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The investigation described herein represents research by the Oregon State Highway 
Department to understand the effect of width of graveled shoulders on noninter-
sectional accidents. Probably the most important finding in this investigation was 
that accident frequency was not related to shoulder width for the lower ADT high
ways (ADT less than 3600). The finding that shoulder width did not affect accident 
occurrence was supported by the fact that accident occurrence did not seem to be 
related to any other roadway feature controlled in this study (e. g., commercial and 
residential driveways, lane width, curves, terrain, or sight restrictions). 

The second important finding, this time positive in nature, was a tendency toward 
a reduction in accidents as shoulder width increased in the higher ADT ranges. 
This tendency was statistically reliable for total accidents and property damage acci
dents in the 3600 to 5500 ADT range. This observed inverse relationship between 
shoulder width and accident frequency concurs with the implicit assumptions of 
highway designers who have felt that something must be done to alleviate congestion 
on higher ADT 2-lane roadways. In practice, one of the things that has been done was 
widening of the shoulders. On the basis of the results of this study, it appears reason
able to suspect that these shoulder improvements actually were helpful in this volume 
range on 2-lane rural tangents. 

Speed checks were available for many of the sections in the 3600 to 5500 ADT range 
as well as in the 5600 to 7500 ADT range. Analysis of the speed data as a function of 
shoulder width indicated that no significant relationship existed between shoulder 
width and speed in the 3600 to 5500 ADT range; whereas a highly positive relationship 
emerged between speed and shoulder width in the 5600 to 7500 ADT range. The re
sults of these analyses might have accounted for the insignificance of the relationship 
between shoulder width and accidents. 

I t appeared that the contribution of shoulder width to accident occurrence taken 
by itself was generally slight on the lower volume roads (ADT less than 3600). On 
higher volume roads (3600 to 7500 ADT) wide shoulders tended to reduce accidents, 
especially property damage and total accidents. However, when there was a significant 
increase in vehicle speed with wide shoulders as was found in the 5600 to 7500 ADT 
range, this tendency for a reduction in accidents with wide shoulders fell short of 
statistical significance. In line with the findings of Belmont's California study,^ the 

^ Prepared for Project Committee No. 3, "Effect of Highway Shoulders on Accidents," Department of Traffic and 
Operations, Highway Research Board. 

2 "As shoulder width increases, drivers may gain an unjustified feeling of security. Speed may increase, with an 
attendant increase in accident rates" (number of accidents). 
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possibility arises that personal injury accidents were affected by shoulder width in a 
somewhat different way than was the case for property damage accidents. At the 
time of this writing, the cause of this discrepancy between the two types of accidents, 
namely, personal injury and property damage accidents, is unknown—unless paved 
shoulders account for i t . 

# THE investigation described herein rep
resents research by the Oregon State High
way Department in cooperation with Project 
Committee No. 3 of the Department of Traffic 
and Operation, Highway Research Board, to 
understand the effect of width of graveled 
shoulders on non-intersectional accidents. The 
purpose of Project Committee No. 3, organ
ized in 1947, was to examine the influence of 
shoulders on traffic operations. 

Personal injury, property damage, and total 
accidents were analyzed for the years 1952 
through 1954. In order to isolate the contribu
tion of shoulder width itself, statistical and/or 
field controls were used to eliminate the effects 
of the other physical factors contributing to 
accident occurrence. The factors eliminated 
were terrain, curves, sight restrictions, lane 
width, and commercial and residential drive
ways. The effect of traffic volume was also 
controlled hy evaluating the accident-shoulder 
relationship within each of five arbitrarily de
fined average daily traffic (ADT) ranges. 

B A C K G R O U N D 

In September of 1947, Project Committee 
No. 3 of the Department of Traffic and Opera
tion, Highway Research Board, called its first 
meeting. The purpose of this committee was 
to examine the influence of shoulders on traffic 
operations. Essentially straight and level rural 
2-lane tangents were to be the focus of atten
tion. To determine the effectiveness of shoul
ders for traffi(t operations, the following criteria 
were decided upon: speed, transverse place
ment of vehicles, and accidents. Taragin and 
Eckhardt (1) have already investigated the 
effect of shoulder width on the speed and 
transverse placements of moving vehicles. 

