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ABSTRACT

Cars become the most popular private vehiclesin the present day because of
their characteristics of convenience and privacy; therefore, the number of car
accidents is always more than other accidents. This research proposes a model
formulation to discuss car collision characteristics and the factors that affect its
injury severity.

This research formulates models estimated by using car disaggregate data
which includes the areas in Taoyuan, Hsinchu, and Miaoli during recent two
and half years since March, 2000 in authenticated organization. Most previous
studies using disaggregate data to explore the severity of the accidents focused
on all data instead of separating samples by different characteristics. For this
reason, multivariate model is adapted in this research to reduce the number of
variables and categorize samples in order to discuss the characteristics of each
group, and binary logit model is adapted to formulate the injury severity
models of each group in order to find out the factors that affect injury severity.

In multivariate models, this study uses three ways to formulate the models:
categorizing samples by cluster analysis after reducing the number of variables
by factor analysis determining the most appropriate numbers of factors and
clusters by multinomial logit models , reducing the number of variables by
factor analysis after categorizing samples by cluster analysis determining the
most appropriate numbers of factors and clusters by discriminant analysis and
scree plot , and reducing the number of variables by factor anaysis after
categorizing samples according to the location where accidents happened

adding two location variables and determining the most appropriate numbers
of factors . Thisresearch discusses the characteristics of car accidents and tests
the stability of the multivariate models via the former three ways.

Although the results of factor analysis are not exactly the same in each
group, this research approximately generalizes four factors. “external
environment factor” road class and speed limit , “personal background factor”

level of education, age, and qualification of driving , “time condition factor”

season, daylight, and official holiday , and “accident situation factor” parts
of car damage, actions of interesting and another cars . In binary logit models,
there are at least one above-mentioned factor that affects injury severity
significantly. Four variables among these factors have similar effects on the
accident severity within each group, they are age older more serious , level of
education lower more serious , qualification of driving more complete more
serious , partsof car damage more frontal more serious

Keywords. cars, characteristics of accidents, factor analysis, cluster anaysis,
discriminant analysis, logit model
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FAC2 | -1.4586 | 0.5153 -2.831 0.0046 *ok
FAC3 0.0551 | 0.2523 0.218 0.8271
FAC4 0.5119 | 0.3648 1.403 0.1605 *
LL 0 = -291.815
LL ¢ = -77.430
LL B = -71.687
p ’ = 0.7372
= 0.9359
* 75 * 95
5.33
FAC2
[
]
5.34
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p-value
2.891 0.5394 5.360 0.0000 * ok
FACI1 -1.544 0.3155 -0.489 0.6246
FAC2 -0.7813 0.3276 -2.385 0.0171 * ok
FAC3 0.4818 0.2309 2.086 0.0369 ok
FAC4 0.6447 0.3110 2.073 0.0382 * ok
LL O -190.616
LL ¢ -79.080
LL B -72.068
p 0.5957
= 0.8545
5.34
FAC2 FAC3 FAC4
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5.3

5.3.1

3~6

5.35

3 834 91.35
4 801 87.73
5 783 85.76
6 760 83.24
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5.36

1 2 3
1.99 1.99 1.76
1.30 1.35 1.26
1.34 1.33 1.31
2.82 2.69 3.04
2.07 2.04 2.21
1.98 1.83 1.56
1.03 1.04 1.03
1.88 1.90 1.85
1.35 1.30 1.52
1.50 1.45 1.88
3.14 3.17 2.58
2.02 4.29 2.21
2.54 2.31 2.16
1.69 2.57 5.76
524 172 217

5.3.2
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5.37

1 1.834 13.101 13.101
2 1.323 9.450 22.551
3 1.211 8.652 31.202
4 1.133 8.092 39.295
5 1.103 7.881 47.176
6 0.990 7.074 54.250
7 0.958 6.843 61.093
8 0.915 6.533 67.625
9 0.912 6.515 74.141
10 0.873 6.238 80.378
11 0.827 5.909 86.288
12 0.802 5.731 92.019
13 0.733 5.237 97.256
14 0.384 2.744 100.000

