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[Abstract]

In this study, we analyze accident severity characteristics by deriving factors that affect accident severity through the
development of accident severity models for personal mobilities (PMs) and bicycles. When analyzing the statistics on accidents
involving PMs and bicycles in Seoul from 2018 to 2022, PM was associated with the highest number of accidents and serious
injuries with vehicles, while bicycles were associated with the highest number of accidents and serious injuries with pedestrians.
Different characteristics of accident severities between PM and bicycles were observed in terms of accident time, location, and
age. PMs are classified as similar to bicycles in the Road Traffic Act; however, they have different characteristics of accident

occurrence. Therefore, it seems that safety problems may arise when they use the same road.
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Table 1. Statistic distribution of personal mobility device
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Table 2. Statistic distribution of bicycle accidents

accidents Severity level
Severity level Classification Possible | Slight | Serious | Fatal Total
Classification  |Possible| Slight | Serious | Fatal Injury | Injury | injury_jinjury
T e e e Bicycle to | 1585 | 3239 | 1414 | 51 | 6,289
202 808 406 6 1.422 car (25.2%) (51.5%) (22.5) (0.8) (100.0%)
PM to Car (14.2%) | (56.8%) | (28.6%) | (0.4%) (10b_0%) Accident| Bicycleto | 218 1,161 611 8 1,998
Accid— PM to 57 418 141 1 617 type pedestrian | (10.9%) | (58.1%) | (30.6) |(0.4)| (100.0%)
ent type| pedestrian | (9.2%) |(67.7%) | (22.9%) [(0.2%)|(100.0%) Bicycle 65 79 56 5 205
32 27 29 4 84 only (31.7%) | (38.5%) | (27.3) [(2.4)| (100.0%)
PMonly | (38 19) | (32.1%) | (25.0%) | (4.8%) | (100.0%) Spring | 509 | 17247 | 585 | 15 | 2,356
Spring 69 260 130 2 461 (Mar~May) | (21.6%) | (52.9%) | (24.8) |(0.6)| (100.0%)
(Mar~May) | (15.0%) | (56.4%) | (28.2%) | (0.4%) | (100.0%) Summer | 584 | 1,416 | 666 | 24 | 2,690
Summer 90 400 178 4 672 Season (Jun~Aug) | (21.7%) | (52.6%) | (24.8) |(0.9)| (100.0%)
Season (Jun~Aug) | (13.4%) | (59.5%) | (26.5%) |(0.6%)|(100.0%) Fall 539 1249 598 | 12 | 2,398
Fall 86 418 190 4 698 (Sep~Nov) | (22.5%) | (52.1%) | (24.9) |(0.5)| (100.0%)
(Sep~Nov) | (12.3%) | (59.9%) | (27.2%) | (0.6%) | (100.0%) Winter 236 567 232 | 13 | 1,048
Winter 46 175 70 1 292 (Dec~Feb) | (22.5%) | (54.1%) | (22.1) |(1.2)| (100.0%)
(Dec~Feb) | (15.8%) [ (59.9%) | (24.0%) |(0.3%)|(100.0%) 0AM~ 90 198 102 9 399
0AM~ 46 136 91 2 275 6AM (22.6%) | (49.6%) | (25.6) |(2.3)|(100.0%)
6AM (16.7%) | (49.5%) | (33.1%) | (0.7%) | (100.0%) 6AM~ 489 1,188 | 595 | 15 2,287
6AM~ 70 263 126 1 460 Time 12PM | (21.4%)|(51.9%)| (26) |(0.7)| (100.0%)
Time 12PM | (15.2%) | (57.2%) | (27.4%) | (0.2%) | (100.0%) 12PM~ 786 | 1,761 | 829 | 24 | 3,400
12PM~ 77 358 156 4 595 6PM (23.1%) | (51.8) | (24.4) [(0.7)| (100.0%)
6PM | (12.9%) | (60.2%) | (26.2%) | (0.7%) |(100.0%) 6PM~ 503 | 1,332 | 555 | 16 | 2,406
6PM 98 496 195 4 793 0AM (20.9%) | (55.4) | (23.1) [(0.7)] (100.0%)
~0AM  [(12.4%) | (62.5%) | (24.6%) |(0.5%)|(100.0%) intersection| 892 1,667 | 647 | 35 3,158
Intersecti- | 120 511 231 3 865 (25.6%) | (52.8) | (20.5) |(1.1)] (100.0%)
[o) [o) [») O [
