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Statistical control techniques, analagous to those employed in industrial 
quality control, can be applied to the study and control of highway accidents. 
This paper presents the development of the appropriate statistical tech
niques, together with the results of a pilot application of these techniques 
to an actual highway situation. The results show strong promise that the 
application of this method can contribute substantially to the highway acci
dent problem. 

• THE purpose of this study* was to explore the possibilities of developing analytical 
instruments f o r application to highway accident control. In part icular , the a im was to 
f ind an effective set of techniques to assist in the identification and correction of factors 
in the design and operation of highway systems which may contribute to accident hazard. 

This study begins with an examination of techniques commonly employed f o r studying 
the problem of highway accidents. Some of the advantages as wel l as possible deficien
cies in these methods are reviewed. There follows a description of a proposed tech
nique which the authors believe can contribute effectively to accident control activities. 
The emphasis in this presentation is on the practical problems of applicatioa The un
derlying theoretical considerations are not treated in detail here but w i l l be given in a 
subsequent report. Finally, a pilot application of this technique to a i^ajor highway 
system is described. The procedures by which computations are made and results ob
tained and interpreted are illustrated. 

EXAMINATION OF CURRENT TECHNIQUES FOR THE STUDY OF ACCIDENTS 

Before describing the proposed techniques, i t would be useful to review in some de
t a i l the accident-investigation methods employed in current highway-safety administra
tion. I t is possible to classify these methods into a number of basic kinds which more 
or less complement each other. Some of these are dependent almost entirely on the 
juc^ment of the highway engineer or the safety investigator. The others depend on i n 
formation provided by accident records. In order to demonstrate the prospective role 
of the techniques to be described in this report, each of the current methods w i l l be 
described in some detail with illustrations of the practices which one observes. 

Application of Personal Judgment and Experience to Accident Situations Without the Use 
of Summary Data 

On-the-Scene Investigations. There can be l i t t l e question but that direct investigation 
of accidents immediately after they happen is one of the most-effective techniques f o r 
deriving information about accident causation. Such investigations are crucial in that 
they provide detailed insights into the particular combination of circumstances responsi
ble fo r certain types of accidents. Such investigations are suggestive in that the cause 
more often than not suggests the remedy, even though the remedy may be d i f f icu l t to 
apply. This procedure is weak only in the evaluation of the less-recognizable causative 
factors, which may contribute only slightly to any one accident but which may play a 

^This is a par t ia l report of a study being conducted by Dunlap and Associates, Inc . , un
der the sponsorship of the Commission on Accidental Trauma, Armed Forces Epidemi
ological Board, which was supported through a contract with the Office of The Surgeon 
General, Department of the Army . 
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contributory role in many accidents. It also makes dif f icul t the relative evaluation of a 
set of causes in the sense that i t may be too easy to blame an accident on such factors 
as drunken dr iving, high speed, carelessness, sleepiness, etc. , while overlooking the 
contribution of the road surface, design of a slight curve, etc. Effective as this inves
tigative procedure may be in the study of individual accidents, its main omission is that 
i t does not lead to an effective assessment of the overall accident picture. 

Intuitive and Logical Evaluation of Accident Hazards. This type of evaluation is one 
which attempts to anticipate accident causes on the basis of personal experience in d r i v 
ing situations and reasonable or reasoned evaluations of what one thinks w i l l reduce ac
cident rate. I t is founded on intuition, feeling, opinions, and other undescribable per
sonal quantities. For example, we have a l l had the experience of being blinded by the 
bright lights of an oncoming car and experienced the sensation of recognizing an almost-
obvious accident hazard. Another example is the current opinion that highways which 
are too straight and uninterrupted produce accident hazards by boredom. 

There can be no question, again, but that this is a valuable method of anticipating 
and forestall ing accident-producing situations. I t , too, is imperfect in the sense that i t 
is responsive mostly to the more-conspicuous factors associated with highway accidents 
and sometimes misleads us as to the relative importance of these factors. For example, 
there is some statistical evidence and considerable opinion which would tend to negate 
the importance of bright headlights as a major causative factor in highway accidents. 

Application of Accident Data to Investigation of Highway Accidents 

Comparisons between Highways. This is a common method of analysis, which at-
tempts to make judgments by comparing accidents or accident rates between situations 
(e. g . , state versus state, highway versus highway, etc . ) , usually using yearly data. 
I t has often been suspected that the principal vir tue of these comparisons resides in 
the fact that they result in a continuing pressure on safety engineers and highway off ic ia ls 
to keep their accidents down. This is certainly a healthy consequence. 

The obvious diff icul ty with a l l such comparisons is that the highways being compared 
d i f fe r in innumerable ways in addition to the one being investigated. For example, con
sider comparing southern versus northern roads, four-lane versus six-lane roads, 
heavily t raff icked versus lightly t raff icked roads, ru ra l versus urban roads, etc. Any 
groups of roads so compared necessarily d i f fe r in many obvious equally important ways. 
Because of this , i t is often easy to rationalize away an unfavorable comparison, and 
more often than not such rationalizations are justified. The result is that, while such 
comparisons are easily obtained and often published, no one trusts them or uses them. 

Another, less-intrinsic di f f icul ty , is that adequate data on exposure (car-miles) are 
not available f o r most roads. 