QCL _1: 1

1 2 3 4 5 8 9 1011121314

5.2
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5.38

1 1.648 11.772 11.772
2 1.574 11.246 23.019
3 1.267 9.049 32.068
4 1.211 8.650 40.718
5 1.164 8.317 49.035
6 1.080 7.717 56.751
7 1.054 7.532 64.283
8 0.908 6.487 70.770
9 0.830 5.925 76.695
10 0.823 5.876 82.571
11 0.718 5.129 87.700
12 0.629 4.492 92.192
13 0.550 3.928 96.120
14 0.543 3.880 100.000
QCL_1:
1 2 3 4 5 8 9 10 11 12 13 14
5.3
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5.39

1 2.138 15.273 15.273
2 1.408 10.061 25.333
3 1.348 9.625 34.959
4 1.119 7.993 42.952
5 1.066 7.616 50.568
6 1.037 7.410 57.977
7 1.006 7.184 65.161
8 0.990 7.075 72.236
9 0.860 6.145 78.381
10 0.772 5.517 83.898
11 0.705 5.036 88.934
12 0.679 4.852 93.786
13 0.612 4.372 98.158
14 0.258 1.842 100.000

QCL _1: 3

n

1 2 3 4 5 6 7 8 9 10 11 12 13 14
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0.35
5.40
1 2 3 4
0.841 0.715
-0.834 0.714
0.156
0.682 0.491
0.645 0.497
0.454 0.239
0.031
0.679 0.557
0.607 0.380
-0.435 -0.374 0.394
0.374 0.275
0.580 0.359
0.389 0.471 0.432
0.449 0.261
1.786 1.267 1.254 1.195
12.760 9.046 8.955 8.533
12.760 21.806 30.761 39.295
KMO 0.544
0.35
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5.40 1

1.786
12.760 2
1.267
9.046 3
1.254
8.955 4
1.195
8.533
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5.41

1 2 3 4
0.813 0.678
0.529 -0.378 0.461
0.099
0.746 0.578
-0.683 0.469
0.481 -0.452 0.454
-0.415 0.384
0.737 0.552
0.464 0.305
0.123
0.688 0.489
0.570 0.367
0.457 0.414
-0.365 -0.385 0.326

1.462 1.461 1.402 1.376

10.442 10.434 10.015 9.827

10.442 20.875 30.890 40.718

KMO 0.497
0.35
5.41 1
1.462
10.442 2
1.461
10.434 3
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1. 402
10.015 4
1.376
9.827
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5.42

1 2 3 4
-0.876 0.778
0.863 0.754
-0.517 0.286
0.565 0.339
0.400 0.491 0.431
0.403 0.174
0.732 0.581
0.415 0.595 0.585
-0.386 0.436 0.353
0.358 0.162
0.599 0.476
-0.590 0.409
0.391 0.556 0.481
-0.386 0.205

2.082 1.400 1.295 1.236

14.874 9.997 9.252 8.829

14.874 24.871 34.123 42.952

KMO  0.580
0.35
5.42
2.082
14.874 2
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1.400 9.997

3
1.295 9.252
4
1.236 8.829
5.3.3
4
5.43
490 168 202
34 4 15
524 172 217
5.44
444 146 184
80 26 33
524 172 217
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5.45

p-value
3.0063 0.2319 12.965 0.0000 * ok
FACI1 -0.4989 0.1641 -3.041 0.0024 *k
FAC2 -0.3929 0.1733 -2.267 0.0234 ok
FAC3 0.6016 0.2170 2.773 0.0056 * ok
FAC4 -0.2737 0.1725 -1.586 0.1127 *
LL O = -363.209
LL ¢ -125.867
LL B = -114.469
p 0.6711
70 Ok 95
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5.46

t p-value
1.8515 | 0.1355 13.664 | 0.0000 *k
FAC1 -0.4632 | 0.1158 -4.000 | 0.0001 ok
FAC2 | -0.3875 | 0.1201 -3.226 0.0013 ok
FAC3 0.1980 | 0.1322 1.497 0.1343 *
FAC4 | -0.7301 | 0.1191 -0.613 0.5400
LL 0 = -363.209
LL ¢ = -223.913
LL B = -210.147
p? = 0.4076
70 * 95
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5.47

