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Analysis of Factors influencing Severity of Motorcycle Accidents
using Ordered Probit Model
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ABSTRACT

PURPOSES : This study drew factors affecting motorcycle accidents in Seoul by severity using an ordered probit model and aimed to
analyze and verify the drawn influence factors.

METHODS : As the severity of the accidents could be classified into three types (fatal injury, serious injury and minor injury), this study
drew the factors affecting accidents by a comparative analysis employing an ordered probit model, removed the variables that would not secure
significance sequentially to construct a model with high explanatory power regarding the factors affecting the severity of motorcycle accidents,
and calculated the marginal effect of each factor to understand the degree of each factor's impact on the severity. First, Model 1 put in all
variables; Model 2 was constructed by removing the variables of the road surface conditions that could not meet the level of significance
(p=0.608); Model 3 was constructed by removing gender variable (p=0.423); and Model 4 was constructed finally by removing age variable
(p=0.320).

RESULTS : As a result of an analysis, statistically significant variables were time of occurrence, type of accident, road alignment and
motorcycle displacement, and it turned out that the impacts on the severity were in the following order: a road alignment of left downhill, the
type of motorcycle-to-vehicle accidents and a road alignment of a flatland on the left. The significance of the models was tested using the
likelihood ratio, the level of significance and suitability statistics about them, and as a result of the test, the significance level and suitability of
the constructed models were all excellent. In addition, the model accuracy indicating the accuracy of a predicted value compared to that of the
value actually observed was 70.3% for minor injury; 70.1% for serious injury; and 68.6% for fatal injury, and the overall accuracy was 70.2%,
which was very high.

CONCLUSIONS : As a result of an analysis of motorcycle accidents in Seoul through the ordered probit model and the marginal effect, it
turned out that their severity increased in nighttime accidents as compared to daytime ones and gradually increased in the order of motorcycle-
to-vehicle accidents, motorcycle-to-person ones and the ones involving motorcycle only. As a result of an analysis, the severity of accidents in
road alignments of left downhill, left flatland and straight downhill increased as compared to those in a road alignment of straight flatland and
that the severity of accidents of motorcycles with a displacement larger than 50cc was higher than that of those with a displacement smaller
than 50cc.
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Background and Purpose of Research

Review of Existing Literature

Collection of Accident Data

Selection of Variables and Basic Statistical Analysis

Analysis of Causes for Accident by Ordered Probit Model
and Analysis of Marginal Effect

Yerification of Accuracy of the Model and Conclusions

Fig. 1 Flowchart of Study
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Table 1. Severity—Time of Occurrence Distribution

Time of - . - ) -
Occurrence Fatal injury |Serious injury| Minor injury
Day 1.8% 37.9% 60.3%
Night 3.3% 40.8% 55.9%
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Table 3. Severity—Weather Conditions Distribution

Weather Fatal Serious Minor
Conditions injury injury injury
Serene 2.6% 39.8% 57.6%
Others 2.5% 37.1% 60.4%

Table 4. Severity—Road Conditions Distribution

Road Fatal Serious Minor
Conditions injury injury injury
Dry 2.6% 39.3% 58.1%
Others 2.5% 40.8% 56.7%
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Table 5. Severity—-Road Alignment Distribution
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Table 2. Severity—Type of Accident Distribution
Type of Accident i';iﬁi'/ Slijrfrl;s m;zg
Motorcycle —to—Person 1.5% 47.2% 51.3%
Motorcycle —to—Vehicle 2.1% 35.3% 62.6%
Motorcycle only 13.0% 47.2% 39.8%

Road Fatal Serious Minor
Alignment injury injury injury
Left Uphill 0.0% 471% 52.9%

Left Downhill 32.0% 32.0% 36.0%
Left Flatland 14.3% 42.8% 42.9%
Right Uphill 3.8% 46.2% 50.0%
Right Downhill 6.7% 40.0% 53.3%
Right Flatland 4.1% 46.9% 49.0%
Straight Uphill 2.9% 40.9% 56.2%
Straight Downhill 2.0% 47.0% 51.0%
Straight Flatland 2.2% 38.4% 59.4%
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Table 6. Severity—Gender Distribution
Fatal Serious Minor
Gender L e o
injury injury injury
Male 2.6% 39.6% 57.8%
Female 0.7% 36.6% 62.7%
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Table 7. Severity—Age Distribution
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Table 8. Severity-Motorcycle Displacement Distribution

