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ABSTRACT

The predictability of future accidents in terms of past violations or past accidents is investigated
by observing a four-year history of accident and violation records of North Carolina drivers. The
four-year driving history was divided into two adjacent time intervals, and the relationships were
determined between accidents and violations. Other factors considered are driver age and the
relative lengths of the two time periods.

The results show that past accidents are somewhat better predictors of future accidents than are
past violations, in the sense of identifying high risk driver groups. In either case, however, the vast
majority of all accidents occurring in a period of time (one, two or three years) involve drivers
having no accidents or violations in the previous period.

Driver age seems to have little effect with respect to the relationships between past and future
driving performance with the exception that the performance of the youngest group of drivers
seems to be slightly more unpredictable.
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INTRODUCTION

It has long been recognized that the future driving performance of an individual driver is
somewhat related to his past driving record (e.g., drivers with more than average numbers of
accidents and violations in the past tend to have more than average numbers of accidents and
violations in the future).

The relationship is weak, however, and past driving records account for a very small proportion
of the subsequent accident and violation variance.

This study is addressed to the investigation of the relationships between accidents and violations
over two consecutive time intervals.

The basic data for this study consist of accident and violation counts for each of four years
beginning with December 1966 and continuing through November 1970, for 2,502,240 North
Carolina drivers who were at least 22 years old at the end of the study period. Additional data were
collected over the last two years of the study period for 368,025 drivers who were 21 years old at
the end of the study period. These data were compiled by a search of the entire North Carolina
Department of Motor Vehicles (DMV) Driver License File, which contains the official driving
records of all North Carolina drivers.

The four-year study period was divided into two two-year intervals, and the relationships
between occurrences of accidents and violations in the two time intervals were investigated for
various driver age groups. For the youngest drivers only, two years of data were compiled—divided
into two one-year periods.



ANALYSIS AND RESULTS

For analyses the data were arrayed into two-way tables where rows are the occurrences (acci-
dents or violations) in the first time period, and columns are the occurrences in the second time
period. Row and column sums, measures of association or correlation, and other summary informa-
tion were then computed for each table.

Table 1 shows accidents in the second time period (two years) versus violations in the first
two-year period for drivers old enough to have a four-year driving record. Table 2 shows accidents
in the second period versus accidents in the first two-year period. Thus Table 1 shows the predictive
power of past violations relative to future accidents and Table 2 shows the same for past accidents
relative to future accidents.

In both tables, numbers of violations and accidents are recorded as 0, 1,..., 6 and 7 or more.
Measures of association or correlation (namely Goodman’s G, Spearman’s p , and Kendall’'s 7 )
have been computed and are shown with the tables. Tables 1 and 2 show that the correlations are
quite low. However past violations have a slightly higher correlation with later accidents than past
accidents have with future accidents. This finding agrees with Peck, McBride, and Coppin (1971).

Despite this overall difference in correlation slightly favoring violations, there is another way of
looking at the data that favors accidents as a predictor. Tables 1-A and 2-A show certain summary
measures computed from the data in Tables 1 and 2, respectively. Thus, for example, the fifth row
shows the proportion of drivers having at least one accident during the second two-year period as a
function of the number of violations (Table 1-A) or accidents (Table 2-A} they experienced in the
first two-year period. Table 1-A shows that the proportion having future accidents ranges from
approximately 10 percent for drivers having no violations during the first period, up to nearly 30
percent for drivers having four violations in the first period. The values level off at approximately
the 30 percent level for drivers with more than four violations in the first period.

Thus, of the 674 drivers in the state who had seven or more violations in the first time period,
30 percent had at least one accident in the second time period, but 70 percent had none.

Table 2-A shows this proportion again beginning at about .10 for drivers having no accidents in
the first period. In this case, however, the values rise steadily to .70 for drivers, with seven or more
accidents in the first period. That is, of the ten drivers with seven or more past accidents (two
years), 70 percent had at least one accident in the following two years. Plots of these proportions
are shown in Figures 1 and 2 as functions of prior violations and prior accidents respectively.

Since there were more drivers experiencing a given number of violations in the first period than
experiencing the same number of accidents in the first period it might seem that if more columns
were included in Table 1-A, the proportion of drivers with one or more accidents in the second
period might increase beyond .30 for some greater number of violations. However, this was still not
the case even when categories of 7, 8 and 9+ violations were included. Another possible explanation
for this difference between Figure 1 and Figure 2 in the proportion having one or more accidents in
the second period might be that drivers having a large number of violations in a short period of time
may tend to be removed from the driving population by state action and, hence, not be available to
experience accidents in a later period, while, on the other hand, drivers may not be routinely
removed from the driving population as a function of accidents alone.



Table 1. Accident distributions over a two-year period as a function of violations in a prior two-year period.

Accidents—second two-year period

0 1 2 3 4 5 6 7+ Row
Total

0 1,890,951 185,069 18,451 2,094 301 45 19 5 2,096,935
<| 1 247,266 43,379 6,759 1,012 181 39 5 4 298,645
5
S| 2 56,457 13,407 2,693 532 107 17 3 0 73,216
)i
al|l 3 15,862 4,647 1,078 247 57 13 3 0 21,907
g
<| 4 5,073 1,599 416 105 19 7 2 3 7,224
Q
Bl s 1,848 570 149 24 5 1 0 0 2,579
5

6 729 216 77 10 6 2 0 2 1042

7+ 474 154 38 4 4 0 0 0 674
COLUMN
TOTAL 2,218,660 249,041 29,661 4,028 680 124 32 14 2,502,240
G=.3604 Sd=.0019
P = 1130
7 =.0265  Sd=.0002




Table 1-A. Summary measures derived from Table 1.

