.32
Intersection 18614 036 095 0.00 24.00 361
Physical environment Subway entrance 18,614 0.11 0.64 0.00 18.00 1.81
factors Bus stop 18614 0.60 142 0.00 40.00 2563
BRT 18614 0.02 017 0.00 400 1.36
Hiad chiaiactenatic Betweeness 18614 107 072 0.00 205 239
factors Diversion ratio 18614 126 059 0.00 206 225
Walking environment Silver zone 18,614 0.01 0.09 0.00 1.00 1.02
improvement project ]
it Road diet 18614 001 0.05 0.00 100  1.06
Crosswalk 18614 200 452 0.00 1756.00 7.23
Speed hump 18614 077 167 0.00 36.00 147
Ei‘?ﬁ?}if&;few Refugee island 18614 063 241 000 5300 378
Road mark 18614 8564 21.21 0.00 74500 463
Crosswalk sign 18614 184 463 0.00 120.00 6.35
Autocovariate 18614 043 0.61 0.00 1260 112
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Table 4. Negative binomial regression by severity of older pedestrian crash

#xl|(Total) EA0jA(Above severe) Zao[sl(Below slight)
¥ (Category) ¥ 2=(Variable)
Coef. z P Coef. z P Coef. z P
Population 0.289™* 201 0044 0238 133 0183 0237 117 0240
Aging index 0170 628 0000 0160 482 0000 0.183"* 545 0.000
?;%Ft’g:i“"” andtraffic  “fiofficamount  -0.009%* 338 0001 -0010%* -311 0002 -0006  -133 0.185
Average car speed -0.002 048 0628 0002 034 0732 -0007 -1.34 0180
Traffic congestion -0.001 -127 0204 -0001 090 0368 -0002 -1.31 0190
Residential use 0.002%* 415 0000 0001 277 0006 0002 343 0.001
Commercial use 0.003 160 0109 0002 111 0266 0004 160 0109
Land use factors -
Official use 0.009%* 1168 0000 0008 856 0000 0009 10.08 0.000
Land use mix 1264 2066 0000 1301 1723 0000 1316 1561 0.000
Intersection 0.109%* 576 0000 0.105%* 463 0000 0.103** 418 0.000
Physical environment ~_Subwayenirance 0090 488 0000 0054 245 0014 0121"* 530 0000
factors Bus stop 0.099%* 927 0000 00977 776 0000 0091™* 669 0.000
BRT 0.052 083 0404 0.123* 171 0088 00567 073 0467
Road characteristic Betweeness 0438** 824 0000 0438™* 645 0000 0472%* 587 0000
factors Diversion ratio 0.174* 243 0016 0126 140 0162 0209* 191 00567
Walking environment Silver zone 0.160 119 0233 0114 069 0491 0221 126 0206
improvement project .
Fadtos Road diet 0065 027 0786 -0205  -069 0492 -0053  -017 0867
Crosswalk 0026 486 0000 0025%* 406 0000 0.015* 230 0022
Speed hump 0.007 087 0385 0004 042 0676 0.022*% 204 0042
%i?ﬁ;f;gfsfew Refugee island 0.009 120 0230 0009 103 0303 0009 095 0344
Road mark -0.003"* 296 0003 -0003"* -263 0009 -0.004"* -302 0003
Crosswalk sign 0.018"* 366 0000 0018 323 0001 00171* 181 0070
Autocovariate 0.345%* 1694 0000 0420 1034 0000 0720Y* 1317 0.000
Constant -2.898¥* 2191 0000 -3366™* -2024 0000 -3.689%* -1944 0.000
Obs. 18614 18614 18614
AlC 21,606 15,380 12,685
Alpha (a) 093 110 1.10
VMR 231 175 1.54
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Table 5. Negative binomial regression considering interaction terms of walking environment improvement project factors