t p-value
4.1936 | 0.7025 5.970 0.0000 *k
FACI -0.6192 | 0.4782 | -1.295 0.1955 *
FAC2 0.4266 | 0.4288 0.995 0.3198
FAC3 0.5725 | 0.5814 0.985 0.3248
FAC4 0.3182 | 0.6723 0.473 0.6360
LL 0 = -119.221
LL ¢ = -18.998
LL B = -17.116
p? = 0.8145
* 70 *k 95
5.48
t p-value
1.9820 | 0.2567 7.720 0.0000 *k
FAC1 -0.2720 | 0.2270 | -1.198 0.2309 *
FAC2 0.7766 | 0.2189 3.548 0.0004 *k
FAC3 0.0299 | 0.2201 0.136 0.8921
FAC4 0.3712 | 0.2668 1.391 0.1642 *
LL 0 = -119.221
LL ¢ = -73.052
LL B = -64.594
p? = 0.4163
* 70 * 95
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5.49

t p-value
2.6672 | 0.2838 9.397 0.0000 *k
FACI 0.2730 | 0.2668 1.023 0.3000 *
FAC2 0.1970 | 0.2915 0.676 0.4991
FAC3 0.5338 | 0.2862 0.187 0.8520
FAC4 | -0.2008 | 0.2589 | -0.776 | 0.4380
LL 0 = -150.413
LL ¢ = -54.547
LL B = -53.453
p ’ = 0.6114
* 70 *% 95
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5.50

t p-value
1.7407 0.1927 9.034 0.0000 * ok
FACI1 0.2465 0.1876 1.314 0.1890 *
FAC2 0.3071 0.1912 0.161 0.8724
FAC3 -0.3223 0.1814 -0.178 0.8590
FAC4 -0.3864 0.1889 -0.205 0.8379
LL O = -150.413
LL ¢ = -92.505
LL B = -91.594
p? = 0.3578
70 Ok 95
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5.4 3
5.4.1
5.51
327 230 104
5.52
1 2 3 1
77 3 8 21
7 13 15 61
7 4 15 5

&9
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5.4.2

5.53
1 1.691 0.568 10.568
2 1.397 8.729 19.297
3 1.315 8.217 27.514
4 1.226 7.660 35.174
5 1.136 7.098 42.272
6 1.086 6.789 49.061
7 1.046 6.539 55.601
8 0.950 5.938 61.538
9 0.941 5.884 67.422
10 0.882 5.515 72.937
11 0.859 5.371 78.308
12 0.794 4.965 83.273
13 0.710 4.439 87.712
14 0.693 4.330 92.043
15 0.655 4.095 96.138
16 0.618 3.862 100.000
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T B

.00

il

9

10 11 12 13 14 15 16

5.8
5.54
1 1.687 10.541 10.541
2 1.600 10.000 20.542
3 1.479 9.245 29.786
4 1.333 8.329 38.115
5 1.216 7.597 45.712
6 1.200 7.503 53.215
7 1.095 6.841 60.056
8 0.922 5.765 65.821
9 0.887 5.544 71.365
10 0.815 5.096 76.461
11 0.796 4.974 81.435
12 0.778 4.865 86.300
13 0.673 4.209 90.508
14 0.609 3.807 94.315
15 0.493 3.081 97.396
16 0.417 2.604 100.000
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T PR

. § o

1 2’ ?; 1'1 5’ é 7' é 9’ 1’0 1'1 1’2 1'3 1’4 1'5 16

5.9
5.55
1 2.452 15.325 15.325
2 1.704 10.652 25.977
3 1.628 10.173 36.150
4 1.414 8.838 44.988
5 1.236 7.722 52.710
6 1.103 6.892 59.602
7 1.032 6.453 66.054
8 0.976 6.098 72.152
9 0.900 5.623 77.775
10 0.745 4.659 82.434
11 0.658 4.111 86.546
12 0.559 3.494 90.040
13 0.499 3.118 93.157
14 0.434 2.714 95.872
15 0.378 2.363 98.235
16 0.282 1.765 100.000
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.00

n

94

9

10 11 12 13 14 15 16

0.35
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5.56

1 2 3 4
0.696 0.496
-0.651 0.502
-0.563 -0.430 0.534
0.453 0.445 0.455
0.548 0.307
-0.396 0.181
-0.357 0.323
0.125
0.356 0.141
0.711 0.531
0.574 0.412
-0.406 0.308
-0.405 0.205
-0.698 0.543
0.530 0.311
-0.422 0.252
1.541 1.447 1.370 1.270
9.633 9.045 8.560 7.936
9.633 18.678 27.238 35.174
KMO 0.548
0.35
1
1.541 9.633
2
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1.447 9.045