No. of Violations During First Time Period 0

No. of drivers having this no. of violations
during first time period 2,096,935

Proportion of total no. of drivers .8380

No. of accidents in second period by
drivers having this no. of violations 229,831

Proportion of total accidents by drivers
having this no. of violations .7092

Proportion of drivers with this no. of
violations having at least one accident
during second period .0982

No. of drivers having at least this no.
of violations 2,502,240

No. of accidents in second period by
drivers having at least this no. of
violations 324,077

Proportion of all drivers having at least
this no. of violations 1.00

Proportion of all accidents by drivers
having at least this no. of violations 1.00

Average no. of accidents in second
period by drivers having this no. of
violations .1096

*No additional information provided by this cell

298,645

1194

60,910

.1879

1720

405,305

94,246

.1620

.2908

.2040

73,216

.0293

20,920

.0646

.2289

106,660

33,336

.0426

.1029

.2857

21,807

.0088

7,855

.0242

.2759

33,444

12,416

.0134

.0383

.3586

7,224

.0029

2,890

.0089

.2978

11,637

4,561

.0144

4001

2,679

.0010

965

.0030

.2884

4,313

1,671

.0017

.0052

3716

1,042

.0004

448

.0014

.3004

1,716

706

.0007

.0022

4299

7+

674

258

.0008

.2967

674

258

.0003

.0008

.3828

2,602,240

1.00

324,077

.1133

.1295




Table 2. Accident distribution over a two-year period as a function of accidents in a prior two-year period.

Accidents—second two-year period

Row
0 1 2 3 4 5 6 7+ Total
0 2.002,577 206,778 22,080 2,639 406 71 19 7 2234577
>
g 1 192,684 35,363 5,842 986 172 29 3 1 235,080
%.
7 2 20,467 5,694 1,369 300 65 18 5 1 27,919
g 3 2,546 1,008 284 81 24 5 1 4 3,953
S
3 4 321 162 73 14 11 1 2 0 584
©
@
5 5 55 26 7 7 1 0 2 1 99
6 7 6 4 1 0 0 0 0 18
7+ 3 4 2 0 1 0 0 0 10
COLUMN
TOTAL 2,218,660 249,041 29 661 4,028 680 124 32 14 2.502.240
G=.3441 Sd=.0023
p = .0893
= .0175  Sd=.0002




Table 2-A. Summary measures derived from Table 2.

No. of Accidents During First Time Period 0

No. of drivers having this no. of accidents
during first period 2,234,577

Proportion of total no. of drivers .8930

No. of accidents in second period by
drivers having this no. of accidents 260,997

Proportion of total accidents by
drivers having this no. accidents .8054

Proportion of drivers with this no. of
accidents having at least one accident
during second period .1038

No. of drivers having at least this no.
of accidents in first period 2,502,240

No. of accidents in second period
by drivers having at least this no.
of accidents 324,077

Proportion of all drivers having
at least this no. of accidents in
first period 1.00

Proportion of all accidents by drivers
having at least this no. of accidents 1.00

Average no. of accidents in second
period by drivers having this no. of
accidents .1168

*No additional information provided by this cell

235,080

.0939

50,863

.1669

.1803

267,663

63,080

.1070

.1946

.2164

27,919

.0112

9,719

.0300

.2669

32,583

12,217

.0130

.0377

.3481

3,953

.0016

1,974

.0061

.3559

4,664

2,498

.0019

.0077

.4994

584

.0002

411

.0013

.4503

711

524

.0003

.0016

.7038

99

.0000

84

.0003

4444

127

13

.0001

.0003

.8485

18

.0001

17

.0001

6111

28

29

.0000

.0001

.9444

7+

10

.0000

12

.0000

.7000

10

12

.0000

.0000

1.20

2,502,240

*

324,077

1133

.1295



PROPORTION OF DRIVERS HAVING AT LEAST ONE ACCIDENT IN SECOND TWO YEAR PERIOD
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Figure 1. Proportion of drivers having at least one accident in a two-year period as a function of violations in a prior
two-year period.
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Figure 2. Proportion of drivers having at least one accident in a two-year period as a function of accidents in a prior

two-year period.




However, Tables 3 and 3-A, which show violations in the second period as a function of
violations in the first period, seem to indicate that this is not the case. For instance, the fifth row of
3-A shows that over 60 percent of the drivers having 4, 5, 6, and 7+ violations in the first period had
one or more violations in the second period.

Thus accidents predict accidents and violations predict violations better than violations predict
accidents.

The last rows of Tables 1-A and 2-A show average numbers of accidents as functions of prior
violations and prior accidents, respectively. These are also shown in Figures 3 and 4 and exhibit the
same sort of behavior as do proportions with one or more accidents (i.e., steadily increasing as a
function of prior accidents and leveling off as a function of prior violations.)

It would, therefore, seem that from the standpoint of predicting relatively high likelihood of
involvement in future accidents, past accident records would serve as a better predictor than would
past violation records, though the ability to predict in either case is poor.

A more detailed analysis involving the fitting of certain types of curves to average numbers of
accidents and proportions having one or more accidents is given in the appendix.
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Table 3. Violation distributions over a two-year period as a function of violations in a prior two-year period.

