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Abstract—Investigators of accidents use accident rates and ratios to measure nisk of being involved in
a traffic accident. This paper uses two examples to present a graphical technique. that summmarizes
scatters of points by ellipses. to help describe the accident involvement of drivers. The first appendix
tells how the technique works and the second appendix summarizes other types of ratios used in the
literature. The paper discusses how the technique may tie together ratios in the literature on accidents
and ageing of drivers.

INTRODUCTION

Analysts use different criteria to measure risk of being involved in a traffic accident. Each
investigation derives an accident rate or ratio and compares the rate among drivers of several
subgroups. The analysts may arrive at different answers to the same research question, depending
on which criterion is used. We present a graphical technique, summarizing scatters of points
by ellipses, to help to unify results of various ratios and to show clearly outlying points and
discrepancies in the data. See Stoto [1980] and Tukey and Parunak {1984].

Two examples are used to present the graphical technique for displaying ratios. The first
example shows fatal accidents by state and age, with emphasis on the ageing driver. The second
example is of fatal accidents to drivers of combination vehicles by year and state. Appendix A
gives a step-by-step explanation of how to construct the ellipses. Appendix B is a review of
the literature on ageing and accidents and summarizes the ratios used. Computer programs are
also available in Fortran (Stoto [1980] and Baughman and Parunak [1983)]) and, for a micro-
computer implementation, in Pascal [O’Day, 1983] and in Basic [Baughman, 1984].

EXAMPLES TO PRESENT GRAPHICAL TECHNIQUE

Example 1. Fatal accidents by age and state.

Our first example illustrates the technique with data from Finesilver [1969]. Panels A
through C of Table | give the total number of accidents and number of accidents fatal only to
drivers for 26 states in 1967, for age groups 25-34, 35-44, and 65 and over. We limit ourselves
to these three age groups because they highlight a progression that continues through other age
groups, without unnecessarily lengthening the example. The third column in each panel gives
the population in the states based on the 1970 Census. The ratios in the last two columns are
v = (number of fatal accidents)/(total number of accidents) and x = (total number of accidents)/
(population in age group).

These long columns of ratios are relatively silent about differences in accidents among age
groups. The columns are even more silent about differences in the results among several ratios
and, at the same time, among age groups. To help detect and explain these differences, we
refer to a method of constructing isoquants and ellipses (see Stoto [1980]; or Tukey and Parunak
{1986]). The isoquants and ellipses provide at a glance comparisons among age groups and
among ratios.

Figure 1, Panels A through C, plots y against x for the three age groups. At the same time,
they display a third ratio, z = (number of fatal accidents)/(population in age group), the product
of x and ¥. A set of hyperbolic contour lines, or isoquants, references the ratio z. Each contour
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Table 1. Data for drivers in traffic accidents by state in 26 states, 1967

A for ages 23-34
) e =
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»oAce * Pop
Scate

Alasxa 2.482 1 $3.293 2048 0504
4mizona 1,358 £8 213,833 098 209C
Telorans 0700 133 221,203 SOt 3743
Sziawars 3,803 BN 72,440 N2 R 2540
Oist.cf Columbia 13,820 50 112,325 L0085 0872
litinots 123,149 545 1,383,854 o082 0880
Ingrana 34,226 333 §32,47 SOT3 0848
lowa 17,518 t73 314,783 2089 0557
Kentusky 2:.748 238 320.9%0 LON04 0597
Maine 7,288 84 108,710 elel:}:] 0664
Marylano 29.511 238 324,430 L o081 2583
Micnigan 35,352 573 1.082,.383 olel-3e: 2881
¥inmasata 33,218 213 455,283 L2088 o728
Missou- 3,384 52 450,324 ou7e 2208
Montana 3,497 38 79.873 L0183 L0563
New Jersey 51,525 327 862,639 L0532 0710
Nortn Caroitna 38, 80% RN 543,206 o7 0568
No~tn Dakqta 1,808 21 65,452 o ieas 0278
Onio 80,572 692 t.291.822 Dtrd L0469
Ok lanoma 17,158 212 292.468 L0124 0587
Cregor 21,801 143 254,577 Relery] 0856
Soutn Car2lina 12,653 218 325.23% L0108 o514
Soutn Daxoia 2,989 335 £7.072 L0154 Caas
Ltan 8,790 72 128.851 Neivrid 0678
Virginia 38,374 301 $15,347 Releks] o620
wisconsn 28,827 248 S8, 137 L0084 0383