Acoid Ge(:]r(;ral (13.9%) | (59.1%) | (26.7%) |0.3%)|(100.0%) Accident SSST;:aC')f 882 | 2211 | 1130 | 28 | 4,251
ont | section of 1330 555o 272o 7o 967o place road (20.7) (52) | (26.6) |(0.7)| (100.0%)
olace road | (13:8%) | (57.4%) | (28.1%) |(0.7%) |(100.0%) . 77 0 304 ] 1083
Eic 38 187 65 1 291 (16.3) | (55.5) | (28.1) {(0.1)| (100.0%)
(13.1%) | (64.3%) | (22.3%) | (0.3%) | (100.0%) Male 1,357 | 3,226 | 1,565 | 55 | 6,203
Male 221 886 417 10 1,534 Gender (21.9) (52) | (25.2) |(0.9)] (100.0%)
Gender (14.4%) | (57.8%) | (27.2%) | (0.7%) | (100.0%) Fomale 478 | 1491 | 492 9 2170
Fernale 66 354 150 1 571 (22) | (54.9) | (22.7) |(0.4)| (100.0%)
(11.6%) | (62.0%) | (26.3%) |(0.2%) | (100.0%) 1~10s 364 739 311 6 1,420
1~10s 31 187 57 1 276 (25.6) | (52) | (21.9) |(0.4)| (100.0%)
(11.2%) | (67.8%) | (20.7%) [ (0.4%)|(100.0%) pge | 20s~50s 919 | 2,415 | 1,083 | 22 | 4,439
Age | 20s~50s |, 244 | 1,008 | 474 7 1,731 (20.7) | (54.4) | (24.4) |(0.5)| (100.0%)
(14.1%) | (58.1%) | (27.4%) |(0.4%)|(100.0%) Over 605 551 1258 663 | 36 2,508
Over 60s 12 47 36 3 98 (22) | (50.2) | (26.4) | (1.4)|(100.0%)
(12.2%) | (48.0%) | (36.7%) |(3.1%)|(100.0%) Total 1868 | 2479 | 2081 | 64 8,492
Total 291 1253 568 11 2,123 ’ ’ ’ (100.0%)
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Table 3. Variables of accident severity model
Classification Variables
Severity level Possible injury [ Slight injury [ Serious injury Fatal injury
Year 2018 [ 2019 [ 2020 [ 2021 [ 2022
Jan. Feb. Mar. Apr. May. Jun.
Month of year Jul. Aug. Sep. Oct. Nov. Dec.
1AM 2AM 3AM 4AM 5AM 6AM
Time 7AM 8AM 9AM 10AM 11AM 12PM
13PM 14PM 15PM 16PM 17PM 18PM
19PM 20PM 21PM 22PM 23PM 24AM
Day of week Mon. Tue. [ Wed. [ Thu. [ Fri. [ Sat. [ Sun.
Gangnam-gu Gangdong—gu Gangbuk—gu Gangseo—gu Gwanak—gu
Gwangjin—gu Guro—gu Geumcheon—gu Nowon—-gu Dobong—gu
Region Dongdaemun—gu Dongjak—gu Mapo—gu Seodaemun—gu Seocho—gu
Seongdong—gu Seongbuk—gu Songpa—gu Yangcheon—gu Yeongdeungpo—gu
Yongsan—gu Eunpyeong—gu Jongno—gu Jung—gu Jungnang—gu
Car to car Head—on collision Rear—end collision Side collision Backing—in collision etc
Car tq Walking on the side of Walking on sidewalk Walking on road Crossing street etc
pedestrian the road
Car only Structure collision Rollover [ Parking etc
Speeding Failure of safe operation Violation Of. pegestrlan Violation of the signal Unsedgured safety
Violation of law protection duty istance
Violation of the| Obstruction of straight Crossing method violationin |, ,. ) .
: } lllegal U-turn . ) Violation of the line etc
center line and right turn intersection
Weather Sunny Rainy [ Cloudy Snowy [ etc
: Near the intersection In the intersection Crosswalk on the intersection General section of road
Accident place - - —
Bridge Tunnel, Underpass Parking lot Unclassified place
Car type Pedestrian [ Passenger car Van [ Truck [ Constructin equipment vehicle
P PM Bicycle [Two-wheeled Vehicle] _ Motor Vehicle | Unclassified
Victim gender Male [ Female [ Unclassified
Victim age Under 10s [ 10s [ 20s [ 30s [ 40s [ 50s [ Over 60s [ Unclassified
Perpetrator Male Female Unclassified
gender
Perpetrator age Under10s | 10s | 20s | 30s | 40s | 50s | Over60s | Unclassified
3251 http://www.dcs.or.kr
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Table 4. Result of ordered probit models for injury severity in PM accidents (PM to Car)

