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If statistical summaries of traffic accidents published yearly by most
states andby the National Safety Council are interpretedin the obvious
way, conclusions are likely to be erroneous because the age or sex of
the driver maybe attributed to extraneous factors such as the propor-
tion of driving done in rural areas where high speeds are common, or
to similar factors such as night driving, conditions that prejudice the
results in terms of the drinking driver, and relatedcharacteristics of
the driver, his vehicle, and his environment. For this reason, the
factor analysis procedurehas provedto beuseful asa meansfor better
understanding of a multivariable situation, as the traffic accident is.

In this study, eight majorfactors have beenanalyzed for their con-
tribution to accidents. In addition, a separate factor analysis was
conductedona random sample of 1, 000 fatal accidents. An elementary
linkage analysis was also supplied to the data, primarily to group in-
dividuals into various classes, and this adds confidence to the results
obtained.

It was found that most of the common variance among the 23 vari-
ables studiedis accounted for by 8 independent factors. Thereport on
this investigation explains the nature and the strength of the associa-
tion of these eight factors with the accident event. It is quickly ad-
mitted that the inclusion of still further variablescould result in other
factors being identified with traffic accidents, as well as with a better
definition of the ones that were isolated. It is important to recognize
that particular combinations of a number of variables are probably of
much greater importance in understanding the accident event than the
effects of variables taken singly or in pairs.

*ALTHOUGH most people are aware that it is erroneous to think of accidents as having
a single cause, most of the analysis of accident data is congruent with a single-cause
theory of accidents. Consider the yearly statistical summaries of traffic accidents

that are published annually by most states, and published for the nation by the National
Safety Council. These tabulations convey the magnitude of specific problems, such as
accidents involving excessive speed, alcohol, or pedestrians, and convey changes in

the general accident problem and specific accident problems from year to year. How-
ever, it is difficult to make valid inferences regarding causation from such tabulations
of one variable at a time. In addition, such summaries often include cross-tabulations
conveying the relationship between two factors of interest, such as sex of drivers and
number of accidents involving high speeds or alcohol. Although we may be aware that

if we interpret such tables in the obvious way our conclusions are likely to be errone-
ous—sex of driver may be related to extraneous factors, such as the proportion of
driving done in rural areas where high speeds are common, or to factors such as the
proportion of driving done at night when drinking is more common—out methods of
analysis typically do not take into account more than two variables at at time. Similarly,
our studies relating characteristics of drivers, vehicles, and highways to accident rates
typicallytreat variablestwoatatime. With such methods, only interpretationsbased on a
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single-cause theory (tempered by judgment) are possible. There is need for the appli-
cation of methods of multivariate analysis which are congruent with a multiple-causa-
tion theory of accidents. In the same way that the development of punched-card methods
made it possible to record and tabulate data on many variables, the availability of mod-
ern computers makes possible multivariate analysis of such data.

Only a few applications of multivariate methods have been reported. Multiple-cor-
relation and partial correlation methods have been used to a limited extent, such as to
study the effects of roadway characteristics on the accident rates of sections of high-
way in Oregon (1, 2). Goldstein and Mosel (3) factor-analyzed attitude items and re-
lated the factors to self-reported accidents and violations, and Versace (4) factor-
analyzed a portion of the Oregon data. There seems need for a multivariate attack on
the large quantity of data available in accident records. The purpose of this study is to
make a small beginning in that direction.

PROCEDURE

Accident Data

With the cooperation of the Michigan State Police, punched-card records were ob-
tained on the fatal and injury accidents in Michigan for 1957, over 18, 000 in total.
Since it was impossible to analyze all of the data recorded for such accidents, 23
variables were chosen such that each accident could be coded by the presence or ab-
sence of each of 23 characteristics, and such that the characteristic not be so rare that
very few accidents would be coded for it, or so common that almost all accidents
would be coded for it. A conversion program was prepared so that the computer would
make a card for each accident, recording only the data on these 23 variables. The
characteristics are given in Table 1.

