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Traffic Accidents and Roadside Features

J. CARL McMONAGLE, Director,
Planning and Traffic Division,
Michigan State Highway Department

@ MICHIGAN and the nation at large are
experiencing a tremendous expansion of
motor-vehicle traffic. In 1950, traffic in
Michigan exceeded by 8 percent the state
highway department's long-range estimate
for that year. In 1951, actual travel was
16 percent above estimated. Currently
we are producing more than 24 billion
vehicle miles per annum, or at about the
rate our statisticians had forecast for
1964.

No one is able to predict with any
certainty how long this expansion will
continue at its present rate, but every-
one knows that it is putting all highway
agencies under heavy pressure. Con-
struction forces, already faced by ac-
cumulated deficiencies, are straining to
meet the most urgent of the mounting
demands. Many states have expanded
their maintenance operations to take up
the slack left by their inability to re-
place old or inadequate facilities.

No group is more conscious of the
critical conditions which are developing
than the traffic engineers. Having the
responsibility to operate traffic in what-
ever volumes it occurs over existing
pavements and structures regardless of
their adequacy, they are keenly aware
that hazards are increasing. In general,
they are missing no opportunities to learn
more about the basic facts of accident
causation on which safety measures must
be based.

Certain aspects of the highway safety
picture are not too discouraging. The
fatality rate has declined steadily during
the past 10 years and the trend has been
downward for 14 years. In Michigan the
1937 rate was over 15 per 100 million
vehicle miles and was less than seven
per 100 million vehicle miles in 1951. I
believe that this is more or less repre-
sentative of the experience in most of the
country.

We should hesitate to assign too much
credit for this condition to any particular
measures or factors. Undoubtedly safety
education and traffic engineering opera-
tions have contributed, but probably of
greater importance are the lessons of
care and conservation which home-front
restrictions taught motorists during the
war years. And in this connection, one
should not forget the progress of medical
science, especially in the use of blood
transfusion, which saved so many war
woundedfrom death and which undoubtedly
has benefitted many traffic casualties
similarly. However, in Michigan at least,
any such influence is not reflected in
a higher rate for traffic injuries; indeed,
this rate has declined slightly but con-
sistently during the last decade.

All the comfort these rates give is the
assurance that, so far, highway casualties
are not going up at the same rate as
highway traffic (See Fig. 1). Both fatal-
ities and personal injuries have increased
numercially, and although the data are
far from complete, there is little doubt
that the dollar damage resulting from all
accidents has risen faster than traffic.
The outstanding message of these figures
and conditions is a warning to highway
authorities that they cannot for a moment
relax their efforts to find and control the
hazard factors which are constant com-
ponents of moving traffic. Should the
present traffic be permittedto develop the
frictions and conflicts of 15 years ago,
current accident tolls would be doubled.

In Michigan we have been on the alert
for opportunities to study and analyze
accident data. We started early with
material that was frequently meager and
unreliable and, in consequence, landed
in our share of the blind alleys and came
up with several wrong answers. As
elsewhere, however, methods of collecting
and analyzing accident data have been im-
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travel rising faster than traffic fatalities results ina declining fatality rate.

proved, and in recent years we were able
to undertake several projects which pro-
duced some usable results. One of the
more valuable of these results was the
knowledge that the findings of such proj-
ects are strictly limited as to scope and
application by the method of investigation.

There are two ways of approaching the
problems of highway accidents. The first
of these is to make an intensive study of
the characteristics of an individual acci-
dent or of a series of accidents in an in-
dividual location in relation to attendant
circumstances or features. This is the
approach of the enforcement officer in-
vestigating a crash for the purpose of
setting up an official record and assess-
ing responsibility. It is alsothe approach
of the traffic engineer studying a high-
accident location to find causes and devis-
ing remedial measures.

1t is an accepted fact thateven such in-
tensive investigations fall far shortof get-
ting all the elements of the accident situa-
tion under study; deep psychological fac-

tors are seldom touched andfactors closer
to the observable surface are frequently
missed. Nevertheless, such studies pro-
duce answers that are usually sufficient for
their immediate purposes. The results of
a series of such studies may provide the
material for analyses which will give
solutions of wider scope. However, the
greater the number of such individual
studies, the more general are the con-
clusions which can be drawn from their
accumulated findings.