Motorcycle Fatal Serious Minor
Displacement injury injury injury
Larger Than 50cc 3.0% 40.2% 56.8%
Under 50cc 1.9% 38.1% 60.0%
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30~39 3.1% 39.3% 57.6%
40~49 2.3% 39.8% 57.9% 4.2 ﬁ¢2| *1@
50~59 1.6% 39.8% 58.6%
60~69 3.5% 43.4% 53.1% g AtaLztgo] thsl| Abale] HAE=(HAA/ Y, F
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Table 9. Correlation Between Variables
Pearson Correlation Coefficient
) Time of Type of Weather Road Road Motorcycle
Section Occurrence | Accident Conditons | Conditions | Alignment Gender Age Displacement
Time of 1 026 051 046 —011 ~025 - 207 024
Occurrence
Type of 026 1 ~.056 040 133 008 020 007
Accident
Cwea.ther 051 056 1 743 013 -032 009 003
onditions
Road 046 —.040 743 1 - 015 ~023 022 005
Conditions
Road -.011 -133 013 -015 1 -.003 -.020 046
Alignment
Gender -.025 .008 -.032 -.023 -.003 1 022 121
Age =207 -.020 .009 .022 -.020 022 1 -.056
Motorcycle 024 .007 003 .005 046 121 -056 1
Displacement
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Table 10. Parameter Description

Variable Data Coding ReiErEnes
Group
. Minor injury—1, Serious injury—2, o

Severity Fatal injury3 Fatal injury

Time of ) .
Occurrence Day-0, Night-1 Night

Type of Motorcycle—to—Pergon—1 Motorcycle

; Motorcycle—to—Vehicle—2
Accident only
Motorcycle only-3
Road
Conditions Dry-0, Others—1 Others
Location
(Left Uphill-1, Left Downhill-2,

Road Left Flatland—3, Right Uphill=4, | Straight,
Alignment |Right Downhill-5 Right Flatland—6,| Flatland
Straight Uphill-7, Straight
Downhill-8, Straight Flatland—9)

Motorcycle
Gender User's Gender Female
(Male-0, Female—1)

Motorcycle
User's Age

Age (10~19-1, 20~29-2, 30~39-3, O'de;otha”
40~49-4, 50~59-5, 60~69-6,
Older Than 70-7)
Motorcycle Motorcycle Displacement Under
Displacement (Larger Than 50cc-0, 50cc
P Under 50cc—1)
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Table 11. Case Summary
N Percent
1 2,487 58.1%
Severity 2 1,681 39.3%
3 109 2.5%
Time of 0 2,065 48.3%
Occurrence 1 2,212 51.7%
T ' 1 1,262 29.5%
ype © 2 2,760 64.5%
Accident
3 255 6.0%
. 0 3,856 90.2%
Road Conditions 1 o1 9.8%
1 17 0.4%
2 26 0.6%
3 51 1.2%
4 27 0.6%
Road Alignment 5 32 0.7%
6 50 1.2%
7 284 6.6%
8 356 8.3%
9 3,434 80.3%
0 4131 96.6%
Gender 1 146 3.4%
1 1,433 33.5%
2 1,169 27.3%
3 601 14.1%
Age 4 568 13.3%
5 319 7.5%
6 146 3.4%
7 4 1.0%
Motorcycle 0 2,751 64.3%
Displacement 1 1,526 35.7%
Valid 4,277 100.0%
Missing -
Total 4277
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Table 12. Model Fit Index

-2 Log .
Model Likelihood Chi-Squared| D.F P-value
Ony | 500 458 - - -
Intercept
Final 482.649 141.810 12 .000

Link Function : Probit
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Table 13. Goodness Of Fit

GOF Chi—Squared D.F GOF P-value
Pearson 205.942 178 .074
Deviation 208.912 178 .056
Link Function : Probit
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Table 14. Goodness Of Fit(Pseudo R2)

Pseudo R2
Cox&Snell 0.033
Nagelkerke 0.041
McFadden 0.021
Link Function : Probit
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Table 15. Parameter Estimates