A s imilar dif f icul ty extends to the accident data themselves. The number of acci
dents reported of any category (except fatalities) depends markedly on definition (both 
the fo rma l definition and the intuitive definition of the police), on the energy of the po
l ice, on the value to the driver of reporting the accident, etc. 

These problems are present in a l l accident comparisons. Adequate data on exposure 
and uniform reporting of accidents are only obtained by great ef for t and planning long in 
advance of the collection of data. Accident-rate comparisons, which have a good chance 
of reflecting only the causal change being investigated, can only be obtained by extreme
ly thoughtful and careful selection of the units to be studied. 

However, the comparison between groups of highways involves these problems to an 
extreme d e g r ^ and, probably, to an intractable degree. Hence one goes to other meth
ods which offer some degree of control of the situation. 

Application of Internal Accident Data fo r Reducing Accidents on a Given Highway; 
Over -Al l Year-to-Year Evaluations. Historical comparisons represent one method f o r 
judging the effects of past safety programs. At best, they provide a real picture of the 
total effectiveness of the combination of the many changes and actions which may have 
taken place during the course of the year, e. g . , police ef for t , safety signs, etc. Un
fortunately, they cannot separate the effectiveness of individual measures. The greatest 
dificiency of the procedure lies in the diff icul ty of assigning meaning to positive or 
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negative changes. The reason f o r this can be best explained by recalling that there are 
many other factors over which the highway engineer has no control (often he cannot even 
measure them) which also change f r o m year to year. For example, the types of factors 
that can change and, in changing, can affect the accident picture, include variations in 
the experience and characteristics of the driver population; age, type, or performance 
of automobiles; t r a f f i c density; weather, scenery, or highway surface, and so on. The 
question of how much of the change in accident rate is a result of safety effor t and how 
much IS the result of changes in some of these uncontrollable elements is ignored. 

In addition to the diff icul ty of assigning reasons to any real changes assumed to have 
taken place in the accident picture, there is another kind of diff icul ty which is entirely 
interpretative. This is the problem of determining when the observed differences in 
accident rates reflect real underlying differences rather than }ust chance fluctuations. 
I t must be remembered that accident numbers or accident rates are subject to the i n 
fluence of a large amount of chance random fluctuation. That i s , even i f accident con
ditions remained identical, one would obtain noticeable differences in the observed ac
cident rates. To cope with the problem, one needs to compare differences in observed 
accident rates with some measure of the size of the fluctuation due to chance. This 
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Figure 1. Typical chart showing location of accidents along highway, 
must be done whenever we deal with observed data, and i t is particularly Important in 
interpreting accident data. 

Application of Internal Accident Data f o r Reducing Accidents on a Given Highway: 
Analysis of Accidents by Position Along the Highway. This is a potentially valuable ap
proach f o r supplementing the evaluation provided by the other methods of investigation 
described above. In one f o r m or another, i t is practiced by most highway administra
tions. I t is premised on the understanding that accident r isks are greater, perhaps 
much greater, at particular locations as compared to others and that, by identifying 
and studying tiiese high-risk accident locations, a general reduction can be brought a-
bout. While this is a sound objective, certain problems have been recognized in per
forming such analyses. 

For example, a common technique is to plot individual accidents on a detailed map 
of the highway. To determine f r o m this map those sections of a highway which have un
duly high accident rates, the observer has to perform the following mental functions: 
(1) He must correct f o r e^qiosure differences (e. g . , car-miles) f r o m section to section. 
(2) He must summate individual occurrences to obtain totals f o r the various sections of 
interest of the highway or the road. (3) He must intuitively see through the fog of the 
ever-present and large variation in accident occurrences which we call chance. 

An example of this approach to the evaluation of accident hazards along a highway is 
il lustrated in Figure 1. Although distorted geographically, this chart represents the 
plotting of actual accident data drawn f r o m the records of a major highway system. 
Each point represents a single accident and has been coded by direction. (In actual 
practice, such charts are also coded by day versus night, weather, etc. Any additional 
coding makes the mental functions described above harder to per form. ) Striking d i f f e r -
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ences in the concentration of accidents are evident in this chart, but the interpretation 
of these differences s t i l l requires knowledge of the accident exposure properties of the 
highway. Also, because of the large element of chance variation, i t appears di f f icul t 
to make positive interpretation of the differences. 

I t is probable that a capable safety engineer, with intensive experience on the par
ticular highway, can accomplish the three mental operations described above and obtain 
valuable information f r o m this chart. However, this w i l l necessarily require a great 
outlay of t ime, mental examination, and intuitive contemplation. 

In any case, a principal value of such a map presentation would be to refresh the 
mind of an experienced engineer as to where accidents occurred. There are surely 
other values, and the map presentation of individual accidents is a method worth re 
taining. 

We propose a precedure by which the above three analytical operations required fo r 
the interpretation of accident data can be accomplished in a rational and routine manner 
and by subordinate personnel under the direction of the safety engineer. This would 
have the advantage of leaving the engineer f ree to use his experience and judgment in 
the evaluation of the results of the proposed procedure and in other directions. In other 
words, we feel that any reduction in the area requiring the intuition and judgment of the 
safety engineer w i l l allow him to apply his judgment more effectively to the remaining 
areas. 

