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Subsequent to a study concerning causation factors in one-car 
accidents an approach has been developed which proposes a 
general mathematical expression of the interrelationship of 
the three major factors involved in every accident, namely, 
the driver , the highway and the vehicle. The methodology of 
data collection developed and utilized in the previous study is 
suggested as a means of amassing sufficient data to permit 
the correlations necessary to evaluate the constants and ex
press the variables in the proposed equation. 

If experimental data ve r i fy the proposed concept, a means 
of predicting accident probability would be at hand. Testing 
methods and devices could then be developed to predict acci
dent probability f o r individual drivers . The mathematical 
expression would also be valuable f o r estimating the poten
t i a l effect of highway improvements on accident probability. 

A method of classifying dr iver characteristics, which 
are factors of accident causation, to enable an intelligent es
timate of the cost and effect of correction programs is pro
posed. The ultimate objective of any comprehensive research 
in highway safety should be directed toward developing the 
requisite knowledge to accomplish the maximum effect with 
the funds available f o r any recommended corrective program. 

The potential of a study based on the concept and method
ology proposed here just if ies the recommendation that such a 
project should be inaugurated and pursued to the ultimate end. 

• THE CIVIL ENGINEERING Research Group of the Engineering Experiment Station 
at Ohio State University has been engaged in studies i n the f i e l d of one-car accidents 
during the past three years. The data collection and in i t i a l analyses were sponsored 
by the Ohio Department of Highway Safety. The presentation of data and the discus
sions of findings of previous analyses were contained in reports (1, 2, 5) published 
by the Engineering Experiment Station and theses (3, 4) by staff members of the Sta
tion. A summary of the f ina l report (5) was published as a non-technical version en
ti t led "Highways or Dieways?", Circular 59 (6) of the O. S. U. Engineering Experiment 
Station. 

The present study is sponsored by a supplemental grant f r o m the Station. Robert 
F. Baker, Associate Professor of C iv i l Engineering, is project supervisor and Emmett 
H. Karrer , Professor of Highway Engineering, i s consultant. Richard W. Bletzacker, 
Research Associate i s the principal investigator, and Thomas G. Brittenham, Research 
Associate, is the sociological consultant. 

BACKGROUND 

The basic philosophy of the study is that a l l one-car accidents are the result of the 
fa i lure of the dr iver to exercise proper judgment. The factors which affect the dr iver ' s 
ability to exercise proper judgment are the combined characteristics of the driver , the 
highway, and the vehicle. The accidents caused by "acts of God" would necessarily be 
excluded f r o m consideration, because they could be considered unavoidable. These 
accidents would include such conditions as: trees blown down immediately in f ront of 
or upon a moving vehicle; broken steering mechanism or faulty brakes on a new vehicle; 
and pavement "blow-ups" f r i g i d pavement expansion fai lures) that occur simultaneously 
with the approach of the vehicle. 
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If the basic concept can be accepted, the following corollaries may be developed: 
(1) the perfect dr iver on the perfect highway w i l l not have an accident; (2) the perfect 
dr iver on the imperfect highway w i l l not have an accident; (3) the imperfect dr iver on 
the perfect highway may have an accident; and (4) the imperfect dr iver on the imperfect 
highway may have an accident. The te rm perfect driver as used here is defined as a 
dr iver who is exercising the proper judgment required to cope with any driving situa
tion. The term imperfect driver is defined as a dr iver who at a given instant fa i ls to 
exercise the proper judgment required to cope with the driving situation. The perfect 
highway is defined as a roadway which does not present any unsafe characteristics 
with which drivers must cope. The imperfect highway is a roadway which does present 
unsafe characteristics. 

The basic concept and the four corrol lar ies , as applied to one-car accidents, may be 
expressed in the general mathematical expression: 

a = xy (1) 

in which 

a = dr iver judgment 
X = evaluation of dr iver characteristics 
y = evaluation of highway and vehicle characteristics 
n = a constant that reflects the relative importance of the highway and vehicle. 
Dr ive r ' s judgment, as used here, is defined as that collection of dr iver actions 

which are the result of his evaluation of proper driving procedures required to cope 
with any driving situation. The quantitative evaluations of x and y must result in va l 
ues between the l imi t s of zero and one f o r the mechanics of the equation to fol low the 
proposed concept. 

