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ABSTRACT

The aim of this research is to analyze factors affecting bicycle accidents using the PLS
structural equation. Accident types in this study were categorized into total accidents, serious
injuries including death, and light injuries which occurred at nationwide Si-Gun-Gu.

It was found that urbanization was the main factor for bicycle accidents through the accident
models developed in this study. Population, ratio of economically active population, density of
Received 5 July 2018 intersections, ratio of urbanized area, commercial and industrial land-uses, number of drive license
Revised 20 July 2018 holders, number of education institutions, number of parks were the main factors causing bicycle
Accepted 28 July 2018 accidents. Besides, length of bicycle roads, number of bicycles, and ratio of bicycle as mode

. choice also increased bicycle accidents.
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AAsags BdaAE Z1E F0-9) B AES wEo AaAAL) B Yk Ao By
© & 419 Wt AR EAH. & AT E ALl sigshs Mees #4489, wEal, dTe
o1, AME]-AA LR AHA FL4HEQQ AHA o] &80 F ¢/ 2T R BFEATE AN E A
7vsl AA S, TYEACIEE, FUEANEE 12il FHEACIEEY 4/ &E5S0], sl e
AERHE, FAERHE, RAREE, AAAERAH, FHTY(ET - AT £F-o7he o FEE
ol, AT Qe A5, A T ATHAE, oldo] ATHE, 1H ATH S, AALE ATH & 57
GE5o] AFHAUT £, A3 A LA LAV 24, ABA LK ATH L, AFAESUT, 5
BA VI, Q7 19 T ATH SRS DA% AL BPYIRE, DE71D HYFE T2,
EEEE @%#(mf—m HYFVEYE, SEATVRGE, HASURYE, AEHAATY 137) 5o,
ARA FLALLANE FUF, AAA RBUF, AAA BAUF, AAA FHRGEY 4] FFo], A2
ol g&83le d4d T XWH o] &€, o4 FIAXAIRE, ojdo] FZAXANRE, TS FIARA
&5, 1384 TTAAACIEE, AR A AN EE, BAIRE A AIEES] T ol AFHUT
ARdssel g AR4T BARAE 0159 AE SAAR ¥ ATFYEAL AT, FELE
Aol W AAARE A5 Fol o] &HUY. WFEe] V]2 FAE <Table 1>3 2t
(Table 1) Summary statistics of variables
Mode Variables Description Mean | StdDev | Min Max
Urban Urbanized area ratio 29 7.4 0.1 577
. Agricultural land use Agricultural land-use ratio 15.0 12.5 0.0 51.9
Environment
Commercial land use Commercial land-use ratio 0.3 53 0.0 442
Industrial land use Industrial land-use ratio 0.6 6.4 0.0 50.5
Reception road Reception road ratio 104 12.0 0.0 90.8
Local road Local road ratio 43.7 21.6 2.6 100.0
Intersection Intersection Density 52 4.5 0.2 275
Bike length Length of bicycle road 50 19.6 1.1 102.6
Traffic Commute Commuting trip per total trips 19.6 39 8.1 324
School Schooling trip per total trips 54 1.7 2.0 10.6
Business Business trip per total trips 6.9 39 L5 313
Shopping Shopping trip per total trips 33 1.9 0.3 11.2
Leisure Leisure trip per total trips 49 2.7 0.7 24.8
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Mode Variables Description Mean | Std.Dev | Min Max
Population No. of population 11.9 1.0 9.8 13.9
Pop growth Population growth rate per year -0.1 0.9 -1.3 7.7
Population Kids Children population ratio 12.5 2.8 59 20.1
Eld Elderly population ratio 19.7 10.9 7.9 50.0
Eco pop Economically active population ratio 66.4 8.8 41.8 76.6
Car license No. of drive license holders 114 1.1 9.1 134
Non car Non-Automobile household ratio 36.2 9.5 12.9 66.4
Car sum No. of car registration 11.1 0.9 9.1 13.1
Truck Truck registration ratio 0.2 0.1 0.1 0.5
Car pop No. of car registration per 10,000 people 8.4 0.2 7.8 9.1
Employees No. of employees 11.1 1.0 8.6 132
ei(:;iy Hospital No. of hospital beds per total population 1.3 09 0.0 6.4
Edu school No. of Elementary, middle and high schools 41.0 332 10.0 | 215.0
Edu university No. of universities 1.0 2.7 0.0 15.0
Walking use Walking use for school and commute ratio 27.0 7.9 14.2 523
Car use Car use for school and commute ratio 394 9.9 133 573
Bus use Bus use for school and commute ratio 15.1 6.7 4.1 36.2
Traffic safety score Traffic safety score ratio 78.7 7.1 0.0 925
Park No. of parks 10.0 64.8 0.0 535.0
Bicycle Bike rack No. of bicycle racks 2.0 61.1 0.0 371.0
demand Bike no No. of bicycles 9.2 11 47 | 114
Bike use Bicycle use for school and commute ratio 1.3 1.1 0.1 8.1
Male bike Man bicycle using ratio 1.7 14 0.1 14.4
Female bike Woman bicycle using ratio 12 1.1 0.06 7.0
Kid bike Children bicycle using ratio 10.3 6.9 0.0 41.1
Bicycle Eld bike Elderly bicycle using ratio 11.7 11.9 0.9 54.6
use Midle bike Middle-age(15-65) bicycle using ratio 753 134 40.7 98.3
Bike short Short-time (under 15 minutes) bicycle $38 | 186 | 98 | 815
using ratio
Bike long L"ngggilfgsmmign‘;zisoover) 184 | 126 | 00 | 604
Accident No. of bicycle accidents 204.0 4433 50 |2,1300
]3]‘3’;::;2? Serious injury No. of bicycle death and heavy accidents | 850 | 1519 | 30 | 769.0
Light injury No. of light accidents 100.0 235.1 1.0 | 11720
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(Fig. 1) PSL-SEM model
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ALl