The second way of approaching the
accident problems is much more ob-
jective. It consists of taking as large a
collection of accident data as possible,
and of then analyzing them in their en-
tirety in relation to selected conditions or
features whose relationship to accident
occurrence is to be investigated. The
validity of the method rests on the belief
that the distribution of a large number of
instances will create an informative
pattern.

The findings of studies of this kind are
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usually of a very general character. This
1S bound to be the case, because although
a large number of accidents are used in
the analysis, by the nature of the study
only those characteristics become sig-
nificant which are more than ordinarily
prevalent.

THE MICHIGAN STUDY

The Michigan Study has resulted in
some general findings about certain basic
elements of the accident situations which
have developed on highways which traverse
suburban areas. In most cases these
findings are really substantiations of con-
clusions whichpreviously had beenreach-
edtentatively onthe basisof rather casual
observations of conditions.
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Figure 2.

Accident analysis study road, US 24 and ¥ 58.

Background and Purpose of Study

The Michigan study of roadside fea-
tures as elements in the accident picture,
grew out of a program which the National
Safety Council, with the support of the
Bureau of Public Roads, initiated in
1945. The council asked the cooperation
of the state highway agencies in making
a comparative analysis of the accidents
which occurred in 1941 on interstate
highways. The accidents were to be
analyzed in relation to highway types
and certain design features.

Michigan cooperated in this program
although the State highway officials were
pretty firmly convinced that the accident
data then available lacked the detail and
accuracy to make such a study success-

The 70-mi. road 1s a heavily

traveled route traversing the edge of the Detroit metropolitan area.
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Sample section of study road record map.
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Data regarding features and acci-

dents were recorded on a strip map with reference to the !,000-ft. section markers.

ful. A program for studying accidents
in relation to roadside as well as road-
way features was instituted, and methods
were devised for obtaining data which
would be sufficiently accurate to permit
detailed analysis.

The purpose of this study wasto record
and study a limited number of the con-
ditions under which accidents took place
and to determine, if possible, the rela-
tive importance of individual types of
features in creating hazards for traffic.
Aside from the findings, the most inter-
esting phases of the project are the means
that were adopted to secure sound, de-
tailed data, and the statistical methods
that were employed to analyze these data.

Of primary importance were the plans
devised to make certain that all the data
should be accurate and particularly that
the location of both accidents and fea-
tures should be precisely established.
These plans provided for the selection of
a study road and for the provision of
improved accident reporting measures.

Study Road and Reporting Methods

A 70-mi. stretch of highway on US 24
from the Ohio state line to M 58 just south
of Pontiac, and on M 58 to its inter-
section with US 10, was selected as the
study road (See Fig. 2). This route in-
cludes a considerable mileage of purely
rural highway, but since it skirts the
west edge of the Detroit metropolitan
area, it is principally a suburban high-
way with much roadside development,
some of it extremely dense. For the
purposes of this study, the portions of the
route in urban territory, were deleted

To facilitate the exact location of
features and accidents, the route was
divided into 1000-ft. sections each des-
ignated by a numbered marker. All
road and roadside features were then
inventoried and their location described
with reference to these markers (See
Fig. 3). Agreements were reached with
police agencies under which state troop-
ers, local policemen, and sheriffs'
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Figure 4. Travel and accidents on intersection and nonintersection sections  Although

sections having intersections accounted for less than a third of the road mileage and
travel, they produced 70 percent of the accidents.

officers would include in the report of
every accident the precise place of its
occurrence as indicated by the distance
from the nearest of these markers.

These arrangements were completed
during 1946, and the reporting of acci-
dents by the prescribed methods began on
the first day of 1947 and is still in pro-
gress. By the end of 1949, 3,025 ac-
cidents had been reported. These are
the accidentsused in most of the analyses
in this study, although in earlier phases
of the study only the 1,968 accidents
which occurred in 1947 and 1948 were
used.

Methods of Analysis

All data (design and roadside features
and accidents) were first inscribed on a
strip map of the study road for record-
ing purposes. For analysis, accident
data were punched onto two different
tabulating card forms. Of the first form,
one card was punched for each accident
and carried items regarding its distance

in hundreds of feet from various fea-
tures, 1948 average daily traffic, etc.
Of the second card form, one was punched
for each section and included the section
number, the number of accidents, the
number of features of each kind, the
daily traffic, and the section length.