Proposed Techniques f o r Analyzing Accident Data 

The techniques described in this report are designed to establish an effective basis 
f o r studying the variation in accident r i sk along a highway. The procedure operates by: 
(1) cumulating accident data f o r large enough sections of the highway to be sensitive to 
reasonable changes in accident rate; (2) using an experienced accident rate based on . 
exposure (e. g . , accidents per car-mile) to reflect more properly any real differences 
in r i sk ; and (3) using a reasonable-allowed random fluctuation as a yardstick f o r deter
mining when an observed accident rate d i f fers enough f r o m other observed rates to be 
indicative of a real change in underlying accident probability. 

DEVELOPMENT OF PROPOSED PROCEDURE 

Background 

A methodological study of possible techniques f o r analyzing highway accidents ind i 
cated that the techniques used in what is commonly called "statistical quality control" 
appeared to f o r m an appropriate basis f r o m which to develop the desired tools. The 
virtues of these techniques can be summarized as follows: (1) they apply to a wide range 
of situations; (2) they allow almost a l l of the experience, intuition, judgment and know
ledge concerning a situation to be brought to bear in developing understanding and r e 
medial action; (3) they indicate what is happening and point to places f o r fur ther inves
tigation in such a way that experience and knowledge can be applied, rather than y ie ld
ing a mechanical or mathematical solution or explanation; and (4) the effects of the 
methods of data collection and measurement are made so apparent that i t is d i f f icu l t to 
avoid their consideration when drawing conclusions. 

Statistical quality control was developed as a method of dynamically controlling the 
quality of industrial production. For that reason most of its growth centered about the 
development of methods and concepts f o r finding out what was happening in an industrial 
process. The methods developed were quite successful in indicating when something 
went wrong and helped in finding what was wrong. Now highway accidents are not the 
result of a manufacturing process, and i t is almost meaningless to talk about the "qual
i ty" of accidents, or of their "con t ro l . " Hence, as can be expected, i t was found that, 
starting with the techniques currently used in statistical quality control, considerable 
additional theoretical and practical investigation was necessary to develop methods f o r 
the study of highway accidents. I t is believed that the methods developed w i l l be as use
f u l in indicating where situations resulting in excessive accident rates occur as the 
orignial techniques were when applied to industrial processes. 
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Prel iminary Problems 
Two important problems arose almost at the start of the investigation, problems 

that have almost no meaning in manufacturing processes. 
The f i r s t problem arose because, up to now, a l l statistical quality control dealt only 

with variation in t ime. For example, one sampled the output of the manufacturing p ro 
cess at some f ixed interval of t ime, say every 15 minutes, or every hour, etc. , i n 
spected the result and determined whether the result deviated more than should be ex
pected f r o m the inherent variabi l i ty of the process. One took samples on a r ig id t ime 
schedule and checked to determine whether the results were any different f r o m what 
should be expected f r o m a random time pattern. Note that, i f they were, the time at 
which they occurred would already be a help in locating the source of the deviation. 
Now there were exceptions to this example; sometimes one examined every hundredth 
item produced, and not a l l statistical-quality-control systems dealt with manufacturing 
processes. However, m essence, they a l l dealt with variation in t ime. 

For our purposes, accident variation in time seems to involve too-many possible 
causes which can be balanced out. In considering the application of these techniques to 
the study of the highway, we prefer , at least in i t ia l ly , to avoid study of the variation of 
accident rate with t ime. I t is known that there are marked yearly, seasonal, weather, 
and other t ime-related changes in environment as wel l as in characteristics of the 
dr iver population. These can be balanced out by making comparisons f o r the same 
period of time (e. g . , yearly rates) omitting bad weather accidents, etc. In any attempt 
to determine causation i t is desirable to l i m i t the possible causes to as small a class 
as possible. 

Af t e r considerable thought and discussion, we f inal ly decided that a more-valuable 
approach would be to study what might be called "variation in space. " That i s , one 
could take a highway and study the variation in accident rate along its length. As we 
saw i t , we would break up the length of a highway into a number of stretches or inter
vals and study the variation In accident rate f r o m stretch to stretch. Accident rates 
f o r a whole year would be used to balance out any seasonal characteristics. 

The second problem that arose was that of getting a unit of exposure. In manufac
turing applications we usually have, or can easily determine, clear-cut items. We can 
sample 10 pieces, observe the number of defects and compute the average number of 
defects per piece. But with accidents the unit of r isk or exposure is not at a l l clear. 
For example, should we consider accidents per car? Accidents per t r ip? Accidents 
per mile? Accidents per car-mile? Accidents as a function of the number of miles 
traveled since entering the highway? Accidents per some weighted function of car-
miles and density of cars? For a while, the last possibility was seriously considered, 
as i t was fe l t that, as density increased, accidents f i r s t increased proportionally to 
the square of the density, then reached a peak, and then dropped off as density was 
s t i l l fur ther increased. This possibility was rejected as being inappropriate f o r a pi lot 
study and the data seemed to show no need f o r this assumption. 

I t was decided that the proper unit of r i sk was the car -mi le , and accidents per car-
mile were investigated in the pilot study. This is no ha]:d-and-fast conclusion. The 
possibility that the wrong unit of r i sk is being used should always be kept i n mind when 
analyzing the data. If the unit used is inappropriate, our technique w i l l indicate i t . We 
also do not assume tliat car-miles w i l l always be appropriate. There w i l l always be 
situations in which a different unit of r i sk would be more suitable. For example, i f we 
studied the accidents that occur at the t o l l gates to cars in the t o l l l ine, i t is clear that 
accidents per car would probably be more appropriate. In such a case, number of ac
cidents per ca r -mi le is almost meaningless. 