Reduction of the data to this form certainly leaves out much information of impor-
tance. In addition to data not recorded at all, the data on the variables chosen were
not complete. For example, drivers' age was reduced to a simple dichotomy, whether
driver under 25 was involved or not; information regarding ages over 65, or the age
of the other driver, if any, was lost. A more complete analysis to recover such in-
formation is planned in a later study.

Factor Analysis as a Method

The principal multivariate method used in this study was a factor analysis of the
correlation coefficients among the 23 variahles which had heen chosen and coded.
This procedure was developed in the 1930's by Thurstone (5) and others for the study
of psychological abilities. The basic idea of factor analysis can be illustrated by its
most important early application. A large number of tests existed measuring various
aspects of mental ability. Most of these tests had high correlations with some of the
others. It was reasoned that there may be only a small number of basic factors of
mental ability, and that each of the many tests was measuring one or more of these
factors. Factor analysis was a means of deriving such factors inductively from the
correlations among the tests. A small number of such factors were found, which
made a basis for the further development of the theory of mental ability. The various
intelligence tests in use today, and the interpretation and use of these tests, has been
heavily influenced by factor analysis. Factor analysis has since been applied to di-
verse areas, and has proved its usefulness both in providing a means for better under-
standing of the variables involved, and in the practical development of efficient meas-
uring instruments.

Correlation Matrix

The data with which factor analysis begins are given in Table 2. The table of the
correlation coefficient of each variable with every other variable is known as a cor-
relation matrix. In the case of dichotomous variables, the correlation coefficient re-
duces to what is called a phi coefficient, ¢. It is related to the chi-square statistic,
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TABLE 1 x%, commonly used to test for a significant

ACCIDENT CHARACTERISTICS STUDIED relationship between two dichotomous var-
1. Female driver involved or not iables, as follows: ¢ =+ VXZ/N, where
2. Driver under age 25 involved or not K i i
24 Driver with less than one year's experience involved or not N is the Sa_lnple size, and the sign of ¢ re-

. Fatal accident or not i s P
5. Aleohal involved or Hiot flects a positive or negative relation be-
6. Accident at intersection or not tween the variables.
7. More than one vehicle involved vs single vehicle Z .
8. Vehicle other than passenger car involved or not To interpret Table 2, observe for ex-
9 Spee_d greater than 50 involved or not ample the top of column 1, which corres-
10. Vehicle defect recorded or not ¥ "
11. Out-of-state vehicle involved or not pODdS to ""Female Involved. We see that
-y it accidents in which a female is involved are
14. Weather clear or cloudy vs other weather Slightly less lik81y to involve a driver under
15. Surface dry or not - : : s
18, Daved voa3 et 25; accidents involving a female are less
ig thO:d def%ct reiorlded or not likely to have a mention of alcohol on the
. ate or U. 8. highway, or not . . . s

19, Traffic control devices’ present or not accident r ecord, they are more hkely to be
20. Open country vs built-up or urban area acci i olvine more than one vehicle'
21. Weekend (5 pm Fri. 12 pm Sunday) or not cidents inv V_l B0 e X ’
22.  Rush hour (7-9 am or 4-6 pm) or not they are more likely to involve an inex-
23: Sumiineror not perienced driver, etc. The coefficients

in Table 2 are based on 17,400 accidents

(the number remaining after cards with in-
complete data were eliminated, and when the number had been further randomly re-
duced to facilitate feeding cards into the computer in batches of 200), so that even very
small coefficients are statistically significant. Examination of the matrix may reveal
relationships of interest, but it is beyond human capacity to comprehend the matrix as
a whole. Factor analysis may be viewed as a means of summarizing all of these coef-
ficients in a way that the mind can grasp.

Methods of Analysis

The use of factor analysis is not an exact science, and opinions differ on a number
of questions of procedure. The author's approach to the use of factor analysis is an
empirical one; results which hold up over several methods of analysis are accepted,
while those that do not are regarded as questionable. Accordingly, additional analyses
were carried out, and their results used to guide the interpretation of the primary
analysis.