(Table 2) Verification statistic standard of PLS-SEM

Verification Items Verification Criterion

Reflective model

Internal consistency Cronbach’s alpha = recommended more than 0.7
Composition Recommended more than 0.7
Reliability reliability '

Recommended more than 0.7

Factor loadings (Can be accepted = at least 0.6)

Convergent t-value 95% reliable level = more than 1.96
validity AVE Recommended not fewer than 0.5
Cross . . .
. Cross loading on all potential variables
Discriminant loading
validity Square root Should be higher than correlation coefficient
AVE between its latent variable and other latent variables
Formative model
t-value 95% reliable level = more than 1.96
Validation VIF Recommended less than 5.0
Gefen-Starub Recommended not fewer than 0.5

Inner model verification

Model Bootstrapping Significance of path coefficient(p-value)

el

suitability R-square Good(over 0.26), Fair(0.13~0.26), Poor(0.02~0.13)
Ficati

verthieation Goodness-of-Fit Good(over 0.36), Fair(0.25~0.36), Poor(0.1~0.25)

V. PLS F+Z24AA n3sju 9 o3 234 A%

A B Aol AEE Al AA ARAATEY S #7H 89, wEall, A8 AA 8
gl ARG A AVERAN g, FUEA |88, BUEA LR THAL
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(Fig. 2> Si(#) model results for total accidents