Selection of a Highway to Study 

The next problem was to apply the ideas of quality control to a real situation. The 
highway selected was a major eastern throughway. The reasons f o r this particular 
choice w i l l be given below. 

For each highway interval under consideration, the quantity being studied is the num
ber of accidents per car -mi le . To obtain this ratio we need to know, f o r each highway 
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interval , the number of accidents and the number of car-miles in a year. Both quanti
ties are notoriously di f f icul t to obtain. Perhaps the most-important facotr in selecting 
the highway to be studied was that exact data on car-miles and excellent, uniform data 
on accidents were available. 

On most highways the car-miles traveled in a year on various segments can only be 
obtained by some sampling procedure whereby cars are counted at various times. This 
particular highway had a tol l-recording system which made the exact number of car-
miles traveled along various segments easy to obtain. (At this point i t is well to point 
out that i f the estimate of car-miles is obtained by a sampling procedure, i t is subject 
to sampling fluctuation; then, the techniques to be described here need to be amended 
to include this additional source of variat ion.) 

Since the techniques proposed in this study were designed to assist in the develop
ment of information about the changes in true accident r i sk along a highway resulting 
f r o m design, environmental, dr iver , and s imi lar differences, one other requirement 
was imposed m the selection of a highway f o r study. I t is important that there be a uni
f o r m system of accident reporting in order to avoid differences which are an art ifact of 
reporting as compared with differences of causal significance. The highway selected 
satisfied this requirement. It was excellently patrolled by a single police organization 
operating f r o m a control headquarters. Patrol off icers were believed to exercise a 
consistent standard of accident reporting. The safety department vigilantly exercised 
persistent pressure to keep the dif ini t ion of an "accident" (as compared with an " i n c i 
dent") constant. Immobilized automobiles could not escape police attention by being re 
moved through local repair service. 

Another reason f o r selecting this particular highway was the essential uniformity of 
driving conditions f r o m one end of the road to the other. There are no sharp curves, 
bottlenecks, congested intersections with other highways or other highway conditions 
which we would expect to lead to local changes in accident rate. This is extremely de
sirable fo r pilot application. If a road has some portions with accident rates markedly 
different f r o m those of other portions, almost any technique w i l l detect these sections, 
and we cannot t e l l much about the sensitivity and properties of a technique by applying 
i t to such a road. In addition, we wished to avoid as many extraneous problems as pos
sible while developing a new technique. 
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Figure 2. Accident rates p l o t t e d by loca t ion along highway. 
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Quality-Control Method Applied to Accidents 
At this point, let us summarize our ideas on the application of quality-control con

cepts to accidents on a road. F i rs t we divide the road into a number of intervals. For 
each highway interval we determine the number of accidents that occurred there and 
the number of car-miles traveled there during the year. The ratio of the two is the ob
served accident rate in accidents per car -mi le f o r that interval. These rates are then 
plotted on a chart. 

A chart of this kind is shown in Figure 2. Examination of this chart gives one the 
feeling of a great deal of variation in observed accident rates with location. One cannot 
help but feel also that a large portion of this is due to random variation, commonly 
called " luck ." 

In order to interpret these data, i t is necessary to determine how much fluctuation 
w i l l occur naturally, i . e., randomly. Accordingly, we also plot, f o r each highway i n 
terval , the expected accident rate and an upper and lower probability l i m i t . A typical 
such plot is shown in Figure 3 (a slightly different set of road intervals was used). 

The l imi t s are such that, by chance alone, the probability of an accident rate fa l l ing 
outside the l imi t s is small . We are using 1-percent l imi t s (0. 5 percent probability of 
fa l l ing above the upper l i m i t and 0. 5 percent probability of fa l l ing below the lower l i m i t ) , 
but l imi t s f o r other percentages are possible and may be computed easily. 

Accident rates which l ie outside these l imi ts are assumed to be the result of s ign i f i 
cant changes in the underlying accident structure. To determine causes, i t is clear 
that the proper selection of the highway intervals is crucial . Obviously, one prefers 
intervals as small as possible, yet the smaller the interval, the less sensitive we are 
to changes in underlying accident rate. 

For example, between Points 16 and 17, northbound, a 1-mile stretch, we f ind an 
expectation of 2 .1 accidents (based on the overall accident rate f o r the entire highway 
and the known number of car-miles traveled between these points). Obviously, if we 
had observed zero, one, two, three, four , f ive , or six accidents in the year, this could 
hardly indicate anything but random deviation f r o m the ejqiectation of 2.1 accidents. 
Yet this allowable variation is f r o m zero to three times the ejqpectation, and hence, the 
allowable variation in observed accident rates would be at least f r o m zero to three 
times the expectation. Now a 100-percent increase in true accident rate is obviously 
something any satisfactory technique should detect, and hence, the 1-mile northbound 
stretch between Points 16 and 17 is much too small f o r satisfactory sensitivity. 