OBJECTIVES 

The objective of the study is to develop fur ther a method of evaluating the interrela
tionship of the major variables involved in highway accidents, namely, the driver, the 
highway, and the vehicle. I t is fur ther proposed that with this technique an index of 
accident probability of an individual dr iver could be developed. 

PROCEDURES 

Eq. 1 is an attempt to express the interrelationship of the three major variables and 
their combined effect on driver judgment. The exact f o r m of the expression and the 
evaluation of the constant n must be developed f r o m and based on experimental data. 

The data available f r o m the previous studies included 183 one-car accidents, f o r 
which a dr iver interview was conducted, as well as an investigation of the highway 
characteristics at the accident location. The previous study was not specifically de
signed to yield the information necessary to make the evaluation proposed herein and, 
therefore, a rather subjective study of the data and subsequent evaluation were neces
sary. In order to i l lustrate the methodology of developing the interrelationship of the 
major variables, an analysis of each of the 183 one-car accidents was made by evalu
ating the dr iver characteristics and the highway characteristics. 

The dr iver interview schedule contained over 80 questions, but, fo r the purpose of 
this study, only 27 were considered pertinent. Of interest here are only those factors 
which effect a negative or subtractive influence on the dr iver ' s ability to cope with the 
driving situation faced at the time of the accident. The data shown in Table 1 were 
classified as physiological, psychological, t r i p data, dr iver training and experience, 
and dr iver action, opinion, and attitude. Although the opinion and attitude information 
could not be shown to have contributed directly to the accident i t was particulary use
f u l and often significant as corroborating material . 

In order to assess the influence of each negative dr iver characteristic, the following 
qualitative terms were used: (1) pr imary factor, (2) secondary factor, and (3) ter t iary 
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TABLE 1 
CLASSIFICATION OF NEGATIVE DRIVER CHARACTERISTICS 

I . Physical Characteristics 
A. Age 
B. Amount of sleep p r io r to t r i p 
C. Alertness on t r i p 
D. How dr iver fe l t on t r ip 
E. Amount of alcohol consumed on t r i p 
F . Illness or injuries (recent) 

I I . Psychological Characteristics 
A. Anxiety on t r i p 

. B . Personality type 

m. T r i p Data 
A. Famil ia r i ty with the highway 
B. Number of close calls encountered on t r ip 

IV. Dr iver Training and Experience 
A. Method of learning to drive 
B. Dr iv ing examination information 
C. Length of experience with dr iving license 
D. Average mileage driven 
E. Number of previous accidents 
F. Number of previous arrests 

V. Dr iver Action 
A. Distractions within vehicle 
B. Distractions outside of vehicle 
C. Average speed on t r i p 
D. Speed at time of accident 
E. Reason f o r arrest fthis accident) 

V I . Dr iver ' s Opinion 
A. Judgment as to speed at time of accident 
B. Dr ive r ' s opinion of cause of accident 
C. Amount of alcohol that can be consumed without affecting driving 
D. Dr ive r ' s opinion of his abili ty as a dr iver 
E. Dr iver ' s opinion of his need f o r improvement 
F. Attitude toward driving as measured by Siebrecht Test 

factor. A pr imary factor was defined as any dr iver condition, situation, or behavior 
which directly contributed to the cause of the accident, that is , without the presence 
of this (these) factor(s), the accident could not have occurred. A secondary factor was 
any dr iver condition, situation, or behavior which indirectly contributed to the cause 
of the accident. These factors were considered to be conducive to creating a hazard
ous or unsafe dr iving situation. A ter t iary factor was described as a dr iver condition, 
situation or behavior which constituted or reflected an undesirable driving situation 
but no direct relationship could be shown between i t and the accident. 

Each of the 183 one-car accidents was reviewed and the evidence of each negative 
dr iver characteristic was evaluated as to its effect, that is , pr imary , secondary, or 
ter t iary. The degree of the effect of a particular factor was not constant; f o r example, 
the fact that a dr iver had two beers might be a ter t iary factor in some cases yet might 
be evaluated as a secondary factor in another instance. Each pr imary factor was 
a rb i t r a r i ly assigned a numerical value of 1.0, each secondary factor a value of 0.33, 
and each ter t iary factor a value of 0 . 1 . 