Violations—second two-year period Row
0 1 2 3 4 5 6 7+ Total
0 1,787,466 243,548 48,882 11,848 3,438 1,124 394 235 ||2,096,935
< 1 206,451 62,580 20,052 6,329 2,106 729 261 137 298,645
>
[+¥)
§' 2 40,193 19,077 8,462 3,386 1,308 465 208 117 73,216
T
'_3": 3 9,930 6,090 3,261 1,462 683 298 113 70 21,907
g
‘<? 4 2,854 1,874 1,263 643 331 145 62 52 7,224
8
}'i, 5 888 679 482 281 133 74 33 27 2,597
2
a
6 386 234 175 124 61 33 16 13 1,042
7+ 247 147 105 67 48 20 19 21 674
COLUMN
TOTAL 2,048,415 334,229 82,682 24,140 8,108 2,888 1,106 672 2,502,240
G = .5046 Sd =.0012
p=.2138
7 = .0612 Sd =.0002
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Table 3-A. Summary measures derived from Table 3.

No. of Violations During First Time Period

No. of drivers having this no. of
violation during first period

Proportion of total no. of drivers

No. of violations in second period by
drivers having this no. of violations

Proportion of total violations in
second period by drivers having this
no. of violations in first period

Proportion of drivers with this no,
of violations having at least one
violation during second period

No. of drivers having at least this
no. of violations in first period

No. of violations in second period by
drivers having at least this no. of
violations

Proportion of all drivers having at
least this no. of violations

Proportion of all violations by drivers
having at least this no. of violations

Average no. of violations in second
period by drivers having this no. of
violations

0

2,096,936

.8380

400,237

.6351

1476

2,502,240

630,225

1.00

1.00

.1909

*No additional information provided by this cetl

298,645

1194

136,265

2162

.3087

405,305

229,988

.1620

.3649

4563

73,216

.0293

55,783

.0885

.4510

106,660

93,723

.0426

.1487

.7619

21,907

.0088

22,388

.0355

.5467

33,444

37,940

.0134

.0602

1.0220

7,224

.0029

9,114

.0145

.6049

11,537

15,552

.0046

.0247

1.2616

2,597

.0010

3,775

.0060

.6581

4,313

6,438

.0017

.0102

1.4536

1,042

.0004

1,652

.0025

6296

1,716

2,663

.0007

.0042

1.4894

7+ o+

674 2,502,240

.0003 *

1,111 630,225

0018 *
.6335 .1814
674 *
1111 *
.0003 *
.0018 ¥
1.6484 .2519
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AVERAGE ACCIDENTS PER DRIVER IN SECOND TWO YEAR PERIOD
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Figure 3. Average accidents per driver over a two-year period as a function of violations in a prior two-year period.
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Differences Due to Age of Driver

Results in the previous section dealt with all age groups. In order to investigate any differential
effects associated with driver age, the data were divided into four driver age groups as of December
1, 1970. Tables were constructed for each of these age groups. Tables 4 through 7 show the resuits
for the case of accidents versus prior accidents. These tables together with their accompanying
summary tables (4A-7A) show, in general, very few differences among the various age groups. The
most noticeable difference seems to be that the youngest age group, 22-25, is even less predictable
than the other age groups. This can be seen from the correlations and also from certain of the
summary measures such as average number of second period accidents, which starts at a higher level
(.1637 for the 22 through 25-year-old group versus .1168 for the overall) for drivers having no
accidents in the first two-year period, and then increases at a slower rate as a function of increasing
first period accidents. Figure 5 shows average accidents per driver for the 22 through 25-year-old
age group together with that for all age groups combined.

14
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Table 4. Accident distributions for drivers aged 22-25 over a two-year period as a function of accidents in a prior two-year

period.
Accidents—second two-year period—22-25 year old age group R
ow
0] 1 2 3 4 5 7+ Total

c

)

% 0 276,081 36,196 4,967 715 105 28 2 318,101
e

N 1 33,615 7,164 1,368 237 36 5 0 42,415
Y]
o
N 2 4,639 1,339 313 63 18 4 0] 6,377
3
5 3 648 239 b4 17 3 2 1 964
>

]

> 4 73 41 18 3 2 0 0 137
E

% 5 14 7 0] 2 0 0 0 24
J

o 6 2 2 1 0 0 0 0 5
3

Q

< |7+ 1 1 0 0 0 0 0 2
COLUMN

TOTAL 315,673 44,989 6,711 1,037 164 39 3 368,075
G = .2913 Sd = .0052

p = .0877

T = .0212 Sd =.0005
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Table 4-A. Summary measures derived from Table 4.

No. of Accidents During First Time Period

No. of drivers having this no. of
accidents during first period

No. of drivers having this no. of
accidents during first period

Proportion of total no. of drivers

No. of accidents in second period by
drivers having this no. of accidents

Proportion of drivers with this no. of
accidents having at least one accident

No. of drivers having at least this no.
of accidents in first period

No. of accidents in second period by
drivers having at least this no. of
accidents

Proportion of all drivers having at least
this no. of accidents in first period

Proportion of all accidents by drivers
having at least this no. of accidents

Average no. of accidents in second period

by drivers having this no. of accidents

*No additional information provided by this cell

0

318,101

.8643

48,891

.7829

31

368,025

62,448

1.00

1.00

.1637

42,415

.1163

10,760

1723

.2075

49,924

13,657

.1357

2171

.2537

6,377

.0730

2,252

.0361

2725

7,509

2,797

.0204

.0448

.3531

964

.0026

427

.0008

.3278

1132

545

.0031

.0087

4429

137

.0004

94

.0015

4672

168

118

.0005

.0019

.6861

24

.0001

19

.0003

4167

31

24

.0001

.0004

7917

.0000

.0001

.6000

.0000

.0001

.8000

7+

.0001

.0000

.5000

.0001

.0000

5000

o+

368,025

62,448

.1439

.1697
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Table 5. Accident distirbutions for drivers aged 26-39 over a two-year period as a function of accidents in a prior two-year