On the other hand, we obtain the greatest sensitivity i f we take the largest possible 
interval , that i s , the entire road. But then, obviously, we could not possibly determine 
local causes. Balancing the two, after considerable thought, we came to the conclusion 
that the road intervals should be such as to obtain an expectation of between 14 and 25 
accidents. This i s , of course, quite approximate and, as we shall see, other considera
tions may be overriding, part icularly those dealing with homogeneity of the intervals. 

Determination and Selection of Population to be Profitably Studied 

Much of the success of any investigation depends on proper selection of the data to be 
studied, and this is also true of our techniques. An admittedly intuitive, but neverthe
less destinct, conceptual picture of what is being studied must be formed. In our pilot 
study, f o r example, one of our internal mental pictures was that of the highway proper. 
Hence, exposure and accidents that occurred in parking areas, access roads, accelera
tion and deceleration lanes, at the to l l gates, etc. , were omitted. To avoid studying 
merely the distribution of snow, ice, and fog along the highway, accidents under these 
conditions were omitted, whether or not the weather was a contributing factor. Another 
reason they were omitted was that i t was known that many such accidents were not re 
ported. Unfortunately, we could not omit the e^Qiosure, as we did not know the car-
miles traveled in such weather. However, we fe l t that these car-miles were a small 
enough proportion of the total to introduce a negligible error . Notice that we could not 
conveniently go to the enticing concept of "accidents in good weather" and, hence, omit 
accidents in rain, as the car-miles traveled in rain were not fe l t to be negligible, and 
we had no data on them. 
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Computation of the "Control L i m i t s " and the Statistical Theory Underlying Such Compu
tation 

Underlying Statistical Theory. Let us start with about the simplest, most-naive 
structure we can imagine. We assume that each car-mile is a sort of discrete entity 
and that the probability of an accident is the same f o r each car-mile . We also assume 
that the car-miles are statistically independent. Starting with this structure we can 
then let 

m = number of car-miles observed. 
X = probability of an accident in a car-mile . 

P(x) = probability of exactly "x" accidents occurring in m car-miles . 

Then, i t is wel l known that 

PW = (^ . , 7 . ' ( , ) . X X ( i - x ) m - x (1) 
It is also known that, when \ is small and m is large so that Xm is in between, a 

good approximation to P(x) is 
eXni(Xm)'' P(x) i n (2) 

Now f o r the highway studied, the number of car-miles traveled during the year of 
study was 766 mi l l ion , during which 537 accidents of the nature we are considering oc
curred. This gives an accident rate of 0. 701 accidents per mil l ion car-miles . 

For this value of X and fo r the range of m we shall use, the approximation obtained 
by using Equation 2 f o r Equation 1 is fantastically good. The e r ro r made is of the o r 
der of one part m 300,000 or less. 

Note that a l l that enters in Equation 2 is the number of accidents and the product Xm. 
Now Xm can be interpreted as the expected number of accidents in m car-miles , and 
we f ind i t convenient to give this concept the symbol "a. " That is , we define 

a = Xm = expected number of accidents in m car-miles. 

In terms of a, we can rewrite Equation 2 as 

P(x) = - ^ ^ (3) 
This equation describes what is commonly called the "Poisson probability dis t r ibu

t i o n , " and constantly appears in t r a f f i c studies. Very simply, i t describes the proba
bi l i ty that any given number of accidents w i l l occur in terms of this number and a quan
ti ty which IS called the expected number of accidents. 

And so, given our assumptions, we see that everything has reduced very nicely and 
we have expressed the probability of x accidents occurring in terms of x and the expec
ted number of accidents, a. 

The probability distribution given by Equation 3 is a better approximation to the real 
situation than our underlying assumptions would imply. For example, i t is easy to be
come uncomfortable about the assumption that the individual car-miles are statistically 
independent. Could i t not be that, i f we consider any car-mi le in which an accident has 
just occurred, the probability of an accident's having occurred to this car is higher than 
usual in the previous mile and lower than usual in the next mile? It could, but i t can be 
shown that the effect is small . 

Similar ly, we could assume that the basic statistically independent unit is 1,000 car-
miles, or the individual t r i p , or that the basic accident rate varies f r o m point to point 
along a t r i p , or f r o m t r i p to t r ip . A l l we really need to assume is that some conglom
eration of t r ips is independent. A l l such assumptions lead to Equation 3, although the 
er ror may be considerably less than one part in 300,000. 

Hence, we come back even more strongly to the statement that, under any of the c i r 
cumstances we shall consider, the probability of x accidents w i l l be given by the Poisson 
distribution. The correct distribution f o r any road segment w i l l be described by some 
number, a, the ejqiected number of accidents which may di f fer f r o m segment to segment. 
Of course, a is never known and we shall always have to be satisfied with an estimate 
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of the expectation obtained by making various assumptions. But the point is that a l l ef
fects and phenomena come into our data only through the unknown expectation and i t w i l l 
be sufficient to describe and study our techniques in terms of the sensitivity to changes 
in the underlying a. We need not otherwise consider the effect on the distribution of 
accidents. 