Two statistical methods were used in
analyzing the data. The first method con-
sisted of tabulating frequency distribu-
tions of accidents according to their
distance from each specified type of
feature. Accumulative percentages of
the accidents within various distances
were computed for each feature, and
rate curves were drawn.

The second method consisted of calcu-
lating correlation coefficients between
the number of accidents and the number
of various design and roadside features
as they occurred in the several sections
into which the study road was divided for
analysis.

It should be noted that the 1000-ft.
road sections were used only for lo-
cating features and accidents; initial
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Figure S. Number of accidents at various distances from features. Accidents occur with
greatest frequency at or close to intersections and nearby roadside features.

phases of the study demonstrated that
these sections were unsuitable bases for
analyzing the data. For the latter pur-
pose, the road was divided into two kinds

of sections: intersection sections, which .

include one or more major intersections,
and nonintersection sections, which in-
clude no intersections. This was done to
permit a clearer discrimination between
the influence on accident occurrence of
intersections and of nearby roadside

features.
RESULTS OF THE STUDY

Analysis of the data by the method of
frequency distribution turned up some
interesting relationships. One of the
most striking of these is revealed by a
comparison of the results of separate
computations of the data for intersection
and nonintersection sections. It shows
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that while the intersection sections ac-
count for less than one third of the study
road and its traffic, they produce 70
percent of total accidents (See Fig. 4).
Their accident rate is 8. 88 per million
vehicle miles while the rate on the non-
intersection sections is only 1.6 acci-
dents per million vehicle miles, or just
about the rate on Michigan's rural trunk-
line system.

This wide difference in the accident
experience in these two kinds of sections
undoubtedly reflects the distribution of
features between them. The noninter-
section sections have only two inter-
sections. By contrast the intersection
sections have all the major intersections
while the density of roadside features
is 3.6 times that in the nonintersection
sections. These distributions are due
to the marked preference of roadside
business for locations at or near prin-
cipal intersections.

””H“““ Accidents per year
per million vehicle miles

9.06

Another type of frequency distribution
groups the accidents by density at suc-
cessive distances from several types of
features. Association of a feature with
accident occurrence is indicated by the
degree of accident density found in its
immediate vicinity. In all cases where a
feature appears to have real significance,
accident density tapers off rapidly ata
distance of 100 or 200 ft. (See Fig. 5).

In the intersection sections, this and
subsequent analyses pointed to the im-
portance of one road feature and two
roadside features. These are the inter-
sections themselves, gas and service
stations, and taverns. On the accompany-
ing graph, one group of signs is also
shown, not because it appears to be im-
portant but because it was the group of
signs showing the highest association
with accidents.

In the nonintersection sections, this
distribution reveals no important peaks of

1348

3.74

No Roadside Features:

28%

Figure 7.

Intersections, features, and accident occurrence:

Intersections are danger-

ous, but the concentration of roadside features near them increase the hazard.
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Coefficients of total and partial correlation for various features with acci-
Total correlation shows the cumulative effects of fea-

tures, partial correlation reveals their individual relationship to accidents.

accident density; accidents are distributed
through these sections rather evenly and
without much reference to roadside fea-
tures or signs (See Fig. 6).

These distributions underscore the
importance of intersections among the
various features associated with accident
occurrence. They also raise the question
as to the extent to which the apparent
association of some other features is
dependent onthe location of these features
relative to the intersections.

This difficulty of discriminating be-
tween the effects of intersecting traffic
and of such features asgas stations which
are usually located at intersections, was a
serious problem in early phases of the
study. The study road was divided into
intersection and nonintersection sections
as a means of partially solving it.

The next distribution was made to de-
termine something of the relative im-

portance of intersections and other fea-
tures. The pertinent datafor intersection
sections were tabulated with the sections
grouped according to the density of road-
side features. The results go a long way
to providing an answer.

On 28 percent of the mileage in these
sections there were 46 intersections but
no roadside features. On this mileage the
accident rate was 3.74 per million ve-
hicle miles.