Estimation of Parameter

Model 1 Model 2 Model 3 Model 4
B S. E |P-value| B S. E |P-value| B S. E |P-value| B S. E |P-value
Marginal Severit Minor injury |-.404| 237 | .088 |-.434| 230 | .060 |-.517| .205 | .012 |-287| .081 | .000
Value ¥ Serious Injury | 1405 | .239 | .000 |1.376| .232 | .000 |1.293| .207 | .000 |1517| .086 | .000
Time of Day -111].039 | 004 |-111| .039 | .004 |-111| .039 | .004 |-.096| .038 | .01
Occurrence Night Oa Oa Oa Oa
MO“’;Z;’;')T"‘ -392| .083 | .000 |-392| .083 | .000 |-393| .083 | .000 |-.405| .082 | .000
Type of Motorcycle—to—
Accident Ver:/icle —-.636| .079 | .000 |-.634| .079 | .000 |-.635| .079 | .000 |-.645| .079 | .000
Motorcycle Only |  0? . . (08 (0} (o)
Road Dry .032 | .063 | .608 - - - - - - - - -
Conditons Others o . . - - - - - - - - -
Left Uphill -.042| 299 | 889 |-.042| 299 | .887 |-.044| 299 | .883 |-.064| .298 | .829
Left Downhill | .816 | .228 | .000 | .815 | 228 | .000 | .813 | .228 | .000 |.806 | .227 | .000
L Left Flatland | .451 | 165 | .006 | .451 | 165 | .006 | .452 | .165 | .006 | .470| .165 | .004
o} Road Right Uphill 216 | 230 | .346 | .215 | 230 | .350 | .217 | 230 | .344 |.202| 229 | 378
¢l 2‘; i | Right Downhill | .000 [ 216 | 998 |.001| 216 | .996 |-.003| 215 | 987 | 013 | 214 | 950
a 9 Right Flatland | 135 | 171 428 | 135 | 171 430 | 132 | A7 438 | 139 | 170 413
t Straight Uphill | .075 | .075 | 318 |.074| .075 | .324 | .073 | .075 | .328 |.070| .075 | .353
' Straight Downhill| 152 | .067 | .024 | .151 | .067 | .024 | 152 | 067 | .023 | .151 | .067 | .025
0 Straight Flatland| 0° . . 0° ) ) 0° . . 0° ) )
m Male .085 | 106 | 423 |.084 | .106 | .429 - - - - - -
Gender
Female 0° . . 0° . . - - - - - -
10-19 -296| 190 | 120 |-.296| .190 | .120 |-.299| .190 .16 - - -
20-29 =171 | 191 370 | -171] 191 370 |[-174| 191 .360 - - -
30-39 -230| 194 | 235 |-231| 194 | 234 |-233| 194 | .229 - - -
Age 40-49 =232 | 194 | 232 |-232| 194 | 232 |-236| .194 | 223 - - -
50-59 =227 199 | 254 |-229| 199 | .251 |-233| .199 | .241 - - -
60-69 -.078| 212 g1 |-079| 212 | 708 |-.082| 212 | .698 - - -
70— 0° 0° 0° . . - - -
Motorcycle |Larger Than 50cc | .086 | .040 | .030 |.086 | .040 | .029 |.090| .039 | .022 | .091 | .039 .021
Displzzzara Under 50cc 0 . (08 . 0k . 0 .
LL(0) 1721.797 1471.653 1350.402 624.458
LL(B) 1568.635 1318.753 1198.137 482.649
p? 0.09 0.10 0.1 0.23
X2 961.631 794.384 681.930 205.942
Degree of Freedom 20 19 18 12
Num. of observation 4277 4277 4277 4277
Link Function : Probit
a. Current parameters is set to zero because it is a overlap
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Table 16. Analysis of Marginal Effect
Severity 1 Severity 2 Severity 3
i Reference (Minor injury) (Serious Injury) (Fatal injury)
Variable Group
Group Rateof | , . | Rateof | , | Rateof |
Change Change Change
OT'me e Day Night 13.0 0.051 -108 | 0068 577 000
ccurrence
EIETEYEIESE= 173 0034 | -135 | 0053 ~96.9 000
Type of Person Motorcycle
Accident —to— Onl
Hiargyele=ic H 865 0000 | -469 | 0.000 ~95.6 000
Vehicle
Left Uphill -20.3 0.645 33.8 0.554 -100.0 .998
Left Downhill -50.4 0.087 4.3 0.216 439.3 004
Left Flatland -46.6 0.029 13.7 0.656 428 47
Road Right Uphill Straight -327 0.311 36.4 0.427 -52.4 504
Alignment Right Downhill Flatland -87 0.800 -8.7 0.804 -64.8 182
Right Flatland -30.8 0.201 305 0.355 -73.3 .083
Straight Uphill -11.9 0.315 8.3 0.530 -30.6 361
Straight Downhill -27.6 0.004 35.6 0.007 -67.2 .007
Motorcycle |\ o er Than 50cc | Under 50cc | —15.1 0.010 6.7 0.310 442 000
Displacement
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Table 17. Crosstabs Analysis

Chi—Square Test

Time of Occurrence Type of Accident Road Alignment Motorcycle Displacement
Value | D.F |P-value| Value | D.F |P-value| Value | D.F |P-value| Value | D.F |P-value
Pearson chi—square | 13.388 001 [192127 | 4 .000 [128.396| 16 .000 6.650 .036
Likelihood ratio 13.537 .001 |135.494| 4 .000 | 59.818 | 16 .000 | 6.823 .033
Number of Valid Cases | 4,277 4277 4277 4277
183 At % H ¢AY ZRHEYY ST Es = AoR Usith £ o] A tf AR ARLLY} o &
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Z=7F e =2 A o= YER O] HMY7H5/dE 96.9%, 95.6% WotAl= A o= e
=k
Table 18. Accuracy Classification QU O T FUEE ZW(HHEE So| Al
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