Computation of "Control L i m i t s . " The basic idea underlying the computation of con
t r o l l imi t s is as follows: We f i r s t determine in some fashion an estimate of a, the ex
pected number of accidents. Assuming that this a is correct, we then want an upper 
and lower l i m i t , U and L , such that 

Probability (X ̂  U) = 0.005 
Probability (X ^ L) = 0.005 

where X is the observed number of accidents. 
We can compute these l imi t s in a number of ways. The basic way, which really un

derlies a l l other, is simply to use a table of the Poisson distribution. The most satis
factory such table currently available is: Molina, E. C. , "Poisson's Experimental B i 
nomial L imi t . " New York: D. Van Nostrand and Company, 1942. From this table we 
can obtain upper and lower l imi t s on number of accidents. Dividing these by the num
ber of car-miles , m, we obtain the upper and lower l imi t s f o r the observed accident 
rate. We plot f o r each road interval considered: (1) the observed accident rate (num
ber of accidents divided by the car-miles) , (2) and (3) upper and lower l imi t s on acci
dent rate, and (4) the central value which is the assumed accident rate X. 

To obtain l imi t s in this manner f r o m Molina's Tables, we need to per form a double 
interpolation (for a and f o r x) f o r each road interval, and the work is tedious. An ex
cellent approximation to the resulting l imi t s has been obtained which is simpler to apply. 
It is 

Upper l i m i t on accident rate = \ + 2. 576VX/m + + ^ m (4) 

Lower l i m i t on accident rate = X - 2. 576Vx7m + ̂ ^ ^ - ^ - ,y m (5) 
m £ 

In these equations, the f i r s t two terms are what we obtain by approximating the 
Poisson distribution by a so-called normal distribution; the th i rd t e rm is a correction 
to the normal approximation; the last t e rm arises because we can only observe integer 
numbers of accidents. 

Statistical Aspects Underlying Size of Road Interval. The control chart l imi t s are 
based on assumed values f o r the accident rate. If the true accident rate is as assumed, 
the probability of observing a point out of control is one percent. Under these condi
tions we w i l l f ind out-of-control observations very infrequently, one in 100 points to be 
exact, and so, i f things are as we assume, we w i l l not look f o r trouble very often. 

However, suppose that the true accident rate is different f r o m what we have assumed. 
Then we know that the probability of observing a point out of control is larger than one 
percent. Unfortunately, this do^s not do us much good unless the probability is con
siderably larger than 1 percent. Here we see that the size of the road interval or , more 
exactly, the number of car-miles is important. If the expected number of accidents is 
small , we just w i l l not be sensitive to changes in accident rate. We must take large 
enoi^h road intervals so that the sensitivity of the control chart is adequate. 

If we take as a sort of minimum condition that we should catch a doubling in accident 
rate a reasonable amount of t ime, we can compute the following. If we wish the proba
bi l i ty of being out of control to be larger than 50 percent when the true accident rate is 
more than twice the assumed rate (that is , more than 100 percent larger) , then we must 
take a stretch of road such that the assumed expected number of accidents is larger 
than 8.21 accidents. 

Further such points can also be obtained. For example, i t can be shown that i f a = 
10 accidents, we w i l l detect an increase of 90 percent in accident rate with 50 percent 
probability. If a = 14 accidents, we w i l l detect an increase of 75 percent with 50 per
cent probability. If a = 25 accidents, we w i l l detect an increase of 55 percent in acci
dent rate 50 percent of the t ime. A description of the method of calculating these points 
w i l l be given in a forthcoming technical report. 



26 

Now the selection of the proper highway intervals involves many factors, summa
rized by the concept of breaking the highway up into rational subgroups. But, crudely, 
we have the conflicting pressures of, on the one hand, desiring as many road intervals 
as possible so that we can locate causes of trouble and, on the other hand, wanting each 
interval to be as large as possible so that we can better detect real changes in accident 
rate. 

From the above discussion i t is clear that road intervals which have an e:^ected 
number of accidents of less than eight are inadequate and that we prefer road intervals 
with expectations of between 14 and 25 accidents. 

PILOT APPLICATION OF TECHNIQUES TO A HIGHWAY SITUATION 

Let us now continue to explain the application of the techniques previously described. 
Ful l details containing a l l relevant data together with sample computations and a f u l l 
description of the underlying theory w i l l be presented in a future technical report. 

Selection of Road Intervals 

An obvious way of proceeding would be to select the intervals between access points 
as our road intervals and to plot the accident rate fo r each interval with appropriate 
control l imi t s . 

However, the intervals between road points d i f fe r greatly in the number of car-miles 
of e:q)osure. Some are so small as to be insensitive to a l l but large changes in the ac
cident rate. Others are so large both in car-miles and actual length as to make trouble 
shooting di f f icul t . If these large intervals go out of control, i t would be d i f f icu l t to l o 
calize the trouble. A compromise is necessary. 

Intervals 10-11, 14-15, 16-17, and 17-18 are too short and so are combined with 
adjacent intervals. Intervals 7-8 and 8-9 are too large, and so the two halves of each 
of these intervals are plotted separately f o r control purposes. 

Plotting the accident rates f o r these new and preferable intervals and drawing the 
corresponding control l imi t s , we obtain Figure 3. This is the type of chart we recom-
mendfor overall practice. 

Description of the Computation of the Control Chart 

We now plan to describe the computation of this control chart and then to discuss i ts 
usage and il lustrate the insight i t gives into the highway. 

The basic data f o r the preferred road intervals give, f o r each road interval during 
the year studied, the number of car-miles traveled northbound and southbound, the 
number of accidents observed, and the observed accident rates in accidents per lO'' car-
miles. These accident rates are plotted in Figure 3. 