1.370

8.560 4
1.270 7.936
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5.57

1 2 3 4
0.821 0.681
0.807 0.676
0.084
0.638 0.443
-0.637 0.457
-0.434 0.250
0.370 0.183
0.357 0.202
-0.686 0.518
-0.550 0.354
-0.406 0.311
0.370 0.215
0.352 0.211
0.595 0.418
0.510 0.273
0.388 0.490 0.457
1.627 1.517 1.482 1.473
10.168 9.479 9.260 9.208
10.168 19.646 28.907 38.115
KMO 0.483
0.35
1
1.627 10.168 2
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1.517 9.479 3

1.482 9.260

1.473 9.208
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5.58

1 2 3 4
0.803 0.684
-0.776 0.607
0.484 0.191
0.432 0.199
-0.670 0.567
0.664 0.597
-0.626 0.462
0.550 0.479
0.547 0.314
-0.797 0.661
-0.620 0.418
0.507 0.265
0.675 0.522
0.375 0.515 0.414
0.492 0.452
-0.482 0.367
2.279 1.764 1.655 1.499
14.246 11.025 10.347 9.369
14.246 25.271 35.618 44.988
KMO 0.527
0.35
1
2.279 14.246
2
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1.764 11.025
3
1.655 10.347
4
1.499 44,988
5.4.3
4
5.59
306 221 99
21 9 5
327 230 104
5.60
292 199 82
35 31 22
327 230 104
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5.61

t p-value
3.0046 0.2904 10.348 0.0000 * ok
FACI1 0.1426 0.2208 0.646 0.5185
FAC2 0.7571 0.2626 2.883 0.0039 *ox
FAC3 -0.3308 0.2287 -1.447 0.1480 *
FAC4 0.2815 0.2130 1.321 0.1864 *
LL O = -226.659
LL ¢ = -77.965
LL B = -70.907
p = 0.6651
70 Ok 95
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5.62

t p-value
2.3496 0.2123 11.068 0.0000 * ok
FACI1 0.4105 0.1772 2.317 0.0205 ok
FAC2 0.5087 0.1903 2.673 0.0075 ok
FAC3 -0.1192 0.1787 -0.667 0.5045
FAC4 -0.3797 0.1969 -1.929 0.0538 *
LL O = -226.659
LL ¢ = -111.268
LL B = -101.664
p = 0.5294
70 Ok 95
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5.63

t p-value
4.6542 | 0.7481 6.221 0.0000 *k
FAC1 -1.0724 | 0.3444 -3.114 0.0018 *k
FAC2 | -1.0892 | 0.2964 | -3.675 0.0002 ok
FAC3 -0.0506 | 0.3429 | -0.148 0.8827
FAC4 0.9635 | 0.4553 2.116 0.0343 *k
LL 0 = -159.424
LL ¢ = -37.989
LL B = -25.459
p? = 0.8089
70 * 95
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5.64

t p-value
1.9937 | 0.2156 9.248 0.0000 *k
FACI -0.6546 | 0.1980 -0.331 0.7409
FAC2 -0.2942 | 0.1765 -1.667 0.0956 *
FAC3 0.2748 | 0.1899 1.447 0.1478 *
FAC4 0.4726 | 0.2189 2.158 0.0309 *k
LL 0 = -159.424
LL ¢ = -90.937
LL B = -86.094
p? = 0.4286
70 * 95
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5.65

p-value
3.3441 | 0.5812 5.754 0.0000 *k
FAC1 0.1524 | 0.4614 0.330 0.7412
FAC2 0.1908 | 0.4429 0.431 0.6667
FAC3 0.9611 0.5020 1.915 0.0555 *
FAC4 | -0.1348 | 0.4787 -0.282 0.7782
LL 0 = -72.087
LL ¢ = -20.053
LL B = -18.065
p? = 0.6800
70 * 95
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5.66

t p-value
1.4306 | 0.2640 5.419 0.0000 *k
FAC1 -0.3691 | 0.2424 -0.152 0.8790
FAC2 0.4106 | 0.2431 1.689 0.0912 *
FAC3 0.4175 | 0.3040 1.373 0.1696 *
FAC4 0.3283 | 0.2439 1.346 0.1783 *
LL 0 = -72.087
LL ¢ = -53.663
LL B = -50.615
p? = 0.2285
70 * 95
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6.1

913

40

913
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6.2
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