The numerical values in each accident were summed, and converted to values of 
X by the equation: 
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x = e - l -«^ (2) 
in which 

e = base of natural logarithms (2.71828) 
z = sum of negative dr iver characteristic factors 

Eq. 2 was developed to convert the value of z to values of x which followed the 
tenets of the proposed concept. 

Obviously, had some other method of evaluating the dr iver characteristics been 
used which would have yielded numerical values of x between zero and one, Eq. 2 
would not have been necessary. However, the method used here seemed to have cer
tain advantages and permitted a reasonable degree of objectivity in making the required 
evaluation. 

The report of the highway conditions at each accident location was studied and an 
evaluation of the highway characteristics was made. The evaluation was based upon 
the geometric standards of the AASHO (7) fo r design speeds of 60 mph, lane widths 
of 12 f t , and shoulder widths of 7 f t . The condition of the highway f r o m the standpoint 
of maintenance was also considered, as were adequate warning and advisory signing. 

Table 2 l is ts the highway characteristics under the two major classifications of 
design geometries and maintenance. Each major classification was given equal weights 
with a potential value of 100. The minor classifications and their subdivisions were 
subjectively assigned weighted values, as indicated after each characteristic. The 

TABLE 2 

CLASSIFICATION OF ROADWAY CHARACTERISTICS 

I . Geometries - Design 100 
A. Alignment 40 

1. Ver t ical 10 
2. Horizontal 30 

a. Safe speed 
b. Passing sight distance 
c. Obstructions 
d. Distractions 

B. Pavement Width 20 
C. Shoulder Width 10 
D. Change in Geometric Conditions 30 

I I . Maintenance 100 
A. Road Surface Conditions 30 

1. Pavement type 10 
2. Rideability 20 

B. Road Fr ic t ion 20 
1. Surface roughness 5 
2. AASHO brake distance 10 
3. Surface condition 5 

C. Shoulder Conditions 20 
1. Relative elevation 10 
2. Surface type 5 
3. Surface i r regular i ty 5 

D. Warning Conditions 30 
1. Sign adequacy 15 

a. Size 
b. Condition 
c. Type 
d. Obstructions 

2. Center line marking adequacy 15 
a. Condition 
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Figure 1. Pamily of curves of driver a b i l i t y . 

evaluation of the design standards and the maintenance conditions f o r each accident 
location were combined by a geometric rather than a straight arithmetic mean, and 
then divided by 100 to reduce the value within the l imi t s of zero to one. The geome
t r ic mean was used because of the consideration that a well designed road poorly main
tained, o r a poorly designee! road well maintained was not equivalent to some average 
road with average maintenance. 

The previous study did not provide any significant data on vehicle characteristics, 
and no attempt was made to evaluate this variable in the present analysis. No in fe r 
ence should be made, however, that the vehicle influence would not enter into future 
studies. 

The accomplished evaluations of dr iver and highway characteristics indicate that 
there were various factors i n each characteristic which combined in such a way as to 
cause an accident. The inference is that some drivers were exercising better judgment 
than others and that accidents occurred on highways with evaluations encompassing the 
whole range f r o m safe to unsafe. Data are needed which w i l l permit analyses yielding 
quantitative values of judgment. To f i t an equation to the data would then be relatively 
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Figure 2 . Plot of I 8 3 one-car accidents. 

simple and, specifically, i t is proposed that the equation would fol low the general f o r m 
of Eq. 1. 

Assuming a value of n, and f o r various values of a, the relationship between x and 
y is i l lustrated in Figure 1. By definition, the perfect dr iver is depicted when a = 1, 
which can only be valid when x = 1. In this instance, y has no influence. If the value 
of dr iver judgment is thought of as s imi la r to topographic elevations, then the values 
of a = 0 . 1 , a = 0. 2, etc., are actually contours joining points of equal elevation or in 
this case equal dr iver judgment. 