The l imi t s on this chart are computed using an overall accident rate of 

^=T^-Sh^='^•007x10-^ accidents 
per car-mile . 

X is computed by dividing the total number of accidents (537) by the total number of 
car-miles (76. 64 x lO''). 

Substituting this value of X in Equations 4 and 5, described earlier, we obtain (m is 
in units of 10,000,000 car-miles) . 

upper l i m i t = 7. 01 . Mii ^ 0i829 ^ _ 1 _ 
2m 

Lower l i m i t = 7 . 0 1 - M 1 9 . M 2 9 . J _ 
Vm ^ 2m 

Note that we have made the simplif ication of giving only one set of l imi t s for each 
road interval. Actually, slightly different l imi t s are calculable northbound and south
bound. The reason we replace the two l imi t s by their average is simply that, fo r the 
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w i t h Figure 3. Q i n t r o l chart f o r accident rates by highway l oca t i on , 
northbound and southbound rates p l o t t e d separately. 

highway that we studied, the two l imi t s turned out to be very close together f o r a l l our 
road intervals. (H they were not, separate l imi ts should have been calculated.) The 
largest difference between the northbound and the southbound l imi t s occurs between 
Points 9 and 11, and separate l imi t s are plotted f o r this interval on Figure 3 to show 
the magnitude of the maximum er ror involved. 

Results, Interpretation, and Three Other Control Charts 

Now let us examine the control chart f o r accident rates as drawn in Figure 3. A l 
though we w i l l describe three other charts that i l lustrate possible alternatives and re 
finements, a l l the conclusions obtainable can be gotten f r o m this basic chart. 

F i r s t Impression. Our f i r s t impression was that the results are remarkably w e l l -
behaved. Af t e r a l l , the l imi t s are based on one lumped overall accident rate X, and 
we really had expected the \ 's to d i f fer considerably. If the underlying accident rates 
do di f fer appreciably f r o m one road interval to the next, many of the observed accident 
rates w i l l be out of con t ro l . ' 

In fact, in anticipation of such an eventuality, a technique was prepared using mean 
square successive differences between accident rates to estimate the despersion of the 
underlying true accident rates Xj . The were then considered to be a random sample 
f r o m a population of such rates and appropriate control l imi ts drawn which would detect 
improbable deviations in accident rate. This technique w i l l be described in a later re
port as i t may be desirable f o r the more usual highway. 

I t is clear f r o m Figure 3 that such is not the case. Seven out of 30 points are out of 
control. Some of these w i l l no doubt be the result of known effects that we can do noth
ing about. The residual, however, gives us heart that the cause of their deviation in 

When this happens in industry, shrewd quality control men usually feel that large i m 
provements can be obtained readily at l i t t l e cost as putting trouble shooting effor t a l 
most anywhere w i l l pay off. However, if i t happens on a highway, we feel that the or 
dinary control chart might be of dubious value. Aside f r o m perhaps pointing out the 
largest deviations, l i t t l e help would be given to present ongoing efforts by highway per
sonnel to determine accident causation and to reduce accident rates, although i t would 
indicate that reductions in accident rates are possible. 
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accident rate can be made known by diligent investigation, and we hope that corrective 
action will be possible in most. 

Most Noticeably "Out-of-Control" Accident Rate. We have no mitigating explana
tions for the extreme out-of-control nature of the accident rates, both northbound and 
southbound, between Points 3 and 4. We feel that this is a situation which can be most 
profitably investigated. 

Control Chart Comparing Two Portions of the Highway, Six Lanes versus Four Lanes. 
The highway has one more lane in each direction between Points 11 and 16 than on all 
other portions of the road. There has always been a feeling that this section has a dif
ferent accident rate from that of the rest, but it has been difficult to say whether it is 
higher or lower. The control chart clearly indicates that this section has a signifi
cantly lower accident rate than the rest of the highway. This result is also compatible 
with the assumption that higher car density produces lower accident rates, as the extra-
lane sections ha\̂ e densities varying from 13,700 to 14,600 cars per day, while the 
standard lane sections vary from 5,800 to 10,800 cars per day. Unfortunately, we then 
also need to assume that, below 10,800 cars per day, the accident rate does not notice
ably change with car density. We prefer to assume that the source of the change is the 
number of lanes, but this cannot be considered as more than a guess without further 
investigation. 

Recomputing, we find an overall accident rate of 7. 58 accidents per 10'' car-miles 
for the standard lane section, and a rate of 5. 57 accidents per 10'' car-miles for the 
extra-lane section. The difference is statistically significant at the one percent level. 

Separate control limits for the two sections based on the two accident rates of 7. 58 
and 5. 57, respectively, were computed and the results plotted in Figure 4. The differ
ence between the two sections is now clearer. 

Figure 4 is also an excellent illustration of the technique of adjustment when we wish 
to include imformation on known differences in accident rates. 