For the primary analysis, factors were extracted by the principal components meth-
od (6), and rotated by the quartimax method (7) and the varimax method (8). Since
the two methods yielded almost identical results, only those for the quartimax method
are reported. Since these methods require orthogonal (independent) factors, the bi-
quartamin method (9) was also applied. Again, almost the same solution was obtained.
Since criteria for the number of factors to include in the rotation process did not lead

TABLE 2
INTERCORRELATION MATRIX

1 2 3 4 5 8 1 8 9 10 11 12 13 14 15 18 17 18 19 20 21 22 23

1
2
3 -148  -060

4 4111 +039 -083

5 +143  +068 -056 +470

6 +102 4207 -100 +024 4017

7 -073 4079 +107 -076 -045 -005

8 +168 -071 -304 +126 +131 4056 -039

9 -026 +023 4050 +040 -024 +020 +119 +069

10 +011 4018 -045 -036 -093 +047 -030 +037 +035

11 -027 +027 4058 +031 -011 4019 +108 +043 +603 +029

12 +006 -036 +045 +063 +123 -043 +048 -013 -022 -270 +016

13 4003 -007 -070 +022 +025 +002 -052 +027 -224 4038 -158 -058

14 4009 -038 +043 +153 +210 -043 069 -027 -045 -189 -004 +380 -058

15 -050 -002 4037 -206 -134 -026 +212 -053 -028 4072 014 -055 +002 -038

16 -017 +017 4001 -005 -012 4031 -011 +011 +036 +015 4033 +005 -018 -012 +002

17 -052 -012 4000 -048 -037 -034 +042 -054 +003 -023 4021 +015 +016 +035 +077 -016

18 -016 -020 -027 +014 +111 -010 +041 +021 -007 -020 +011 +034 -005 +070 +081 4001 4033

19 -053 -015 -063 4099 4270 -017 -041 +0B7 +001 -016 +025 +017 +016 +039 -016 +029 4011  +107

20 +001 4039 -021 4011 +014 4038 +045 +120 +105 +038 +199 -030 -012 -040 4012 +008 -014 +045 -008

21 +076 -042 -143 4061 4065 +006 -034 +342 -006 +026 -026 -012 +025 -019 -041 -018 -034 -005 +030 -019

22 -067 +040 +110 -018 +015 -007 +023 -090 -015 -018 -030 +008 -001 +027 +034 -001 +005 -006 -088 +012 -064

23 4002  -048 +014 4020 +204 -070 +129 -031 -081 -138 -033 +232 -039 397 +116 -017 +043 +162 4054 +016 -016 +015
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to a clear decision in this case, solutions were obtained for six through ten factors.
Although factors seven and eight were of a doubtful status on the basis of the additional
aiidlyses below, it was fell that Uie eighi-facior sulutivii was most mieaidigiul . Slice
the factor loadings on the first six factors were almost the same regardless of the
number included in the rotation or the rotation method used, these loadings are con-
sidered reliable.

Results

The results of the factor analysis are given in Table 3. The principal results are
the factors, indicated by roman numerals. The entries in the table, the factor load-
ings, measure the correlation between each variable and each factor. The person not
acquainted with factor analysis will not be seriously in error if he thinks of a factor as
a cluster of accident characteristics which hang together over many accidents, and the
factor loadings as a measure of the degree to which a particular characteristic hangs
together with the cluster. A negative loading then measures the degree to which the
absence of a characteristic is associated with the cluster. Factor loadings smaller
than 0.05, and decimal points, have been omitted to make the table easier to read.
Each factor is defined by the variables on which it has the highest loadings, either
positive or negative.

The first factor characterizes features of the road where an accident took place-—
whether it was paved, whether traffic control devices such as signs or signals were
present, whether it was a state or U. S. highway, and whether a road defect was re-
ported. The smaller loadings on "vision obscured' is reasonable, since vision may be
obscured by roadway features; likewise the small loading on speed. This factor dif-
ferentiates modern high-type highways from secondary roads and streets and will be
referred to as "'good roads."

Factor II clearly refers to the weather in which an accident took place, with loadings
on variables 9 and 11 which describe the weather. The smaller loadings on 13 (vision
obscured), 20 (summer), and 7 (speed) are consistent with this interpretation. This
factor will be referred to as ""'weather."