Be. for ages 35-4&
Alaska 2,036 Hie) 38,021 L0489 0233
Aryzona 1,831 81 195,323 L0388 L0078
Coloraace 17,047 a5 255.824 [elol:ty L0657
Delaware KRR 20 35.522 Relol-p} 0473
Drst.of Columbia 7.838 29 84,574 0038 2898
Illinots 103,474 502 1,158,932 L0048 c883
Indrana 33,564 338 38I.38%9 Q07 o782
lowa 1T 45 130 235,885 ela: 0524
Kentucky 13,668 173 330,340 [eR o3 [oX 32~
Ma:ne %.288 k& 102,027 Ot22 Ccs78
Marytana 24,885 175 471,887 LACTO 03529
Michigan 835,471 215 1,002,322 0049 0853
Minnesota 25,37% 212 325,373 felet:Te} G272
Missour: 3,084 15¢ 508.814 L0296 0099
Montana 3,714 38 74.998 .D188 0495
New Jersey 59,079 243 879,421 SO0 2672
Norwn Carolina 27,0148 BRE} 535.087 [XEN] o RT3
Ne~th Dakota 1,433 23 51,188 Reri-n 0233
Onio 530 t.222.831 Q100 L0435



Graphical toel for comparing ratios
Table t. (Continued)
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Part 1
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line is the locus of points with the same value of z. The labels for the isoquants are on the right

side of the graph.

We construct an ellipse around the scatter of points, to cover about three-fourths of the
points in each panel. Appendix A presents the mechanics of the construction. The ellipse focuses

attention on the central cluster of points.

So two steps are involved in the graphical displays. One step is the construction of isoquants.
They enabie the display of a third ratio, along with the first two ratios. The other step is the
construction of ellipses, to outline the central cluster of points.
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Fig. 1. Scatter plot by y = (number of fatal accidents)/(total number of accidents) against x = (total

number of accidents)/(population in age group) in 26 states in 1967. The contour lines are - = y X

x = (number of fatal accidents)/(population in age group). (A) For ages 25-34. (B) For ages 35—-44.
(C) For ages 65 and over.

In addition to rendering broad patterns in the data, the plots readily identify outliers. For
example, we can identify three points as outliers in the y dimension in Panel A. Their labels
are Arizona, Missouri and North Dakota. When the same three states are distinct outliers in
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Fig. 1. Continued.

the other two panels, we wonder if the methods of collecting or reporting data are different
there than in the other states. If we were viewing only one dimension, for example the x
dimension in Panel C, we would not be able to label Arizona, Missouri and North Dakota as
outliers. The added dimension shows their deviation clearly.

Now that the ellipses have delineated the central points and outliers, we let the ellipses
alone show the progression of the age groups. Figure 2 displays the three ellipses together. All
the points are omitted, so the progression of the ellipses without the distraction of many dots
is visible.

The slopes of the ellipses for ages 25-34 and 35-44 are almost identical. The spread and
level in all three dimensions is about the same for both age groups. The ellipse for the drivers
65 and over is distinct from the other two ellipses. The oldest drivers fare worst in terms of
the v ratio, (number of fatal accidents)/(total number of accidents). They are decidedly better
than those in the other two age groups for the x ratio. They are a little better in terms of the =z
ratio. Perhaps their outcomes result from their being more careful drivers but more fragile when
they have an accident.

These conclusions are based on the progression of the ellipses. They may point toward a
slight increase in safety on the highways, because the number of older drivers is increasing
somewhat. The number of drivers over 65 years old increased from 5.4 million in 1958 to 13.7
million in 1980. Also the proportion of drivers in this age group to all drivers increased from
6.7% t0 9.4% between these years.

Next, we briefly compare our ratios and results with the ratios and results from other
studies in the literature. We then point out how the use of an isoquant plot with ellipses can
sharpen the conclusion of previous, and future, studies.

Comparison with other studies.

We reviewed the literature on accidents and the age of the drivers to find out what ratios
other studies used and how they answered the question to whether drivers over 65 are more
likely than drivers in other age groups to be involved in a traffic accident.