The values of x and y in each of the 183 one-car accidents were plotted, as shown 
in Figure 2, on the same graph containing the fami ly of curves i l lustrated in Figure 1. 
There is no intention to infer that this evaluation would result, necessarily, in n beir^ 
equal to Vs. These curves were merely used to i l lustrate the principle. 

DISCUSSION OF METHODOLOGY 

The proposed concept and methodology appears to have mer i t in the analysis of a 
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number of problems encountered in highway safety. The utilization of Eq. 1 is depen
dent on establishing a means of properly evaluating x and y in such a way as to yield 
some level of dr iver judgment demonstrated in each driving situation. Data could be 
collected on a number of dr iving situations in which some of the factors could be held 
constant, i n some cases resulting i n accidents and the rest i n non-accidents. An ex
ample is a male dr iver who, on a clear day, failed to negotiate a sharp curve at 45 
mph. An interview produced data on factors which influenced this dr iver ' s judgment. 
If a group were stationed at this location and attempted to match the apparent factors 
foun4 in the accident situation, data might be gleaned which would point up the influence 
of the unsimilar factors. With sufficient data of this type collected, correlations could 
be performed which should produce significant results. Obviously, this procedure 
would entail a rather comprehensive and long-range project but there is good reason 
to believe that the cost would be just if ied. 

In analyzing data collected on accident and non-accident driving situations, i t is 
reasonable to expect that the accident situations would plot i n the lower ranges of a 
values while the non-accident situations would plot in the higher ranges. Of interest 
is the fact that, in Figure 2, assuming Eq. 1 to be valid in the f o r m indicated, 96.7 
percent of the accidents occurred when the dr iver ' s judgment was less than 0. 6, 94. 5 
percent when a was less than 0. 5, and 87. 5 percent when a was less than 0. 4. 

For the one-car accident case there must be a curve which would delineate between 
that value of dr iver judgment which w i l l result in an accident and that which w i l l be 
sufficient to avoid an accident. This curve w i l l probably lie somewhere in the middle 
range of a. Such delineation may actually be a band of some width but this situation 
w i l l result f r o m an inaccurate evaluation. 

I t is also reasonable to expect that the necessary data on mult i -car accidents could 
be analyzed by the concept proposed here. There would not, however, be a clear de
lineation between the value of a which would result in and the one which would be f ree 
of an accident. The theory of probability could be utilized to predict how many times 
a near-accident situation would have to be presented to a dr iver capable of a certain 
level of judgment before an accident might occur. This technique would permit the 
development of testing devices and procedures which would evaluate an individual and 
yield a determination of his accident potential. 

The shape of the curves produced by Eq. 1 i s of interest to the highway engineer. 
This concept could permit estimates of the highway improvements on dr iver judgment. 
Assume n = Vio and the range of questionable dr iver judgment were between a = 0. 5 
and a = 0. 6. For dr ivers who had dr iver characteristics (x values) of 0. 6, a would 
equal 0. 5 when y = 0. 046, whereas, y would equal 1. 0 when a = 0. 6. This situation 
indicates that a vast change in the combined highway and vehicle characteristics 
would have to be made to improve dr iver judgment by only ten percent. If n = 1.0 is 
assumed and the other conditions constant, the same improvement of a would be ef
fected by changing y f r o m 0. 735 to 1. 0. Such a change might be economically feasible 
i n this instance. This principle is shown by comparing the famil ies of curves i l l u s 
trated in Figures 3 and 4. 

A concept accepted and used in the f i e ld of instrument surveying to classify the i n 
accuracies of measurements (namely, e r rors , mistakes, and blunders) could be used 
to classify the detractive characteristics of the dr iver which res t r ic t the dr iver ' s ab i l 
ity to exercise proper judgment. Dr ive r e r ro r is defined as the static physical, psy
chological, or mental characteristics of a human which inhibitthe judgment required 
to correctly cope with a dr iving situation. Dr iver mistake constitutes the fa i lure of a 
human to have knowledge of the laws, rules, principles, and procedures required to 
cope with a dr iving situation. Dr iver blunder involves the transitory physical, psy
chological, or mental characteristics of a human which inhibit the judgment required 
to cope correctly with a driving situation. 