period.
Accidents—second two-year period—26-39 yr. old age group R
ow
0 1 2 3 4 5 6 7+ Total
Q
3
S
= | o 709,649 74,774 8,311 1,017 168 30 6 1 783,956
©
o
° 1 68,827 13,273 2,291 398 71 11 1 1 84,873
>
3
2| 2 7.817 2,286 576 128 28 6 2 0 10,843
oN
|
S| 3 1,064 434 115 38 11 2 i 0 1,667
g
§; 4 149 75 28 6 2 1 1 0 262
&
2 | s 28 10 6 3 1 0 1 1 50
s | 6 3 3 1 0 0 0 0 0 7
&
o
g | 7+ 0 0 0 0 0 0 0 0 0
<
COLUMN
TOTAL 787,537 90,855 11,328 1,590 281 50 12 5 891,658
G=.3601 Sd=.0036
P = .0969
r =.0195  Sd=.0003
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Table 5-A. Summary measures derived from Table 5.

No. of Accidents During First Time Period

No. of drivers having this no. of
accidents during first period

Proportion of total no. of drivers

No. of accidents in second period
by drivers having this no. of accidents

Proportion of total accidents by
drivers having this no. of accidents

Proportion of drivers with this no.
of accidents having at least one accident
during second period

No. of drivers having at least this
no. of accidents in frist period

No. of accidents in second period
by drivers having at least this no.
of accidents

Proportion of all drivers having at
least this no. of accidents in first
period

Proportion of all accidents by drivers
having at least this no. of accidents

Average no. of accidents in second
period by drivers having this no. of

accidents

*No additional information provided by this cei!

0

793,956

.8904

95,312

.7958

.1062

891,658

119,762

1.00

1.00

.1200

84,873

.0952

19,401

.1620

.1891

97,702

24,450

.1096

.2042

.2286

10,843

.0122

3,976

.0332

2791

12,829

5,049

.0144

.0422

.3667

1,667

.0019

852

.0071

.3617

1,986

1,073

.0022

.0090

5111

262

.0003

168

.0014

4313

319

221

.0004

.0018

.6412

50

.0001

48

.0004

.4400

57

53

.0001

.0004

.9600

.0001

.0000

5714

.0001

.0000

.7143

7+

0

.0000

.0000

.0000

.0000

.0000

.0000

891,658

119,762

.1168

.1343
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Table 6. Accident distributions for drivers aged 40-59 over a two-year period as a function of accidents in a prior two-year

period
Accidents—second two-year period—40-59 yr. old age group
Row
0 1 2 3 4 5 7+ Total

o

3

o

o

) 0 762,592 72,080 6,604 679 87 11 3 842,059
(3]
he)

3 1 66,875 11,048 1,644 261 43 9 0 79,881
>
3
g 2 5,928 1,540 366 80 13 5 0 7,932
&
2 3 629 265 85 19 6 0 1 1,005
8

S | 4 76 35 20 3 3 0 0 138
°

2

2 5 10 9 0 1 0 0 0 20
é’a 6 1 1 1 0 0 0 0 3
c

(]
B

g | 7+ 2 2 2 0 0 0 0 6
<

COLUMN

TOTAL 836,113 84,980 8,721 1,043 152 25 4 931,044
G = .3367 Sd =.0041

p = .0793

7 = .0141  Sd=.0002
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No. of Accidents During First Time Period

No. of drivers having this no. of
accidents during first period

Proportion of total no. of drivers

No. of accidents in second period by
drivers having this no. of accidents

Proportion of total accidents by
drivers having this no. of accidents

Proportion of drivers with this no.
of accidents having at least one
accident during second period

No. of drivers having at least this
no. of accidents in first period

No. of accidents in second period
by drivers having at least this no.
of accidents

Proportion of all drivers having
at least this no. of accidents in
first period

Proportion of all accidents by drivers
having at least this no. of accidents

Average no. of accidents in second
period by drivers having this no.

of accidents

*No additional information provided by this cell

Table 6-A. Summary measures derived from Table 6.

0

842,059

.9044

87,767

8253

.0944

931,044

106,348

1.00

1.00

.1042

79,881

.0858

15,342

1443

.1628

88,985

18,581

.0956

1747

.1921

7,932

.0085

2,593

.0244

.2526

9,104

3,239

.0098

.0305

.3269

1,005

.0011

523

.0049

3741

1,172

646

.0013

.0061

.6204

138

.0001

102

.0010

4493

167

123

.0002

.0012

7391

20

.0000

12

.0001

.5000

29

21

.0000

.0002

.6000

.0000

.0000

.6667

.0000

.0001

1.00

7+

.0001

.0001

.6667

.0000

.0001

1.00

931,044

*

106,348

.1020

.1142
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Table 7. Accident distributions for drivers aged 60 and above over a two-year period as a function of accidents in a prior

two-year period.