TABLE 3
FACTOR ANALYSIS OF TOTAL ACCIDENTS2

FactorP
Characteristic
I I I v v Vi v via
1. Female 09 07 -45 - -18 21 - -17
2. Age under 25 -08 - 14 09 05 13 - -13
3. Alcohol 07 -13 55 -07 - -24 26 -05
4. Intersection 08 -06 -11 68 -26 06 10 -16
5. More than 1 vehicle 19 - -09 80 - 06 - -10
6. Experience 1 yr - - -11 - - 73 - -
7. Speed over 50 18 -21 - -17 49 13 1.1, -19
8, Daylight = -10  -77 13 2 -05 = 13
9, Clear or cloudy - -85 - - - - - -05
10. Road defect 55 - -08 - 16 - 08 -
11, Dry pavement - -84 - - - - - -
12, Paved road 73 - - - -08 - - 07
13, Vision obscured -22 43 -07 14 09 - 10 -
14, Traffic control device 72 - - 20 07 - - -
15. Open country - 086 - -26 67 - - -
16. Vehicle defect - -08 09 - - 18 - 88
17, Fatality - - 12 -06 23 - -30 -22
18. Out-of-state vehicle - - - 28 49 -06 -08 12
19, Trucks, etc. -10 - 07 55 20 -10 -44 17
20. Summer -11 -30 -20 10 23 - 40 10
21, Rush hour - - -63 - - -15 - 06
22, Weekend - 07 18 05 - - 73 -
23. State or U. S. highway 58 09 - 16 42 -07 -05 -

aDec]‘.mal points and coefficients less than 0.05 omitted for ease of reading.
Factors are I = roads, II = weather, IIT = night, IV = confliet, V = rural, VI = youth=
inexperience, VII = weekend, and VIIT = vehicle defect.
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The interpretation of lactor III is not so obvious. Accidents characlerized by this
factor are at night (or dusk or dawn), not during the rush hour, alcohol is likely to he
involved, but not female drivers (who presumably do more of their driving during the
day). The smaller loadings fit into the pattern—summer because of longer daylight
hours, weekends because of more night traffic on weekends. In interpreting factors it
is advisable to refer back to the correlation matrix and to compare the correlations
between variables with loadings on the factor. When this is done it is seen that even
the small loadings, such as those on age less than 25, and fatality, are consistent with
the overall pattern. Although one might consider a designation such as ''time of day"
for this factor, it seems that the narrower designation of day vs night characterizes
this pattern of characteristics more accurately. This factor will be referred to as
"night."

Factor IV characterizes accidents which involve more than one vehicle, are at
intersections and involve a vehicle other than a passenger car (in most cases, a truck).
We find smaller loadings on variables 18 (out-of-state vehicle) perhaps partly because
many out-of-state vehicles are trucks, 15 (not in open country), 14 (traffic control de-
vices present), and 23 (state or U. S. highway). Reference to the correlation matrix
verifies this pattern; we see, for example, that truck accidents are more likely to be at
intersections, and particularly likely to involve more than one vehicle. (Of course,
whether the cause is trucks per se or their traffic exposure is not answered by these
correlations.) Clearly this factor implies something like traffic friction among ve-
hicles, or interference in traffic movement, rather than just traffic congestion. This
factor will be designated '"'traffic conflict."

Factor V yields a quite clear interpretation, characterizing accidents taking place
in open country rather than urban or built-up areas, with high speeds and out-of-state
vehicles more frequently involved. The smaller loadings, as well, point to a designa-
tion of this factor as ''rural.”

Factor VI has large loadings only on age under 25, and experience less than one
year. The small negative loading on alcohol reflects the fact shown in Table 1, that
alcohol is less likely to be associated with inexperienced drivers. The loading on fe-
male similarly reflects the greater likelihood of females being associated with ex-
perience less than one year. For want of a better term, this factor will be referred
to as "youth-inexperience." It would seem that further data would be needed (or even
analysis of male and female drivers separately) in order to make a clear interpretation
of this factor.