Dr iver e r ro r reduces any human f r o m perfection to some idealized level which he 
can maintain "most of the t i m e . " Those off icials responsible f o r granting dr iving 
licenses must decide the minimum level which can be tolerated. Having established 
this level, the highways and vehicles must be designed to permit the minimum driver 
to operate a vehicle without undue jeopardy. 
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Figure 3. Family of curves of driver a b i l i t y (n=1.0). 

Driver e r ro r is the pr imary subtractive factor in evaluating a human's maximum 
capacity as a dr iver . Certain characteristics are capable of correction, such as 
faulty eyesight by use of glasses, but, in the main, driving e r ro r must be compensated 
f o r since correction is not generally possible. The compensation would take the f o r m 
of driving-habit adjustments or limitations when or where a dr iver may operate a ve
hicle. 

Dr iver mistake is the second subtractive factor in evaluating a human's maximum 
capcity as a driver . Obviously, an individual must possess a minimum knowledge to 
obtain a license to drive. However, this minimum is insufficient to permit a dr iver 
to cope with every driving situation. The dr iver who does not know, f o r instance, how 
to correct f o r a skid on a slippery pavement, or how to resist centrifugal force when 
he finds he is exceeding the safe speed around a curve has l i t t l e chance to cope with 
these situations. The knowledge therefore is no assurance that he w i l l possess the 
required s k i l l to handle the situation, but i t necessarily precedes sk i l l . 

The th i rd subtractive factor in evaluating dr iver characteristics, dr iver blunder, 
is of two types: (1) periodic lapses into thoughtless or reckless actions caused by 
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t r a n s i t o r y c h a r a c t e r i s t i c s , and (2) r e g u l a r d i s r e g a r d of the l aws , r u l e s , o r p r i n c i p l e s 
of safe d r i v i n g . C o r r e c t i o n of the f i r s t type m i g h t be accompl i shed to a degree by p r o 
p e r l y m o t i v a t i n g the d r i v e r s . However , a c e r t a i n amount of men ta l lapse i s inheren t 
i n any human. The second type p resen t s a p r o b l e m f o r the en fo rcemen t agency and 
the cour t s . 

Acc ident data c l a s s i f i e d as suggested here m i g h t p e r m i t i n s igh t in to the mos t e f f e c 
t i v e methods of i m p l e m e n t i n g a highway safety p r o g r a m . Such a p r o g r a m usua l ly i n 
cludes education, enforcement , d r i v e r examina t ion , and t r a i n i n g . The i dea l so lu t ion 
i s to know wh ich area to emphasize and to what degree. 

CONCLUSIONS A N D R E C O M M E N D A T I O N S 

I n the cons idered op in ion of the au thors , the proposed concept i s a va luable base 
upon wh ich to ins t i tu te s i g n i f i c a n t r e s e a r c h i n the f i e l d of highway safe ty . The m e t h o 
dology, i ncopora t ing a con f iden t i a l pe r sona l i n t e r v i e w w i t h d r i v e r s and an inves t iga t ion 
of highway condi t ions at accident s i t es , i s a f r u i t f u l means of data c o l l e c t i o n . Data 
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should be obtained on non-accident and near -acc ident s i tua t ions as w e l l as upon ac tual 
accidents . The proposed study should be conf ined to the one-ca r accident i n the i n i t i a l 
phases, but i n any expansion m u l t i - c a r accidents should be inc luded . 

The so lu t i on of the p r o b l e m o r , m o r e r e a l i s t i c a l l y , the r educ t ion of highway a c c i 
dents l i e s i n the e f f i c i e n t u t i l i z a t i o n of avai lable funds . I t wou ld be f o o l h a r d y , f o r ex
ample , to expend b i l l i o n s of d o l l a r s on highway c o n s t r u c t i o n so le ly f o r the purpose of 
reduc ing accidents be fo re knowing how f r u i t f u l the expending of comparab le funds f o r 
d r i v e r t r a i n i n g and educat ion would be. I t i s essent ia l , t h e r e f o r e , to conduct studies 
i n accident causat ion d i r e c t e d t o w a r d a means of eva lua t ing the i n t e r r e l a t i o n s h i p of 
the d r i v e r , the highway, and the veh ic le so as to p rov ide the mos t e f f ec t i ve methods 
of accident reduc t ion . 
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