Appendix B provides a comprehensive bibliography to this literature. It classifies the ratios
and presents them in the classified format. We used both a computerized search, MEDLARSI
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Fig. 2. Ellipses for three age groups from Fig. 1 for 26 states in 1967. y = (number of fatal accidents)/
(number of accidents), x = (number of accidents)/(population in age group), z = (number of fatal
accidents)/ (population in age group).

data base of the National Interactive Retrieval Service, through the library of The University
of Michigan Medical School, as well as more conventional library resources. We concentrated
on articles about ageing and accidents that included statistics or data analysis.

Analysts use different criteria to measure risk of being involved in a traffic accident. Each
investigation derives an accident rate or ratio and compares this rate among drivers of several
age groups. The analysts arrive at different answers, depending upon which criterion is used.
Some analysts believe drivers over 65 have fewer accidents than drivers of other age groups.
Other analysts prove exactly the converse, and still others land somewhere in between.

Application of ellipses to other studies.

The diversity of the conclusions points to the need for further data analysis. Rather than
itemize the conclusions, article by article, we have chosen to illustrate how the isoquant plot
with ellipses can resolve ambiguities within studies and aid comparisons among studies. We
mention two applications of the ellipses to previous studies that would have sharpened their
results considerably. The data from the other articles are not sufficient to enable us to construct
ellipses and thereby compare their results with ours. However, we feel that the graphical
techniques we present are extremely important to be incorporated into future planning and
studies.

McFarland and O’Doherty {1952] present the relation between driver age and automobile
accidents using two different graphs. One is a plot of the ratio of number of drivers in accidents
to the number of licensed drivers versus driver age. The second graph plots the percent of
drivers involved in accidents judged ‘‘at fault’” versus driver age.

The McFarland and O’Doherty graphs bring to our attention an application of the isoquant
plots. We could look at the two ratios from their plots plus a third ratio, all on one graph. We
would use the relation:

# Drivers in Acc. % # Drivers at Fault  # Drivers at Fault
# Licensed Drivers # Drivers in Acc. # Licensed Drivers

(y X x = 2)

Points could represent age groups and successive plots various states, or vice versa.
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Fig. 3. Scatter plot of y = ({all fatal accidents)/(gallons of diesel fuel consumed) against x =
accidents involving drivers of combination vehicles)/ (all fatal accidents) in 48 states for all age groups
combined. The contour lines are z = y X x = (fatal accidents involving drivers of combination vehicles)/

{gallons of diesel fuel consumed). (A} For 1975. (B) For 1976. (C) For 1979.

(fatal
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Fig. 3. Continued.

For an article by Siebrecht er al. [1959] we note another potential use of the isoquant plots.
Their index is:

Accident-Violation Index = (Accident Ratio — 1/2 Violation Ratio) X 10
where

. i Number of Recorded Accidents s
Accident Ratio = - — X 107°
Annual Mileage X Years of Driving

L i Number of Recorded Violations .
Violation Ratio = - - 1077
Annual Mileage X Years of Driving

The isoquant plots can present both the accident and violation ratios, as well as a third
ratio (number of recorded accidents)/(number of recorded violations). The necessary equation
18

Number of Violations Number of Accidents
Annual Mileage X Years of Driving  Number of Violations

_ Number of Accidents
Annual Mileage X Years of Driving

(v X x = 2)

From the graph we can then ascertain the mathematical relation among the ratios. We can at
least confirm to ourselves that the data support the linear combination: = — (1/2)y that the
authors employ.

Example 2. Fatal accidents to drivers of combination vehicles.

The comments on the McFarland and O’Doherty and the Seibrecht et al. articles show that
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Fig. 4. Ellipses for three years from Fig. 3 for all age groups combined in 48 states. y = (all fatal
accidents)/(gallons of diesel fuel consumed), x = (fatal accidents involving drivers of combination
vehicles)/(all fatal accidents), z = (fatal accidents involving drivers of combination vehicles)/(gallons
of diesel fuel consumed).

only may formulate numerous combinations of ratios for accidents. The model is
y = blc, x = alb, z = alc y X x =z

where b and ¢ are variables representing measures of driving exposure such as driving distance
or number of licensed drivers.