Factor VII seems to characterize "weekend'' accidents. The relation between week-
end and summer, trucks, and even alcohol, are verified by the zero-order correlations
in Table 1. However, that of variable 17, fatality, is not so verified although this load-
ing is almost identical for the verimax solution, and holds up over different rotations.
It may be that when other factors related to fatalities and weekends are adjusted
fewer fatal accidents will be found on weekends than would be expected. Until verified
by appropriate analysis, however, such relation appears doubtful. One might expect
a loading on out-of-state vehicles as well, but this presumably does not occur because
a large number of trucks are out-of-state vehicles, and few of these are on the road
on Sundays. Perhaps Sundays need to be treated separately rather than treating the
weekend as a whole. This factor should be interpreted with caution. It accounts for
less variance than the previous ones, and was included in the rotation because the other
factors emerged more clearly with it than without it.

Factor VIII, "vehicle defect, ' reflects the fact that vehicle defects do not seem to
be strongly related to any of the other variables. Including it in the rotation allowed
it to emerge by itself without its small relationships slightly disturbing the definition
of the other factors. The amount of variance associated with this factor was quite
small, and vehicle defects are reported in only a very small portion of accidents.

Additional Analyses

Since fatal accidents are of particular interest, a separate factor analysis was ’
carried out on a random sample of 1,000 fatal accidents. (A sample of 1,000 non-
fatal accidents was also analyzed. However, since about 94 percent of all accidents \




TABLE 4
FACTOR ANALYSIS OF FATAL ACCIDENTS?

TaggediyeD
Taclus

Characteristic
I o m v \'A Vi vio v
1. Female - - -55 - - 10 07 -
2. Age under 25 - -09 23 12 - 61 -07 -41
3. Alcohol 05 - 24 - 08 -16 63 16
4. Intersection -10 -14 -14 76 -18 - 10 -
5. More than 1 vehicle 21 05 -10 78 16 06 -08 -
6. Experience 1 yr -08 - -08 - - 73 - 16
7. Speed + 50 19 -26 -05 -05 23 35 30 -06
8. Daylight -11 - -7 16 06 - -18 06
9. Clear or cloudy - -85 - - -05 - - -
10. Road defect -50 09 -10 08 20 09 07 -18
11. Dry pavement - -83 10 06 10 06 - -
12. Paved road 70 -11 07 -08 -06 - -08 -
13. Vision obscured -16 51 11 15 08 23 -10 -
14. Traffic control device 75 - - 11 - - 10 -
15. Open country 06 - -21 -25 64 15 - -25
16. Vehicle defect - - -09 -11 06 30 - 8
17. Fatality - - - - - - - -
18. Out-of-state 07 -06 05 27 57 -11 -12 10
19. Trucks, etc. 06 - 14 37 16 - -54 32
20. Summer -20 -20 15 12 48 -14 09 14
21. Rush hour - 09 -66 15 - -08 - -
22. Weekend - 08 09 13 - 17 62 -
23. State or U. S. highway 64 13 - 18 36 -09 - -

aDecimal points and coefficients less than 0.05 omitted for ease of reading.
Factors are T = Roads, II = weather, IIT = night, IV = conflict, V = rural, VI =youth =
inexperience, VII = weekend, and VIII = vehicle defect.

were non-fatal, the results were essentially redundant with that of the total sample.)
The results for the fatal accidents are reported in Table 4. It is obvious that the
factorial structure is very similar to that of the total sample. The general descrip-
tion of the factors based on the total sample would apply almost equally well to the fatal
sample. The pattern of loadings is very similar for factors I through VI, but not very
close for factors VII and VIII. As the similarity of the factor analysis results implies,
the correlation matrix for the fatal accidents was similar to that for the total sample
given in Table 2; therefore, the matrix is not included for the fatals. Only a few of the
correlations are sufficiently different to be of particular interest. The correlations of
experience less than one year showed some suggestive changes from total sample to
fatal —with speed, from -0.005 to 0.106; with alcohol, -0.100 to -0.027; with weekend,
-0.007 to 0.072. Age less than 25 showed changes in the same direction, although to
a lesser degree. The suggestion of a difference in the pattern of relationships between
these variables for fatal vs non-fatal accidents points out the need for further analysis,
taking account of the relations of these variables to others.