Accidents—second two-year period—60+ yr. old age group Row

0 1 2 3 4 5 7+ Total
Q
3
S| 0 254,255 23,728 2,198 228 46 2 1 280,461
S
2 1 23,367 3,878 549 90 22 4 0 27,911
S
é 2 2,083 529 115 29 6 3 1 2,767
-
2 3 205 70 30 7 4 1 0 317
8
S| 4 23 1 7 2 4 0 0 47
S
2
o 5 3 0 1 1 0 0 0 5
& 6 1 0 1 1 0 0 0 3
&
pe
§ 7+ 0 1 0 0 1 0 0 2
TOTAL 279,937 28,217 2,901 358 83 10 2 311,513
G = .3385  Sd=.0070
p = .0810
r =.0147  Sd=.0004
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No. of Accidents During First Time Period

No. of drivers having this no. of
accidents during first period

Proportion of total no. of drivers

No. of accidents in second period by
drivers having this no. of accidents

Proportion of total accidents by
drivers having this no. of accidents

Proportion of drivers with this no. of
accidents having at least one accident
during second period

No. of drivers having at least this
no. of accidents in first period

No. of accidents in second period by
drivers having at least this no. of
accidents

Proportion of all drivers having at
least this no. of accidents in first
period

Proportion of all accidents by drivers
having at least this no. of accidents

Average no. of accidents in second period

by drivers having this no. of accidents

*No additional information provided by this cell

Table 7-A. Summary measures derived from Table 7.

o

280,461

.9003

29,027

.8172

.0934

311,613

35,519

1.00

1.00

.1035

27,911

.0896

5,360

.1509

.1628

31,052

6,492

.0997

.1828

.1920

2,767

.0089

898

.0253

2472

3,14

1,132

0101

.0319

3245

317

.0010

172

.0048

.3633

374

234

.0012

.0066

.5426

47

.0002

47

.0013

5106

57

62

.0002

.0017

1.00

.0000

.0001

.4000

10

15

.0000

.0004

1.00

.0000

.0001

.6667

10

.0000

.0003

1.6667

7+

2

.0000

.0001

1.00

.0001

.0001

2.500

311,513

35,519

1014

.1140
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AVERAGE ACCIDENTS PER DRIVER IN SECOND TWO YEAR PERIOD

1.20

Overall

1.00

.80

22-25 Year Olds

.40

.20

0 1 2 3 4 5 6 7
PRIOR ACCIDENTS IN FIRST TWO YEAR PERIOD

Figure 5. Comparison of average accidents per driver as a function of prior accidents for 22 through 25-year-old drivers
with all age groups.



Effects of Relative Lengths of Time Periods

While most of analyses involved comparisons of driving performance during a two-year period
with that in the preceding two-year period, certain analyses were done by dividing the four-year
observation period in a different manner. Table 8 shows accidents in a one-year period as a function
of accidents in the preceding three years while Table 9 shows accidents in a three-year period as a
function of accidents in the preceding one-year period. Comparing these tables with Table 2 it can
be seen that the correlations increase monotonically with the length of the second time period. This
would seem to be due to two factors. First, the shorter prior time periods give rise to more coarsely
defined groups, (i.e., K accidents in a one-year period is a worse record than K accidents in a two
year period for any integer K = 0, 1, 2, ... but not as bad as 2K accidents in a two-period).
Secondly, the longer second observation periods provide more opportunity for the observation of
the relatively rare occurrence of accidents. The effects of these two factors can also be seen in
Figure 6 which shows average number of accidents per driver as a function of prior accidents for the
three situations. The first factor gives rise to the different slopes of the curves while the second
factor gives rise to the differences in intercepts.

The effects of the relative lengths of the two time periods will be discussed further in the next
section.
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Table 8. Accident distributions over a one-year period as a function of accidents in a prior three-year period.

Accidents—second one-year period

- Row
0 1 2 3 4 5 Total

0 2,002,577 | 104,048 5,931 438 30 5 2,113,029
3 1 295,414 26,776 2,362 231 16 9 324,808
H
. 2 45,203 6,255 811 102 12 3 52,386
S
14
£ 3 7,666 1,677 247 34 2 2 9,528
-:T: 4 1,441 375 80 11 3 0 1,910
2
S 5 300 83 30 10 1 0 424
o
<

6 82 20 13 0 0 0 115

7+ 25 4 7 3 1 0 40
COLUMN
TOTAL 2,352,708 | 139,138 9,481 829 65 19 2,502,240
G=.3360 Sd=.0026
p = .0762
T =.0131  Sd=.0001
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Table 8-A. Summary measures derived from Table 8.

No. of Accidents During First Time Period

No. of drivers having this no. of
accidents during first period

Proportion of total no. of drivers

No. of accidents in second period
by drivers having this no. of accidents

Proportion of total accidents by
drivers having this no. of accidents

Proportion of drivers with this no. of
accidents having at least one accident
during second period

No. of drivers having at least this no.
of accidents in first period

No. of accidents in second period by
drivers having at least this no. of accidents

Proportion of all drivers having at
least this no. of accidents in first
period

Proportion of all accidents by drivers
having at least this no. of accidents

Average no. of accidents in second period
by drivers having this no. of accidents

0

2,113,029

.8445

117,369

7293

.0623

2,502,240

160,942

1.00

1.00

.0555

*No additional information provided by this cell

324,808

.1298

32,302

.2007

.0905

389,211

43,573

.1665

.2707

.0994

52,386

.0209

8,246

.0512

371

64,403

11,271

.0257

.0700

.1574

9,628

.0038

2,191

.0136

.1954

12,017

3,025

.0048

.0188

.2300

1,910

.0007

580

.0036

.2455

2,489

834

.0010

.0052

.3037

424

.0002

177

.0011

.2925

579

254

.0002

.0016

4175

115

.0001

46

.0003

.2870

155

77

.0001

.0005

.4000

7+

40

.0000

31

.0002

.3750

40

31

.0000

.0002

7750

2,502,240

*

160,942

.0598

.0643
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Table 9. Accident distributions over a three-year period as a function of accidents in a prior one-year period.