By exploring different formulations, analysts do not have to rely on only one accident ratio
to make conclusions. Our second example emphasizes this idea. O’Day, et al. [1980] present
data for one accident ratio, labelled x = (fatal accidents involving drivers of combination
vehicles)/(all fatal accidents). This index gives two of the three parameters in the above model,
a and b, needed to apply the technique. They suggest another measure of driving exposure,
gallons of diesel fuel consumed, for each state and year from another data source. With the
third parameter, ¢, we formulate two new accident ratios, y = (all fatal accidents)/(gallons of
diesel fuel consumed) and z = (fatal accidents involving drivers of combination vehicles)/
{gallons of diesel fuel consumed). We plot the x and y ratios and view the z ratio in Panel A
of Fig. 3. We have three ratios to look at simultaneously, and thus more information to
characterize the accident history of combination vehicles.

Panels A through C of Fig. 3 show three of five ellipses for the accident experience of
combination vehicles (tractor-trailers) from 1975-79 in 48 states. In the first example an ellipse
was for an age group. Here, each ellipse represents a year. Again, we picture only three years
(1975, 1976, and 1979), because they show a trend that continues through other years, without
lengthening the example.

As in our first example, the ellipses tell about the behavior of the three accident ratios, x,
v, and z, and they point out differences among states and peculiar trends that may otherwise
go unnoticed. In Panels A through C of Fig. 3; states falling outside the ellipses are identified.
New York and New Hampshire are the only states that fall outside the ellipse for all five years.
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These states consistently exhibit high values for v. Indiana and Wyoming fall outside four of
the five ellipses (data not shown). They consistently exhibit large values for x. A few more
states fall outside the ellipses for more than one year. These outliers are in roughly the same
position relative to the other points in each panel.

We summarize changes in these accident ratios over the five-year period with the following
observations based on Fig. 4:

(1) The ratio of number of fatal accidents involving drivers of combination vehicles to
total number of fatal accidents (x ratio) increases;

(2) The y ratio, total number of fatal accidents to gallons of diesel fuel consumed, decreases;
and

(3) The : ratio, number of fatal accidents involving drivers of combination vehicles to
gallons of diesel fuel consumed, remains about the same.

Summary of graphical tool.

There are two parts to the graphical tool. One part is an isoguant plot, based on ratios,
and the other part is an ellipse. Appendix A gives a step-by-step explanation of how the ellipses
are constructed.

Isoquants allow the display of, not just one ratio, but three ratios on a single graph. This
helps the eye to make comparisons. The isoquants lay the foundation for drawing ellipses to
surmnmarize the data.

One ellipse allows a summary of three ratios for a single year or a single age group. The
tilt and spread of the ellipse describe the ratios for the central group of points. The ellipses
label points outside as outliers. Several ellipses on the same graph show how the ratios change
over time Or across age groups.
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APPENDIX A. CONSTRUCTING AN ELLIPSE

{A) Quline for constructing an ellipse

We present a general outline for drawing an ¢ilipse. We show how to determine the shape, the location, and the
size of an eflipse. Outliers do not disturb the method. In the first step we describe how to construct a preliminary line.
We need the preliminary line to serve as a guide for determining shape and location in the second step. In the last step
we fix the overall size of the ellipse. This outline shows the construction of the ellipse for the 26 states in Panel A of
Figure 1. (See also Stoto [1980}.)

Step 1. Construct the preliminary line (Fig. 5)

(a) Find the fourths for points ordered along the x-axis and draw a line at each fourth. Given 26 points in all, the
fourths are the 64th from either end.

(b) Find the fourths for points ordered along the y-axis and draw a line at ¢ach fourth,

(¢) Note which interquartile distance on the graph is greater. In Fig. 5, the x distance is greater. Then for points
ordered along the x axis find the median values for x and y within the upper and lower sets of points. (The fourths for
the axis whose interquartile distance is greater define upper (U) and lower (L).) Draw a line through these two points:
(xe,y) and {xy. o)

Step 2. Determine the shape and location of the ellipse (Fig. 6)

{a) Find the fourths for points ordered along the preliminary line and draw a line at each fourth.

(b} Find the fourths for points ordered along the perpendicular to the preliminary line and draw a line at each
fourth to complete the rectangle.

{c) Draw a point halfway between the lines at each fourth from Step 2{a) and halfway between the lines at each
fourth from Step 2(b). This point will be the center of the ellipse.
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Fig. 5. IMlustration of Step 1. {The small 2 near the lower end of the preliminary line indicates the
position of two points.}
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Fig. 6. Illustration of Step 2.

Step 3. Fix the size of the ellipse (Fig. 7)

{a) Measure the width and length of the rectangle in Step 2 and multiply each distance by two.