Since the mathematical model of factor analysis assumes linear relationships be-
tween continuous variables, its application to dichotomous variables introduces both
theoretical and practical problems. Although it has proved useful in the analysis of
such data (such as with test items which are answered right or wrong), the effect on
the phi coefficient of differences in marginal proportions can lead to difficulties (10).
One way that has been used to overcome this difficulty is to use ¢/%,ax as a coefficient,
where ®max is the maximum ¢ possible for the given marginals. Samples of 1,000
fatal accidents and 1, 000 non-fatal accidents were factored using this index. Again,
the same factors were obtained, and in general the relative magnitudes of the loadings
were similar. Since this index has undesirable mathematical properties that can lead
to anomalous results in certain cases (11), the original analysis is preferred since the
results are in general the same. T

Another method of analysis, quite simple computationally and very different in
mathematical model, was also applied. Elementary linkage analysis (12), although
intended primarily to group individuals into types on the basis of agreement scores,
can be used to group variables into types on the basis of their intercorrelations. This
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method, applied to the matrix of the total sample, gave six types corresponding to
factors I through VI. The variables in each type corresponded to the variables having
the highest loading on the corresponding factor.

These secondary analyses, while adding relatively little to computer time, added
considerably to the writer's confidence in the results. Other methods, more congruent
with the dichotomous nature of the data and with other implicit hypotheses about its
structure, are being tried out. To date, none has yielded a really satisfactory solution.

DISCUSSION

It seems clear that most of the common variance among the 23 variables can be
accounted for by eight independent factors. Or, to put it informally, the 23 accident
characteristics hang together in eight independent clusters.

Factor I, "good roads,' is made up of characteristics in which modern high-type
roads differ from secondary roads and streets. Although speed and multiple-vehicle
accidents are related to this factor, it, to a great extent, stands by itself with a clear
interpretation.

Factor II, "weather, " although related to speed and time of year, is similarly clear
in interpretation.

Factor III, '"night,'" summarizes many characteristics on which the frequency of
accidents is different at night than during the day. Most of the accident characteristics
that are intrinsically of interest—age, sex, alcohol, speed, fatalities, etc.—are re-
lated to this factor. Although this factor may be viewed as a conglomerate—further
research may characterize better the ways in which day and night accidents differ—it
seems reasonable to think of this factor as a basic characteristic of accidents.

Factor IV, "traffic conflict," is characterized by intersections, more than one ve-
hicle, and to a lesser extent, trucks. It is also related to variables of interest, and,
more than the previous factor, might be viewed as a conglomerate that future research
may clarify. But certainly this group of characteristics is important in the study of
accidents. Some may prefer some other term like traffic interference or friction to
conceptualize this factor.

Factor V, "rural,' characterizes accidents that take place in rural areas rather
than in urban or built-up areas. This seems clearly interpretable as a basic char-
acteristic of accidents.

Factor VI, "youth-inexperience, ' should not be interpreted as a basic factor in the
same sense as the previous ones. Except for sex, age under 25 and experience less
than one year were the only purely human characteristics among the 23 included, so
it is natural that they cluster together. This factor is of interest, however, and the
suggestion of a different pattern for fatal and non-fatal accidents warrants further re-
search.

Factor VII, "weekend, " is of a very doubtful status. It was "underdetermined,"

i. e., it had too few variables with high loadings to determine it accurately, although
its relation to alcohol at least is of importance. Lumping the whole weekend together
may be erroneous—Sunday is certainly different for trucks, and probably for other
characteristics.

Factor VIII, "vehicle defect,' tells us little, except that vehicle defects are not
strongly related to any other accident characteristic included in the study. Therefore,
it came out pretty much by itself.