Accidents—second three-year period

Row
0 1 2 3 4 5 6 7+ Total

0 2,002,577 303,379 45,731 7,711 1,544 334 81 24 2,361,381
3
2
. 1 96,083 26,662 6,217 1,490 367 91 24 14 130,949
>
[«5)
& 2 5,516 2,407 821 226 79 25 10 7 9,091
‘i 3 386 206 91 34 10 4 2 1 734
c
(3}
?é 4 29 21 14 4 5 1 0 0 74
<

5 6 1 2 1 0 0 0 1 11
COLUMN 2,104,607 332,677 52,876 7,466 2,005 455 117 47 2,502,240
TOTAL
G=.3564 Sd=.0020
p = .0807

= .0136  Sd=.0001
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Table 9-A. Summary measures derived from Table 9.

No. of Accidents During First Time Period

No. of drivers having this no. of
accidents during first period

Proportion of total no. of drivers

No. of accidents in second period by
drivers having this no. of accidents

Proportion of total accidents by drivers
having this no. of accidents

Proportion of drivers with this no. of
accidents having at least one accident
during second period

No. of drivers having at least this
no. of accidents in first period

No. of accidents in second period by
drivers having at least this no. of
accidents

Proportion of all drivers having at least
this no. of accidents in first period

Proportion of all accidents by drivers
having at least this no. of accidents

Average no. of accidents in second
period by drivers having this no.
of accidents

0

2,361,381

9437

426,474

.8919

.1619

2,502,240

478,153

1.00

1.00

.1806

*No additional information provided by this cell

130,949

.0523

45,732

.0956

.2663

140,859

51,679

.0563

.1081

.3492

9,091

.0036

5,277

.0110

.3932

9,910

5,947

.0040

.0124

.6805

734

.0003

569

.0012

4741

819

670

.0003

.0014

7752

74

.0000

86

.0002

.6081

85

101

.0000

.0002

1.1622

11

.0000

15

.0000

.4545

11

15

.0000

.0000

1.3636

2,502,240

*

478,153

.1589

911
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Figure 6. Effects of observation periods of varying lengths on average accidents per driver as a function of prior accidents.




CONCLUSIONS

From the contingency tables and their accompanying summary tables, several conclusions
concerning the predictability of accident involvement can be drawn.

The previous violation record of a driver is not a good predictor of his future accident involve-
ment. Thus, for instance, Table 1-A shows that of the 324,077 accidents occurring during the last
two years of the study period 229,831 or 70.92 percent of them involved drivers who had no
violations during the preceding two year period. Thus, 71 percent of a// of accidents in the second
time period were accounted for by people with no recorded offenses the previous two years—the
very people who would be assumed to have a clean record later.

Now let us look at the drivers who had the worst earlier records. Drivers with four or more
violations in the first two-year period (.46 percent of all drivers) went on to become involved in
4,561 accidents in the second two-year period. These 4,661 accidents represent 1.4 percent of the
total accidents that later occurred. Moreover, about 70 percent of the drivers having four or more
violations in the first two years had no accidents in the second two years. This 70 percent figure
seems to hold constant with increasing numbers of violations in the first time period, (i.e., even for
drivers with seven or more violations 70.33 percent had no accidents in the second period). This
together with Table 3-A, which shows that 63.35 percent of the drivers with 7 or more violations in
the first two years also had violations in the following two-year period, seems to indicate that there
are drivers who continue to accumulate violations, but who are not involved in accidents.

The previous accident record, on the other hand, seems to be a slightly better predictor of
accidents in the sense of identifying groups of drivers with relatively high likelihoods of being
involved in future accidents. Thus, the fifth row of Table 2-A shows that 35.59 percent of all drivers
having three accidents in the first two year period had at least one accident in the second period,
45.03 percent of those having four accidents in the first period had one or more in the second
period, etc. Figure 7 shows the proportion of driverc having at least one accident in second two-year
period having had k or more accidents in the first two-year period, as a function of k. From this
figure it can be seen that 37.14 percent of those drivers who had three or more accidents during the
first time period were involved in accidents in the second, 45.71 percent who had four or more in
the first period had accidents in the second, and so on up to 70 percent for those who had seven or
more accidents in the first period. It should be noted, however, that as the probability of future
accident involvement gets higher the number of drivers concerned and the number of accidents they
have in the second time period diminish to a very small proportion of the respective totals. Thus,
from rows 6, 7, 8, and 9 of Table 2-A, it can be seen that 4,664 drivers (0.19 percent of the total)
had three or more accidents in the first two years, and these drivers had 2,498 accidents (0.77
percent of all accidents) in the second two years; 711 drivers had four or more accidents in the first
period (0.03 percent), and they accounted for 524 accidents in the second period (0.16 percent);
etc. Again, as in the case of prior violations, the vast majority of accidents (80.54 percent) in the
second time period involved drivers who showed no accident symptoms during the first two year
period.

In summary, then, previous accident records seem to be somewhat better discriminators of
relatively high risk driver groups than are previous violation records. The numbers of drivers in the
groups so identified are quite small and the accidents these drivers are involved in make uponly a
small proportion of the total. Also, many who would be predicted to have a future accident do not,
while most future accidents are experienced by drivers who would not be predicted to have them.
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Age Effects

Very few differences can be noted with respect to the predictability of driving performance
from post records as a function of driver age. The one exception to this is the generally weaker
relationships between the driving regords over the two consecutive time intervals for the youngest
(22 through 25 year old) group as discussed in the analysis section. This same type of relationship is
also observed between violations and accidents, and violations and violations over the two time
periods for this youngest age group.

Tables 10 and 10-A show the relationships between accident records over two consecutive
one-year periods for drivers who were twenty-one years of age during the last year of the study
period. Here, an even greater lack of correlation is seen, but the shorter time intervals certainly
would contribute to this effect. In general, it would seem that for young drivers, previous driving
records may be an even less valid indicator of future accident involvement than for older drivers.