EOIRSAN MS X E2 [IO|E 4SE2
¥ (Category) #i4(Variable) (Silver zone interaction) (Road diet interaction)
Coef. z P Coef. z P
Population 0.285* 199 0.046 0.299** 210 0.036
Aging index 0.174%* 6.44 0.000 0.169** 6.26 0.000
]E;%Ft’g:im” and irafie Traffic amount 0009 348 0000  -0009%* 350  0.000
Average car speed -0.002 -043 0.669 -0.002 -0.50 0619
Traffic congestion -0.001 -122 0222 -0.001 -1.26 0207
Residential use 0.0027%* 416 0.000 0.002%* 420 0.000
Commercial use 0.003* 1.65 0.098 0.003 1.64 0.101
Land use factors =
Official use 0.009%** 11.80 0.000 0.009%** 1187 0.000
Land use mix 1.245%* 2048 0.000 1.247%* 20.58 0.000
Intersection 0.113%* 583 0.000 0.1710%* 574 0.000
Physical environment Bus stop 0.087*** 469 0000 0.093*** 511 0000
factors Subway entrance 0.100*** 927 0.000 0.095%** 881 0.000
BRT 0.063 1.02 0310 0074 119 0233
o Betweeness 0.438%* 824 0.000 0.438%* 824 0.000
Road characteristic factors — -
Diversion ratio 0.173* 242 0.016 0.173** 247 0.016
Walking environment Silver zone 0.386™* 230 0021 0.154 116 0246
improvement project factors  goaq diet 0075 -0.31 0.756 0.600* 207 0039
Crosswalk 0.026™* 495 0.000 0.027%* 5.01 0.000
Speed hump 0.006 078 0433 0.007 0.81 0418
]f;i%gf;”a" salety fecility Refugee island 0007 102 0306 0011 144 0150
Road mark -0.003%* -2.81 0.005 -0.003%* -292 0.004
Crosswalk sign 0.017%* 3.61 0.000 0.018%* 368 0.000
Autocovariate 0.345™** 16.98 0.000 0.344%* 17.01 0.000
Intersection X -0.196™ -2.09 0.036 -0.025 027 0.785
Subway entrance X 0123 095 0343 -0.357%* -352 0.000
Bus stop X 0.025 0.36 0722 -0.061 -0.62 0534
BRT X -2.305%* -334 0.001 -1.017% -2.35 0.019
Constant -2.901%* -2197 0.000 -2.897%* -21.99 0.000
Obs. 18,614 18,614
AlC 21,598 21,578
g =1 Silver zone g - 1 Siverzone | § """" Road diet g - Road diet
& i = Na interaction & Ha interaction = Ma interaction
E I [ - Mok Inmgiiinatited ; o A0 = | Mat implemented _ E " Mot implemantad i - Mot implemented
e Implemented B | Implameried | B Implemented 8 Implemented
i £ i 4
L R 2. o £
g g % 3
e R T " - WS G R s -
% —'—‘L\_ g """""" % s g T T T RPN RY P
JE,_.......T—. ; > , §= : '_":—: : 4 ; %E _———I : . _gg E ——:—_,_
* Number of intersection in Jipgyegu * Number of BRT in Jipgyegu = MNumber of subway entrance in ‘Jipgveuu = MNumber of BRT in Jipgyegu
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Figure 5. Interaction graph of walking environment improvement project factors
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Table 6. Negative binomial regression considering interaction terms of pedestrian safety facility factors

OHHX|CH &St THEA 4SXE SCHIEFA| ASXIR
% (Category) #2:(Variable) (Refugee island interaction) (Road mark interaction) (Crosswalk sign interaction)
Coef. z P Coef. z P Coef. z P
Population 0310 229 0022 0268 195 0061 0300 216 0031
Aging index 0.150"* 563 0000 0.164™* 626 0000 0164** 595 0.000
?;"ng'ritiona“d”aﬁic Trafficamount ~ -0.011%* -412 0000 -0011%* -409 0000 -0.011** -437 0.000
Average car speed -0.003 071 0475 -0.002 -051 0609 -0.001 035 0725
Traffic congestion  -0.001 -1.19 0236 -0.001 -124 0216 -0.001 -100 0317
Residential use 0.002°* 421 0000 0.002°* 414 0000 0002°* 430 0.000
Lond use factors Commercialuse ~ 0.002 108 0281 0002 103 0305 0002 084 0402
Official use 0.007°* 983 0000 0007°* 986 0000 0007"* 956 0.000
Land use mix 1.142%% 1902 0000 1.114%* 1833 0000 1.091%* 1814 0.000
Intersection 0119"* 568 0000 0097** 457 0000 -0.001** 230 0022
Physical environment ~_Subwayentrance  0.127"** 588 0000 0095™** 449 0000 0115 561 0.000
factors Bus stop 0.123"* 921 0000 0126™* 960 0000 0.129°* 601 0.000
BRT 0.013 016 0876 0043 049 0625 0131 942 0.000
Foad diet factors Betweeness 0.440"* 831 0000 0432** 816 0000 -0015 018 0859
Diversion ratio 0170 238 0018 0176 243 0015 0446 844 0.000
Walking environment  Silver zone 0.102 078 0433 0105 080 0421 01627 226 0024
improvement project
factors Road diet 0.042 018 0856 0.007 0.03 0977 0.116 090 0.367
Crosswalk 0.026"* 496 0000 0035"* 674 0000 0107 048 0631
Speed hump -0.007 092 0357 -0.009 115 0249 0036 713 0.000
Tf;egﬁét}[fgggew Refugee island 0075%* 993 0000 0009 139 0164 -0.007 083 0406
Road mark 0.000 051 0613 0006 611 0000 0015 233 0020
Crosswalk sign 0.020°* 432 0000 0017°* 361 0000 0000 051 0609
Autocovariate 0.324** 1642 0000 0330"* 1671 0000 0.051%* 1004 0.000
Intersection X 0007%* 614 0000 0000** -368 0.000 0325 1674 0.000
Subway entrance X 0.006%* -430 0.000 0.000 -1.08 0279 -0.003** -489 0.000
Bus stop X 0.005* 626 0000 -0.001* -727 0000 -0.004*** -537 0.000
BRT X -0.001 013 0898 -0.001 090 0367 -0004™* 668 0.000
Constant 28747+ 2223 0000 -2.888%* 2222 0000 -2914%* 2251 0000
Obs. 18614 18614 18614
AlC 21,354 21,376 21,227
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