Severity level

Sl ez z Possible injury Slight injury Serious injury Fatal injury
Constant 0.909383 15.15 - - - -
Mar. 0.281274 1.994 —-0.0522 —0.0492 0.0982 0.0031
Jul. 0.172455 1.809 —0.0344 —-0.0261 0.0589 0.0016
Sept. 0.203537 2.023 —0.0399 -0.032 0.0699 0.002
Nov. 0.191886 1.89 —0.0378 —0.0298 0.0658 0.0018
2AM 0.403458 2.128 —0.0692 -0.0797 0.1434 0.0054
14PM 0.307063 2.031 -0.056 —0.0553 0.1077 0.0036
21PM 0.377565 2.689 —0.0665 -0.0718 0.1335 0.0048
23PM 0.346439 2.461 -0.062 —0.0643 0.1221 0.0042
Tue. 0.151924 1.863 —0.0308 —-0.0221 0.0515 0.0014
Seodaemun—gu —0.67826 —2.745 0.1976 —0.0178 -0.1775 —0.0023
Head—-on collision 0.260885 2.019 —0.0491 —0.0445 0.0908 0.0028
Speeding 2.837609 3.197 -0.1339 -0.5718 0.1983 0.5074
Violation of the signal 0.31417 3.638 —-0.0595 -0.0529 0.109 0.0034
_ Crossing method 0.281129 1.866 -0.0521 -0.0493 0.0982 0.0031
violation in intersection
Near the intersection -0.16432 -1.734 0.0378 0.0158 -0.0525 —-0.0011
In the intersection -0.16361 -2.361 0.0364 0.0181 —-0.0533 -0.0012
Parking lot 1.055288 1.759 -0.1185 -0.2834 0.3648 0.037
Victim age 50s 0.122723 1.666 -0.0254 -0.017 0.0413 0.001
Perpetrator age 60s 0.327225 2.475 —-0.0594 -0.0594 0.1149 0.0039
Number of Observations : 1,422
Chi Squared : 89.89507
Likelihood Ration Index p? : 0.0322747
F 5. 7HoIY O|SEX| Al AMZE 2y BAM Aulield o|SEA| of 2E&AL AlL)
Table 5. Result of ordered probit models for injury severity in PM accidents(PM to Pedestrian)
: - Severity level
viaElalEs Cesiiimi z Possible injury Slight injury Serious injury Fatal injury
Constant 0.51756 1.681 - - - -
3AM 0.965838 1.763 —0.0749 —0.2815 0.3445 0.0119
10AM 0.480478 1.826 —0.0535 -0.1106 0.1617 0.0025
Yongsan—gu 1.083482 2.825 -0.0789 —-0.3221 0.3851 0.0159
Violation of the signal 0.468896 2.83 —-0.0549 -0.1025 0.1552 0.0022
Violation of the center line 0.943676 2.045 -0.0747 -0.2727 0.3363 0.0111
Victim age 40s 0.315427 2.154 -0.041 -0.0606 0.1004 0.0011
Victim age 50s 0.47089 3.146 —-0.0561 -0.1009 0.1549 0.0021
Perpetrator gender male 0.686049 2.192 -0.1242 —0.0598 0.1827 0.0014
Number of Observations : 617
Chi Squared : 44.34083
Likelihood Ration Index p® : 0.0432101
T 6. 7MoY o|SEA| AL M 2E EAM Aoy o|S&A| HhEAID)
Table 6. Result of ordered probit models for injury severity in PM accidents(PM only)
: - Severity Level
(eIl CosifieEit ‘ Possible injury Slight injury Serious injury Fatal injury
Constant 0.071966 0.172 - - - -
Aug. 0.326005 1.875 -0.1141 0.0016 0.0997 0.0129
2AM -1.62702 -1.975 0.5584 —-0.2847 -0.2592 -0.0144
Guro—gu 0.790566 2.336 -0.2662 —0.0086 0.2378 0.0369
Mapo—gu 2.17849 1.852 —-0.3487 —-0.3327 0.2362 0.4452
Nowon—gu 0.683385 1.473 -0.2134 —0.0386 0.2112 0.0407
Sunny 0.928265 2.47 —0.3557 0.1178 0.2212 0.0168
Perpetrator age 20s —1.32893 -3.61 0.4761 —-0.0882 —0.3454 -0.0426
Perpetrator age 30s -1.56908 -4.166 0.564 -0.161 -0.364 -0.0389

Number of Observations : 84

Chi Squared : 35.73864

Likelihood Ration Index p® : 0.1737968

http://dx.doi.org/10.9728/dcs.2023.24.12.3247
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Table 7. Result of ordered probit models for injury severity in bicycle accidents(Bicycle to Car)