Effects of Relative Length of Time Periods

The observed effects on the relationships between accident records in two adjacent time periods
produced by varying the relative lengths of the time periods (i.e., 1 year vs 3 years, 2vs 2, 3vs 1)
were discussed in the analysis section. For the purpose of identifying high risk groups of drivers it
might be more informative to keep th# length of one of the time intervals fixed and vary the other,
particularly if some criteria could be specified in advance. For example, if one wished to identify a
group of drivers for whom it was estimated that at least one half would be involved in one or more
accidents in the next two years, one might select those drivers having four or more accidents in the
last two years, five or more in the last three years, etc., or some combination of these. By then
comparing the numbers of drivers and accidents involved, it might be possible, in some sense, to
determine an optimal record length for this purpose. No attempt to do this sort of thing has been
done in this study.

Selection and Selection Errors

If the decision is to be made to take some action against certain "‘high risk’’ drivers as deter-
mined by their past driving record in order to prevent future accidents, then it is important to know
consequences of this decision, such as:-How many drivers would be selected as being *high risk’’?
How many accidents would these drivers be expected to have in some future time period?, and how
many of these drivers would be expected to have no accidents in the future period? {(i.e., falsely or
erroneously predicted as “‘high risk’’).

Table 11 provides this type of information for North Carolina drivers during the four-year study
period, where the criterion for being selected was the number of violations during the first two
years, and the accident numbers represent accidents involving these drivers during the second two
years. Table 12 provides the same information where the criterion for selection is based upon the
number of accidents in the first two years.

Thus, the first row of Table 11 shows that if all drivers with one or more violations were
selected out for some accident prevention activity, this would involve 405,305 drivers (16.20
percent of all North Carolina drivers). These drivers had 94,246 accidents during the following two
years (29.08 percent of all accidents), which was in excess of the number they would be expected
to have based on the overall average number of accidents per driver during this period. However,
327,709 of these drivers selected (80.§§.§;percent) had no accidents during the second two-year
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Table 10. Accident distributions of 21-year-old drivers over a one-year period as a function of accidents in a prior one-year
period.

Accidents—second one-year period
Row
0 1 2 3 4 5 Total
= 0 144,803 12,184 1,036 77 10 0 158,110
]
2
s 1 13,118 1,767 232 26 1 1 15,145
:
S 2 1,204 215 33 5 2 0 1,459
Tl 3 113 23 7 1 0 0 144
=
QO
2| 4 13 2 1 0 0 0 16
<
5 0 0 0 1 0 0 1
COLUMN
TOTAL 159,251 14,191 1,309 110 13 1 174,875
G=.2699 Sd=.0109

.0568
.0095  Sd =.0005

©
]

-
I




14

Table 10-A. Summary measures derived from Table 10.

No. of Accidents During First Time Period

No. of drivers having this no. of
accidents during first period

Proportion of total no. of drivers

No. of accidents in second period by
drivers having this no. of accidents

Proportion of total accidents by drivers
having this no. of accidents

Proportion of drivers with this no. of
accidents having at least one accident
during second period

No. of drivers having at least this
no. of accidents in first period

No. of accidents in second period by
drivers having at least this no. of
accidents

Proportion of all drivers having at
least this no. of accidents in first
period

Proportion of all accidents by drivers
having at least this no. of accidents

Average no. of accidents in second
period by drivers having this no. of

accidents

*No additional information provided by this cell

0

158,110

9041

14,527

.8448

.0842

174,875

17,196

1.00

1.00

0919

15,145

.0866

2,318

.1338

16,765

2,669

.0959

.1652

.1631

1,459

.0083

304

0177

.1748

1,620

351

.0093

.0204

.2084

144

.0008

40

.0023

.2153

161

47

.0009

.0027

.2778

16

.0001

.0002

.1875

17

.0001

.0004

.2500

1

.0001

.0002

1.00

.0001

.0002

3.00

174,875

17,196

.0893

.0983
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Table 11. Characterisfics of ““High Risk’’ drivers selected by prior violations.

No. of % of No. of % of All % of No. With % of
Criterion Drivers Drivers Accidents Accidents | Excess* | No Accidents These Drivers

1 or more viol. 405,305 16.20 94,246 29.08 79.56 327,709 80.85
2 or more viol. 106,660 4.26 33,336 10.29 141.35 80,443 75.42
3 or more viol. 33,444 1.34 12,416 3.83 186.68 23,985 71.72
4 or more viol. 11,537 .46 4,561 1.41 205.28 8,124 7042
5 or more viol. 4,313 A7 1,671 .52 199.18 3,051 70.74
6 or more viol. 1,716 .07 706 .22 217.70 1,203 70.10
7 or more viol. 674 .03 258 .08 195.59 474 70.33

* % Excess computed by

% Excess = (No. of Acc.) — (No. of Drivers) (avg. no. acc./drivers)
{No. of Drivers) (avg. no. acc./drivers)




Table 12. Characteristics of ‘’High Risk'’ drivers selected by prior accidents.

No. of % of All No. of % of All % of No. With % of

Criterion Drivers Drivers Accidents Accidents Excess No Accidents These Drivers
1 or more

Accidents 267,663 10.70 63,080 19.46 81.98 216,083 80.73
2 or more

Accidents 32,5683 1.30 12,217 3.77 189.54 23,399 71.81
3 or more

Accidents 4,664 .19 2,498 77 313.68 2,932 62.86
4 or more

Accidents 711 .03 524 .16 469.10 386 b4.29
5 or more

Accidents 127 .005 113 .03 587.08 65 51.18
6 or more

Accidents 28 .001 29 .009 699.78 10 37.04
7 or more

Accidents 10 .0004 12 .004 826.64 3 30.00




period. Reading down the columns of Table 11, several things can be observed, as the number of
violations permitted before selection increases. 1) The percent of excess (more than ‘‘their share’ of
accidents) increases to around 200 percent. 2) The numbers of drivers selected and accidents
involving them decreases very rapidly. 3) The percent of selected drivers having no accidents (falsely
selected) does not decrease below about 70 percent.