Fifty percent of the road length had
up to 4 roadside features per 1000 ft. ; it
had an accident rate of 9. 06.

On 22 percent of the mileage, road-
side features averaged more than 4 fea-
tures per 1000 ft. and the accident rate
was 13. 48 accidents per million vehicle
miles (See Fig. 7).

These figures show that intersections
are hazardous in themselves, since the
rate of 3.74 in the group with no road-
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side features is more than double the
rate for nonintersection sections. But the
rising accident rates in the other two
groups indicate that intersections become
much more hazardous a8 roadside features
are built around them.

The second method of analyzing the
data in this study was by determining the
degree of correlation between accidents
and various design and roadside features
and was accomplished by computing cor-
relation coefficients. These are meas-
ures of the amount of association between
one variable and one or more other vari-
able. The degree of association is reg-
istered on a scale running from -1 to +1.
If two variables are perfectly associated,
that is, if one varies directly and pro-
portionately as the other, their correla-
tion will be exactly +1, or if one varies
inversely as the other, their correlation
will be exactly -1. If there is association
between two variables, it is measured
by how close their coefficient approaches
+1.

This method was used to determine the
association of accidents with features in
both intersection and nonintersection
sections, but since significant degrees of
correlation were found only in the inter-
section sections, these are shown on the
accompnaying chart (See Fig. 9). It will
be noted that other establishments, ad-
vertising signs, taverns, and gas stations
all produce coefficients above 0. 600.

It was recognized that in many of
these cases, the indicated degree of
association of a feature with accidents
might be, in reality, a reflection of
the degrees of association among the
features themselves. In other words,
certain of these correlation coefficients
may well include not only the association
of an individual feature with accidents but
the association with accidents of other
nearby features. For this reason it was
desirable and necessary to segregate the
association of each 1individual feature
from the influence of other features.

This was accomplished by what the
statisticians call partial correlation.
That is a process by which the correla-
tion of two variables is computed with the
effect of other associated variables e-
liminated or held constant. To put it
another way, partial correlation meas-
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ures the effect of one variable in its own
right upona second variable independently
of the effect of third or fourth variables
which may be presentin the field of study.

As the chart indicates (see Fig. 8),
whenpartial correlationwas appliedto the
features in the intersection sections,
radical changes were made in the associ~
ation indicated by the total correlation
coefficients. The coefficient of other
establishments was reduced to a trifling
figure; advertising signs went down to
practically zero; and the gas-station
coefficient was cut in half. Only the
coefficient for taverns remains a sig-
nificant index of association with acci-
dent occurrence.

This finding is borne out by results
when partial correlation was applied to
the nonintersection sections. There, it
was found that the coefficient for taverns
was actually increased. The findings
indicate that in all sections of the study
route, taverns are more closely associ-
ated with accidents than are any other
of the features studied.

An overall view of the various factors
in the accident experience analyzed, is
afforded by the strip map of the study
road (see Fig. 9). It shows the principal
intersections, the density of roadside
features, the pavement widths, the aver-
age traffic, and the accident rate per
million vehicle miles on each 1000-ft.
section.

Particularly interesting 1s the coinci-
dence of peak quantities of roadside
features and the higher accident rates at
several points along the route. The
striking coincidence of low traffic vol-
umes and high accident rate on the north-
ern part of the road isprobably due to the
fact that this is a two-lane section badly
overloaded.

CONCLUSION

As was emphasized earlier, the results
of 2 study must be of a very general
nature. They indicate that intersections
are themselves centers of traffic hazard
and that the hazards increase when the
complexities of traffic movement at these
points are further complicated by road-
side commercial developments.
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These are findings which have impor-
tance 1n basic problems of highway plan-
ning and traffic operation. They point to
the fact that every effort should be made
to provide highways in suburban areas
which will protect the main streams of
traffic from interference from the road-
side. They 1indicate that intersections in
particular require protection.

The studies point with some precision

to the relative importance of various
features as factors in creating conditions
in which accidents occur with greater
than what we believe 1s normal frequency.

As has been pointed out, most of these
findings substantiate conclusions which
had been reached but which hitherto
lacked clear statistical support. The
validity of these conclusions is now
soundly established by these studies.