{b) Draw the new enlarged rectangle. The center of the enlarged rectangle will be the same as the center of the
rectangle in Step 2.

(c) Draw the ellipse inside this rectangle.

(B) Interpreting an ellipse

The horizontal extent and the vertical extent of an ellipse show the variability of x and y, respectively. The direction
of the major axis reveals any tendency for x and y to be related. The two variables are statistically independent if the
major axis is horizontal or vertical. They are positively related if the slope is positive, and negatively related if the
slope is negative. A close relation is implied if an ellipse that is tilted is also narrow.

(C) Comments on constructing an ellipse

|. Finding the Fourths. The outline for constructing an ellipse requires finding the fourths for sets of ordered
points. We refer the reader to Tukey [1977, pp. 29-39] or Mosteller and Tukey [1977, pp. 43-49] for illustrations of
finding the fourths and other summary values in a batch of data.

2. Scale Factor. The outline is useful for most sets of (x,v) points. For some applications, one can improve the
ellipse by modifying the outline slightly. One modification concerns the size of the ellipse. In Step 3 we multiply by
two both the width and the length of the rectangle in Step 2. We choose 2 scale factor of two because the resultant
ellipse summarizes the batch of points, as well as being sensitive o outliers.

An extremely large value for the scale factor illustrates how scaling is important. [f we choose a scale factor much
greater than two {e.g. four or five), the ellipse will surround every point. In this situation we preserve the orientation
of the ellipse, but we lose crucial information about outliers and the degree of relation between x and ¥. If we choose
3 scale factor much less than two (e.g. 1.5 or 1.3), again we know about the direction of the ellipse and possibly the
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Fig. 7. Hlustration of Step 3.
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relation between x and y. but we must label too many points as outliers. At either extreme, we lose accuracy of
interpretation about the behavior of the z ratio. for example.

Even a small change in the scale factor can significantly aiter how well the ellipse surrounds the points. For
instance, in our second example (Panels A-C of Fig. 3) we choose a scale factor of 2.3 for all sets of points. Employing
2.0 gives too small an ellipse, but 3.0 gives too large an zllipse. Because testing more than one scale factor is easily
accomplished, even by hand. we recommend starting with a scale factor of two and finding a factor that surrounds
about 75% of the points. An iterative program would be useful.

3. Location. A second modification of the general outline for constructing an ellipse concerns the location of the
ellipse. From Step 2(c) we observe that the center of the rectangle is the center of the ellipse. In very asymmetrical
sets of data, centering the ellipse in this way will not capture well the central points. For these situations, we recommend
another method to locate the center of the ellipse. First, we find the intersection of the median position of the points
ordered along the preliminary line with the median position of the points ordered along the perpendicular to this line.
This point becomes the center of the ellipse. The major axis will have the same slope.

Table 2. Summary of ratios* by year for measures of individual and group exposure

Author [Year Ratios* Consgidered

Allgaier (1965} fatal accidents
100,000 licensed drivers arrested/years of driving

all accidents
100 1icensed drivers/years of driving

percent of drivers involved in accgidents
percent of grivers arrested

Munders [ 19661 car driver casualties | casualty rate for age group i
100 miltlion miles driven casualty rate for all age groups

drivers involved in fatal and serious agcidents
10C million milas driven

drivers involved in all injury accidents

100 mitlicon miles driven

Burg {1867} aggidents

100,000 vehicle miles
Crancer [1967] percent of fatal accidents

percent of licensed drivers
Fimggilver [1969] percent of accidents

percent of drivers
waller and percent of accident trips
Reinfurt {1973]) percent of exposure trips
Bygren {1974] percent of drivers involved in fatal acgidents

percent of mileage driven

Folduary [1978] number of accidents

venhicle miles of travel, in miltlion miles
Luepker and number of fatal accidents
Smith [1978] poputation
Lauer [1952} accidents | accidents

100,000 miles 1icensees
Bureau of Public drivers involved in accidents
Roads Study [1959] 100 million vehicle mites of travel
McFartand and grivers in accidents, drivers adjudged "at faylt"
0'Donerty {19591} licensed drivers drivers involved in accidents
Siebrecht et al. {Accidgent Index - 1/2 Violation Index) 10
{1859}

number of recorded accidents
where: Accident Index = annual mileage « years of driving/ 100,000

number of recocrded viglations
violation Index = annual mileage « years of drivinrg/ 100,000