From Table 12 it can be seen that when the criterion for selection is the prior accident record,
the percent of excess rises more with worsening record, and the percent of selected drivers having
no accidents falls to 50 percent or lower. On the other hand, the number of drivers selected and
preventable accidents becomes small even more rapidly.

Thus, in making such a decision one would have to choose between a criterion which would
select out a relatively large number of drivers (a high proportion of whom would be expected to
have no accidents) in order to have a chance to prevent a relatively large number of accidents or one
which would select a lower proportion of drivers expected to have no accidents at the sacrifice of
having a chance to prevent a much smaller number of accidents.
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SUMMARY

The foregoing data demonstrate cnce again that automobile accidents are not a very predictable
phenomenon. It perhaps will be worthwhile to summarize some implications of this finding.

First, the fact that accidents are not highly predictable does not mean that they are capricious
events not subject to understanding or control. It does however indicate limitations in addressing
the accident problem by seeking out a relatively small number of drivers thought to account for a
large portion of the accident problem.

As the data indicate, the majority of accidents are sustained by the majority of drivers. This
indicates that countermeasure programs that society supports must be manifold and widespread in
nature. This is quite unfortunate because it means the resources that must be expended are greater.

If it were true that the bulk of the accident problem was caused by only a few drivers and that
these drivers remain largely constant and were subject to identification, then the financial burden of
countermeasure programs would be smaller. For example, if only a small percentage of the people
consistently caused the bulk of accidents, the State could get along with a smaller highway patrol
simply because it would be easier to keep this small group of drivers under surveillance. The fact is,
however, that the highway patrol has to be large because it has to exercise a controiling influence
over the great majority of drivers inducing “us” to drive safely and legally.

It is because the majority of the drivers have the majority of the accidents that we must have
widespread driver licensing and driver education programs that reach all drivers rather than being
able to focus on a small core of problem drivers. Similarly, roadways must provide safety every-
where at all times, just as vehicles must.

None of the foregoing is, however, intended to deny or underemphasize the fact that there is
indeed a tiny percentage of drivers with bad records who tend to persist in their bad records in the
next time period. Thus it can be demonstrated that the worst .5 percent of all drivers in North
Carolina in one time period had 1.5 percent of the accidents in the second time period or three
times their share of accidents in the next time period.

It certainly is the case that for an' such group of drivers, no matter how small, it is worthwhile
to have special programs if it can be shown that these drivers have several times their share of
accidents. North Carolina and most other states have driver improvement techniques, medical
review procedures, etc., for this reason.

Since, however, these drivers with three times their share of accidents still only account for a
very small proportion of total accidents in the State, it is evident that such special programs cannot
detract from emphasis on other more widespread programs. Nor can programs aimed at the consist-
ently high risk driver be expected to achieve large statewide changes in the accident picture. Close
review must be maintained on the relative cost of dealing with this tiny group of drivers versus the
potential benefit even if the programs are successful.

Another factor is that even among so called “high risk’’ drivers a very significant proportion of
them have no future accidents. This raises questions of fairness as to the kinds of programs. For
example, if a very stringent suppressive program were brought to bear on drivers with a violation
record in the previous time period, one has to face the consequences of the fact that the majority of
this group are drivers who in fact would have clean accident records in the future.



This is somewhat analogous to a situation in which all persons found guilty are subjected to
stringent treatment despite the fact that more than half were in fact innocent. This kind of ratio is
generally unacceptable to people in the context of a punitive program.

It would be more socially acceptable however if positive programs were brought to bear on
these drivers. Instead of doing something to them, the State would do something for them. The high
risk group might be given remedial instruction, skill training, instruction in emergency vehicle
operating techniques, etc. Again, there is the question of the cost vs the practical benefit when deal-
ing with such a small proportion of drivers.

Accident repeaters are a small but important part of the overall problem. They deserve attention
through ingenious and cost-effective programs. |t should be realized, however, that countermeasures
directed at the violation and accident repeater cannot bring about large reductions in total accidents
but can bring about small and important gains.
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APPENDIX

In view of the relatively small numbers of drivers having more than two or three accidents or
violations in the first two-year period, the relationships between accidents and previous accidents
and violations was further investigated by fitting the proportion of drivers having accidents in the
second two-year period as functions of prior violations and prior accidents by a weighted least
squares procedure.

Quadratic functions fit quite well in both cases. In the case of prior violations the fitted model
was

P (v) =.0982 +.0818v — .00801v2, (i.e.) P {v) = .0982 +.0818v — .00801v2

(.0002) (.00079) (.00027)
where the standard errors of the coefficients are shown in parentheses. The X2 due to error for this
model was X2 | . =7.9178, p=_16.
As a function of prior accidents the fitted equation was
P (a) =.1038 +.0739 a +.00312 a2,
(.0002) (.0014) (.00086)

xg 4.¢, {due to error) = 6.6265, p = .25,

Thus, the proportion having at least one accident in the second period is fit as an increasing
function of both a (prior accidents) and a2, while as a function of prior violations the proportion
increases with v but decreases with v2. Figure 8 shows graphs of these two weighted least squares
curves. Their behavior is very similar to that of the proportions plotted in Figure 1 and 2.
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Figure 8. Weighted least squares fits to proportion of drivers having at least one accident as functions of prior violations

and or prior accidents.