. - Severity Level
vl Cestier & Possible injury Slight injury Serious injury Fatal injury
Constant 0.346225 12.395 - - - -
Aug. 0.112982 2.31 —0.0342 —0.0007 0.0326 0.0023
4AM 0.322834 2.08 —0.0892 -0.018 0.0983 0.0088
5AM 0.260678 2.403 -0.074 —0.0108 0.0783 0.0066
7AM 0.10642 1.526 -0.0321 —0.0008 0.0307 0.0022
Guro—gu 0.253245 3.461 -0.0724 —0.0095 0.0757 0.0062
Seodaemun—gu 0.21005 3.093 -0.0611 —-0.0059 0.0622 0.0049
Yongsan—gu 0.480985 4.275 -0.1243 -0.0414 0.1498 0.0159
Jongno—gu -0.47757 -3.448 0.1698 —0.0536 -0.1111 —0.0051
Head—-on collision 0.128647 2.312 —0.0386 —-0.0013 0.0373 0.0027
Violation of the center line| 0.195514 3.729 -0.0575 —-0.0043 0.0575 0.0044
In the intersection 0.062219 1.856 -0.0193 0.0005 0.0176 0.0012
Bicycle 0.541293 15.207 -0.153 -0.0223 0.1611 0.0143
Motor vehicle 0.23109 4.354 -0.0672 -0.0067 0.0684 0.0054
Victim age 10s -0.15162 -1.962 0.0497 —-0.0069 -0.0404 -0.0023
Perpetrator age 50s 0.175165 4.554 -0.0526 -0.0019 0.0507 0.0037
Perpetrator age 60s 0.249548 7.766 -0.0755 -0.0014 0.0717 0.0052
Number of Observations : 6,289
Chi Squared : 410.1882
Likelihood Ration Index p? : 0.0306593
8 AAH Al AZE ZF EAM ZINANA of ASAH AlL)
Table 8. Result of ordered probit models for injury severity in bicycle accidents(Bicycle to Pedestrian)
' - Severity level
VerTEIBlEs Costiie Z Possible injury Slight injury Serious injury Fatal injury
Constant 1.102709 23.774 - - - -
May. -0.16122 -2.032 0.0313 0.0234 -0.0534 -0.0013
Jun. —0.15041 -1.938 0.029 0.0222 -0.05 -0.0012
4AM 1.180143 2.377 -0.0967 -0.347 0.3881 0.0555
6AM 0.552388 2.334 —0.0693 -0.1424 0.2007 0.011
7AM 0.412048 2.629 -0.0573 —0.0983 0.1489 0.0066
17PM 0.200476 2.181 -0.0324 -0.0406 0.0707 0.0023
23PM 0.471092 2.389 -0.0626 -0.1165 0.1709 0.0083
Crossing street 0.188385 2.861 -0.0317 -0.036 0.0657 0.002
Violation of the signal 0.269164 2.564 -0.0417 -0.0575 0.0957 0.0035
Accidentplaceis | 447409 1.715 -0.0185 ~0.0196 0.037 0.0011
unclassified place
Perpetrator age 10s 0.351725 5.336 —-0.055 -0.074 0.1246 0.0045
Number of Observations : 1,998

Chi Squared : 83.04143

Likelihood Ration Index p?

1 0.022072
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E 9. ARNA AL MZE 28 FA HIHARHA SHEALD)
Table 9. Result of ordered probit models for injury severity in bicycle accidents(Bicycle only)

: - Severity level
VElEED Cosifietisi 4 Possible injury Slight injury Serious injury Fatal injury
Constant 0.045855 0.38 - - - -

Jun. 0.392904 1.688 -0.1214 -0.0197 0.1274 0.0136

5AM 1.160756 2.481 -0.2516 -0.1864 0.3383 0.0996

Mon. 0.442312 1.993 -0.1350 -0.0247 0.1437 0.0160

Gangseo—gu 1.520621 2.219 -0.2732 -0.2749 0.3634 0.1846

Gwanak—gu 2.032227 3.362 —0.2933 —-0.3620 0.3086 0.3468

Seongbuk—gu 1.18228 2.701 —0.2552 —0.1901 0.3426 0.1026

In the intersection 0.461294 1.682 -0.1375 -0.0310 0.1507 0.0179

Perpetrator age 60s 0.652943 3.935 -0.2067 -0.0208 0.2061 0.0214

Number of Observations : 205

Chi Squared : 49.87898

Likelihood Ration Index p? : 0.1033853
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