End Effects on the Highway and the Control Chart for Observed Differences in Acci 
dent Rates. Looking at Figure 4, we see points that are out of control at Intervals 1-2, 
15-16, and 16-18. From the point of view of the highway, these are the road intervals 
from or to which large-scale entering and leaving occurs. Looking at the chart, we 
note that these intervals are also characterized by having large differences between 
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Figure 4. Control chart for accident rates by highway location, with 
rates for four- and s ix- lane highway sections plotted separately. 
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Figures . Control chart for differences between northbound and south
bound accident rates . The differences plotted are for southbound 

minus northbound. 
their northbound and southbound accident rates. To verify this, Figure 5, a control 
chart for the difference, southbound minus northbound accident rates, was prepared. ' 
The differences for Intervals 1-2 and 15-16 are out of control, although admittedly the 
latter is barely out. Al l other differences lie within the control limits. Hence, we as
sume the difference is real at the two ends. (The accompanying assumption that the 
northbound and southbound rates are the same elsewhere and its implications are dis
cussed in a later paragraph.) This conclusion would not be changed if we computed 
limits separately for the standard and extra lane portions of the highway. 

The e:q>lanations of this phenomenon are fairly obvious to anyone who has driven long 
distances on this particular highway. Coming in at the upper or lower end from adja
cent feeder roads, one tends at first to drive carefully and perhaps more slowly. 
Hence, the out-of-control accident rates on the low side of cars just entering at Points 
1, 17, and 18. 

As one drives to the other end, one is definitely lulled into a false sense of security 
concerning the nature of the effort required to control one's car. Hence the out-of-
control accident rate for cars about to leave at Point 16 in Figure 4 and the high (but in 
control) accident rate for cars about to leave at Point 1. 

This conclusion is also borne out by the known data concerning accidents at the toll 
booths and the entry and exit areas which were omitted from the control chart as not 
having occurred on the highway. During the year studied, there were 74 such accidents. 
Of these, 50 occurred to cars on line at the exit toll booths, three occurred to cars on 
line at the entrance toll booths, 14 occurred in the exit area while leaving and seven 
occurred while entering. 

Of the 50 accidents that occurred to cars on line at the exit toll booths, 44 accidents 
or 88 percent occurred at Points 1, 16, and 18. Yet only 39. 7 percent of the cars left 
at these points. At the 26 other possible points of exit, only six accidents or 12 per
cent of such accidents occurred, yet 60. 3 percent of the cars used such exits. This 
clearly indicates the effect of long trips, and'strongly suggests the desirability of some 
study or control chartanalysisof the accident rate as a function of the distance traveled 
since entering the highway. 

^A description of the underlying theory together with the resulting computation procedure 
for preparii^ control charts of differences between observed accident rates will be given 
in a subsequent technical report. 
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One conclusion is that the effect, indicated by the plethora of toll-gate accidents in 
which exiting cars ]ust do not stop, extends back quite a way. For example, the out-of-
control northbound accidents between Points 15-16 are uniformly scattered throughout 
the interval. This would appear to mean that sleepiness, overconfidence, oversecurity 
or whatever is producing the toll gate accidents, is also acting for quite a way back on 
the highway and does raise the accident rate. 

Interpretation of Other Points Out of Control. There are four other points out of 
control in Figure 3. These are in Intervals 4-5, 1-1%, S-SVz, and 11-12. The last 
disappears when we separate the four-lane from six-lane sections on Figure 4 and, 
hence, can be taken to indicate that the accident rate for the six-lane portion is lower. 
The S-SVz point seems real and must surely be investigated. The other two also war
rant investigation. 

Control Chart for Combined Northbound Plus Southbound Accident Rates. Since F ig -
ure 5 indicates that accident rates southbound do not differ from the northbound rates, 
except at the ends of the highway, it is reasonable to combine the two observed accident 
rates for each interval, so doubling the expected number of accidents in each interval 
and greatly increasing the sensitivity. This was done and Figure 6 is the result. Note 
that the limits are narrower by a factor of about The computational techniques for 
obtaining the limits are the same as those for Figures 3 and 4 and for any control chart 
of accident rates. 

Looking at this chart we see how far out of control the data for Interval 3-4 are, 
with 8-872 also being out of control. Interval 4-5 is now only slightly out and 7-772 has 
come in. If, as we should, we compute limits for the four- and six-lane sections sep
arately, 4-5 will come into control and 7-772 will go out. The accident situation at 3-4, 
8-872, 4-5, and 7-772 will all profitably bear looking into. 

Note that this chart is considerably more sensitive than the control charts for indi
vidual rates given as Figures 3 and 4. This is indicated by the narrower limits. We 
can use this increased sensitivity as it stands or, if we are satisfied with the sensitivity 
of Figures 3 and 4, we could use shorter intervals on the highway. The shorter inter
vals will improve our ability to localize the causes of differences in accident rates. 
However, the combined chart does mask the effects of causes which affect northbound 
and wouthbound accident rates differently. 
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SUMMARY 

In this paper, we have reported on the development of a technique for studying high
way accidents with the aim of obtaining information about the variation in accident risk 
along a highway. The method which was employed was a modification of the statistical 
quality control technique which has gained wide acceptance and application in industry. 

We have endeavored to present some of the problems which were found to exist in 
selecting a highway for study and in interpreting the accident data which highway situa
tions usually produce. The underlying theory was reviewed briefly, and the computa
tional procedures inherent in statistical control chart analysis were described. 

Results were presented on the application of this proposed technique to a specific 
highway situation. These results, which consisted essentially of a set of accident con
trol charts, suggested some interesting locations along the road which are desiring of 
some detailed investigation. It is felt that investigations which are motivated by care
ful analysis of this kind can contribute substantially to accident reduction. 
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