AN So1d AAAALRY L AA AAAAIRE Y] 2RlE3 FAlsith #7321, A
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Aol 88, FUEANSE) 245 TP, RARUEY} AMATZAR 2450 BFAALS TAT
ok =3 AW 224, AFATSUS, BEYH AYF(E-F-1), 25718 APFEm) 2
E3 o FEARA o148, DA FIAUA o §Be] THLLT0| A HALN A §.4¢)
S A7 P ASE YETE <Fig. 3> Al(ih) T30 A did HEFRFES ot
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(Fig. 3 Si(f1) model results for serious injuries
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/\I(T)-"/] AN ARAANLY] HERFS A A7l E e, AAER 0] LE, TAEX|LE o
Aol B4 2E TR G WARLUE, ANATEAY 8450 wFLQIS FATT T3 &1
A3 7] h AsASEUT, w5718 AY F(E-T0) 8asH A FIARACEE, 184 T
AR 0| gEe] 2ol A8 AR 203 AHA o]§801E A7 TS ACE JEhRT <Fig. 4>E
Aty ATt HEREE Yehdth
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0.440 0.346
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: 0.751
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| Car license I——
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BBce Economy
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(Fig. 4> Si(#) model results for light injuries

TolA ALE AN FFE AAA AR i3 RYHAE dEA e AAALAF, T4

A }xwwigaﬂ 25 07 434 A Z % (Cronbach’s alpha) 2 4412 =(CR), A Al

AoH, JFETE HAFAA t-value 1.96 1%, EFEATFZ(AVE)
E_l:r ‘l—f—ﬁ}%{‘:}. 3 BHHEIG T 759 wAH A7) F(Cross loading), BT 24

L AREYE AZ7ER FYE fvalue 1.96 o4, WIETHE S Gefen-Sraub A HA| BF &

sto] o] A=) FA7} gl ST Atk I A= o <Table 3>3 2t

(Table 3) Si() verification results of outer model conformity by accident types

Total Accidents Serious Injuries Light Injuries
CAlp | CR | AVE | tvalue | C’Alp | CR | AVE | tvalue | C’Alp | CR | AVE | rvalue
Environment 085 | 091 | 0.78 225 0.87 | 092 | 0.78 2.16 086 | 092 | 0.78 1.98
Si Traffic * * 1.00 325 * * 1.00 2.14 * * 1.00 371
(1) | Social economy | 093 | 095 | 0.83 6.73 093 | 095 | 083 5.73 096 | 098 | 094 5.66
Bicycle use 0.76 | 0.89 | 0.77 2.60 076 | 089 | 0.78 231 076 | 0.89 | 0.79 228

* Excluded based on the verification results of formative model

Variables
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PLS TZUHAZ o8 AHAHAD 20l84

HEAENS B9 AZEA A% AP Taude] AEAS FS AHBU, o] Awo|A &
)5 95%(rvalue>1 96)F VESTL Yo} AREA A2 Exfalgrh. REHT} A o] Hi ARAS

(R?) #2067 o]0z 3709 mell B ul$ o MujeS Jhxl obga xRy o g BAErh x3
233 JE(Goodness of-Fit) B7} A 7]&X] 036 o2 EF 5o AFAL /IAE Aoz Yehyitt
EAE YA A obY <Table 4>3 2t

(Table 4) Si(#i) model results by accident types

Total Accidents ‘ Serious Injuries Light Injuries
Variables .
Si(ih)
Environment 0.194 0.146 0.172
Traffic 0.350 0.242 0.346
Social economy 0.567 0.623 0.498
Bicycle use 0.121 0.112 0.118
Urban 0.411 0.382 0.397
Environment Commercial land use 0.428 0.402 0.410
Industrial land use 0.275 0.345 0.313
Local road 0.193 - 0.173
Traffic Intersection 0.407 0.327 0.440
Bike length 0.767 0.852 0.751
Car license 0.295 0.292 0.334
Car sum 0.287 0.287 0.344
Social economy
Edu school 0.309 0.316 0.356
Edu university 0.194 0.191 -
Female bike 0.327 0.289 0.336
Bicycle use
Eld bike 0.764 0.794 0.756
R? 0.737 0.696 0.692
GOF 0.725 0.729 0.711

T T(5) S AAAANTLEE S AHRE FIHY A 2529, AHE-AA L2, AAA Fafide
o, 7(#)el A wFagl, %l?ﬁ , ARA FoAEaR], AAA o] gajle] 247 8RIERE FAHE
o2 Jehgth ()9 AS, 2589, AF8%, AAA FafEa]], AHA o]g8jlo] 7z AL
EE FAEHE ZoE YEith