Swanson et al. driver fatalities. driver fatalities
{1959} driver licensees 100 mitlion miles vehicular travel
Ander (18611 number of car crashes
number of drivers
McFarland et al. aceidants, drivers, held to be at fault, inveolved {n accidents
{1963] licenseas drivers 1nvolved in accidents
Allgaier [1964] fatal accidents, all accidents

100,000 drivers 200 drivers

ticense withdrawals for fatal accidents
1,000,000 drivers

Kent and Novoiny percent of accidents
{19864} percent of drivers

*The numerators and denominators are both for specific age groups.
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Table 3. Summary of ratios by year for measures of paired exposure

Autnor {resr; Qaries fIngrierad
Thorpe [1354] Relativa accigent kel itmoag = T
27 -3
atere . 5 r oropariian oFf il deiver-vanisia compinaticn foyund n single-ven:zlie ascidents,
T 2 oroportion of Jth dravas-yenizle sombinatsian faynd in ol lision ancidents
Carr {1269} Freaguancy of ggeyrrance of ith category i 1hg responsinle pooulation

Fraguency of posurrence of jth category 1n the non-responsiola populatron

Hait {1970} Simitar o Carr {1959}

Yy T

Ty <o

The major and minor axes will still have the same initial length. as in Step 2(b), and the axes will still be subject to
a multiplicative factor in Step 3(a).

In this alternative method for centering the ellipse, the median along the preliminary line may not be halfway
between the fourths along the line. The distance between the fourths, the inter-quartile distance, is the length of an
axis. We can choose to center the axis on the median along the preliminary line and not to let the center remain at the
point halfway between the fourths. In this way, for asymmetrical data, the ellipse encloses the most dense group of
points, labeiling the others as outliers.

APPENDIX B. REVIEW OF LITERATURE ON AGEING AND
ACCIDENTS IN ARTICLES WITH STATISTICS AND
DATA ANALYSIS

This Appendix presents the results of a literature review to see what criteria other researchers used to answer the
question of older drivers’ involvement in traffic accidents.

Many analysts use data about both accidents and exposure to identify high-risk drivers. They divide the number
of reported accidents by the corresponding measure of exposure. We first discuss the meaning of driver exposure.
Then we classify the approaches highway-safety researchers take to analyzing data for accidents on the basis of which
measure of exposure they use.

Carroll [1971] proposes the following definition: **Driving exposure is the frequency of traffic events which create
a risk of accident.”” He calls measures of exposure that the driver controls, direct measures, for example, driving
distance, driving time, traffic volume on the road he chooses. We favor the more descriptive and more specific term:
individual exposure. He calls those that the driver does not control, indirect measures, for example, number of registered
vehicles, number of licensed drivers, gallons of gas consumed by all vehicles. We would choose the expression: group
exposure. In Fig. I, the denominator of x = (number of accidents)/{population in age group) s the population of
people in a given age group and state. It is a measure of group exposure. This ratio takes into account the unequal
proportions of licensed drivers that occur among states. Table 2 summarizes the ratios in the literature based on both
individual and group exposure. This table of ratios is particularly interesting because of the increased possibilities for
data analysis by isoquants it suggests.

The words “‘direct’” and *‘indirect’” have a different connotation in the statistical literature (see Mosteller and
Tukey {1977, Chapter 11]), so we think it is better not to use them in this context. Both types of exposure data can
serve as part of accident rates. The most commonly used measure of exposure is driving distance of one driver expressed
in miles travelled.

Either individual or group driving exposure comprises one approach of highway-safety researchers to analyzing
data for accidents and exposure. Another approach is to select a control population. The usual control population is
drivers deemed not to be responsible in a two-vehicle accident. The road conditions for the responsible and nonresponsible
driver are then quite similar. We divide the number of accidents “"caused” by drivers in a particular category by the
number of accidents not “‘caused’” by the drivers in that category. The literature refers to the numbers of nonresponsible
drivers involved in accidents as “'induced-exposure data’ (Thorpe [1964]; Car [1969]: Hall {1970]). This ratio requires
the assumption that there is a responsible and a non-responsible driver in every accident. We like the mnemonic title;
paired exposure.

Fewer investigators study the relation between traffic accidents and age of driver using paired-exposure data than
do those using individual and group-exposure data. Table 3 summarizes these ratios.