Interpretation of Factors

It is important to point out what these results may mean in practice, and what they
do not mean. As in other applications of factor analysis, the results may help in
conceptualizing the problem. The author, as a psychologist, is primarily interested
in the human factors in accidents. However, the characteristics which might be re-
garded as human characteristics did not come out in factors by themselves, but
clustered with non-human characteristics as well. It seems clear that study of human
characteristics must take account of related non-human characteristics.
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It was pointed out in the introduction to this paper that studies comparing accident
rates or accident characteristics may lead to erroneous conclusions because of failure
LW cuiitiul [Un eatidiicvus valiables., I is fiipussible o coutdl [or everylhing, and il
can be quite confusing to decide what to control for and how control may be achieved.
The factors obtained in this study are at least some important ones, and variables of
interest may be related to some of the accident characteristics included in this study.
By examination of the factor loadings (especially accompanied by examination of the
correlation matrix), one may be able to identify some major variables and find some
ways of control for them. For example, studies involving alcohol should control for
at least the factors alcohol was found to be related to: night, youth, weekend, and per-
haps weather. Similarly, if one were to compare summer accidents to those occurring
the rest of the year, it is seen that this characteristic is related to seven out of the
eight factors, making conclusions about summer accidents very likely to be influenced
by extraneous variables.

Misinterpretation of Factors

It should be pointed out that these factors do not represent basic causes of acci-
dents; they concern relationships among accident characteristics, and say nothing
directly about causation. It cannot be concluded that these are the most important
factors regarding accidents (as will be seen below, Factor I may be of minor impor-
tance); the factors represent merely clusters of characteristics commonly recorded in
accident records. (If hair color, eye color, and skin color had been included in the
analysis they would have clustered together as a factor, even though they are obviously
not of importance.)

Also, these factors only summarize the data included in the analysis. The char-
acteristics included in this study were judged to be the most important ones which
could be obtained unambiguously from accident records in a form suitable for factor
analysis. Including more characteristics would presumably result in additional factors
in addition to better definition of the ones obtained.

Further Research Needed

It seems clear that this study should be regarded as a beginning. The need for the
analysis of further variables, and further information on the variables studied, seem
obvious. Also, factor analysis only takes account of the correlation between pairs of
variables. It is reasonable to hypothesize that it is particular combinations of several
variables that are important, over and above the effects of variables singly and in pairs.
It is hoped that fruitful analysis methods, within the feasibility of computers, will be
found to analyze accident data in ways consistent with this hypothesis and with other
reasonable hypotheses.

Only one other study has been reported with which results can be compared. Ver-
sace (4) did a factor analysis pertinent to accidents. However, the units of analysis
in his study were sections of highway and his variables were characteristics of the
highway, one of which was an index of the number of accidents on each section. He
found four factors which accounted for most of the common variance between highway
characteristics: capacity, modern roads, traffic conflict and roadside structures. His
factor, traffic conflict, which appears to correspond to the factor of the same name in
this study, accounted for almost all the accidents variance. His factor, modern roads,
which seems to correspond to the factor good roads in this study, was not related to
accidents. Of course, it is only conjecture to equate the factors in the two studies.

His modern roads factor was defined by high loadings on sight distance restriction
(negative), calculated capacity, type of terrain, and number of curves (negative). His
factor, traffic conflict, had its high loadings on accidents, average daily traffic, number
of intersections, and number of commercial and residential driveways. Only one vari-
able was common to the two studies--number of intersections per mile in one, and
whether the accident took place at an intersection in the other study.

The need for variables common to the two types of study seems obvious. In studies
of the accident characteristics of roadways, data on the proportion of truck traffic and
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speeds, as well as certain accident characteristics such as were included in this study,
would seem indicated. Similarly, it would be desirable to include on each accident
card some code which would make it possible for a computer to make an estimate of
the traffic volume, and the data necessary for calculated capacity, since these seem
important with respect to where accidents occur. There is also need for related
studies in which the unit of analysis is drivers, rather than accidents or sections of
roadway. When we have a set of factors (or some other statistical model) which holds
up over these three methods of analysis, we will have a basis on which a theory of ac-
cidents can be built.
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