() () e ARAAALEF ] RHEAPRE RAFNA AAALAT, S, B A-A
uPH Y74 A F) = (Cronbach’s alpha) 2 TN E(CR), AE A== 7]F4 07 o)L

S B339 oH, AFEIEE HENA tvalue 1.96 o7, EEZEAFZ(AVE) 05 o[22
StATh =3 AHEIG T 52 WA A 7](Cross loading), ¥ E4FF+Z(AVE) A3
9% tvalue 1.96 ©]%, /NFEFFE Gefen-Sraub A5 GA| 5 538l Ry =
A& = Aok 1 82 ol <Table 5>9} 2t
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(Table 5) Gun(#8), Gu(R&) verification results of outer model conformity by accident types

Variables Total Accidents Serious Injuries Light Injuries
CAlp | CR | AVE | t-value | C’Alp | CR | AVE | t-value | C’'Alp | CR | AVE | t-value
Traffic * * 1.00 | 2.67 * * 1.00 | 212 * * 1.00 | 254
gjlll,j)l Social economy | 098 | 099 | 098 | 445 098 | 099 | 098 | 526 098 | 099 | 098 351
Bicycle demand * * 1.00 | 3.14 * * 1.00 | 291 * * 1.00 | 3.19
Traffic * * 1.00 | 344 * * 1.00 1.96 * * 1.00 | 3.14
Gu Population 076 | 089 | 080 | 212 076 | 0.89 | 0.80 | 2.05 - - - -
(%) | Bicycle demand * * 1.00 | 239 * * 1.00 | 323 * * 1.00 | 356
Bicycle use 071 | 087 | 077 | 4.04 0.79 | 0.87 | 0.71 4.32 079 | 088 | 070 | 293

* . Excluded based on the verification results of formative model
— : Not applicable

ZAEHT T Y ARANTRYD] U RFARE A2 Ao Anrdel AhE A%
F99 Azrde AalY AL T

TUE RPATE ASS AR FdEDF TS Ak =
Aete 8AEY AE2ASTE Yepd A= ol <Table 6>3 2t £ AFolA MLE F@HI F(5)2
AfEE REde WREY A37ES 54 RS HFTRY O HASh

(Table 6) Gun(#8), Gu(E) model results by accident types

Varisbles Total Accidents Serious Injuries Light Injuries
Gun(#F) Gu(Jii) Gun(#F) Gu(Jii) Gun(#F) Gu(Jii)
Traffic 0.311 0.333 0.315 0.175 0.333 0.330
Population - 0.139 - 0.159 - -
Social economy 0.398 - 0.395 - 0.335 -
Bicycle demand 0.271 0.269 0.256 0.331 0.276 0.402
Bicycle use - 0.357 - 0.424 - 0.327
Local road 0.350 - 0.279 - 0.341 -
Intersection 0.779 0.632 0.703 0.616 0.797 0.677
Traffic Bike length 0.296 0.786 0.299 0917 0.274 0.880
School - 0.363 - - - -
Business - - 0.246 - - -
. Population - 0.658 - 0.658 - -
Population
Eco pop - 0.449 - 0.449 - -
Social Car license 0.508 - 0.500 - 0.503 -
economy Car sum 0.500 - 0.508 - 0.505 -
) Park 0.661 0.773 0.626 0.726 0.618 0.764
f;;yaiz Bike no - - - 0.649 - 0.605
Bike use 0.662 0.485 0.700 - 0.707 -
Male bike - 0477 - 0.347 - 0.340
Bicycle use | Female bike - - - 0.389 - 0.368
Kid bike - 0.654 - 0.455 - 0.482
R? 0.730 0.716 0.713 0.743 0.672 0.725
GOF 0.675 0.646 0.636 0.680 0.647 0.642
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