Several recent studies bear on the third 
criterion, accidents. Raff (2) found "no indica
tion that shoulder width, considered alone, has 
any bearing on the accident rates." The data 
he analyzed were supplied by 15 states and 
were based on 1941 accident records on rural 
sections of the interstate highway system. Sub

sequently, Belmont (S), using California acci
dent data of 1948, observed that "paved 
shoulders six feet wide were safer than nar
rower shoulders and, also at the volumes over 
5,000 vehicles per day, safer than wider shoul
ders." These results were explained in terms 
of insufficient clearance between passing vehi
cles on paved shoulders narrower than 6 feet, 
less emergency maneuverability, and less ade
quate off-the-road parking. Wider shoulders 
were considered to have sei'ious disadvantages 
in congested traffic where they may be used 
for unsafe passing on the right. In a later in
vestigation by Belmont (4), "personal injury" 
accident rate tended to increase with paved 
shoulder width except at traffic volumes below 
2000 vehicles per day where the trend may be 
reversed. In this study, accident data were 
restricted to the injury type for the years 1951 
and 1952. In both of Belmont's investigations, 
only tangents with paved shoulders were in
cluded. 

These findings indicate that the precise re
lationship between shoulder width and acci
dents is still unclear. In one case, shoulder 
width is found to be unrelated to accidents (^). 
In another instance, shoulders of intermediate 
width are found to be safest (3). Still other 
evidence points to a direct relationship be
tween shoulder width and injury accidents (4). 
As noted by Belmont (4), this divergence in 
the findings may be attributable in part to the 
type of accident reported and to the adequacy 
of the reporting itself. Furthermore, the type 
of shoulder, whether gravel or paved, may be 
exerting a force in producing the discrepant 
results. Other uncontrolled factors, such as 
driveways, may have been influential in creat
ing these controversial results. In any event, 
it would appear inadvisable to predict the 
effect of shoulder width on accidents under 
conditions different from tliose reported above. 

The investigation described below repre
sents research by the Oregon State Highway 
Department to understand the effect of shoul
der width on non-intersectional accidents oc-
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curring on primary state highways with 2-lane 
tangents during 1952 through 1954 in Oregon. 
Only ac'cident data from sections with gravel 
shoulders were included in this analysis. Be
cause Oregon law requires prompt reporting of 
all accidents regardless of their severitj' or ex
tent of damage, relatively complete data were 
available for property damage as well as in
jury accidents. Extensive field and statistical 
controls were designed to eliminate the in
fluence of all fat^tors, except shoulders, on ac
cident occurrence. Factors controlled were 
terrain, curves, sight restriction, lane width, 
commercial and residential driveways, and 
traffic volume. Control of these conditions was 
essential in order to definitely establish the 
relationship between each of several accident 
types and shoulder width taken alone. 

P R O C E D U R E S 

Field Work 
The shoulder-width data were obtained in 

the field on routes chosen to include only rural 
2-lane Oregon state primary highways with 
gravel shoulders. Any sections which had new 
construction since 1952, the first year for which 
accident data were used in the analysis, were 
eliminated. The observers recorded measure
ments of lane width, shoulder width, and sight 
restriction, together with terrain description, 
on the field sheets. A detailed description of 
the field procedure along with a sample field 
sheet appears in Appendix A. 

The information derived from the field work 
was emploj-ed to control the effect of several 
factors which otherwise might distort the ef
fect of shoulders on accident occurrence. First, 
only those 1-mile sections were included in this 
investigation which had 30 percent or less sight 
restriction. A 1-mile section with only 30 per
cent sight restriction could have at most only 
one point beyond which the driver could not 
see and once the driver reached that point the 
remainder of the section would be clearly 
visible. By this means the influence of terrain 
on accidents was in effect controlled, since the 
exclusion of sections with sight restrictions 
greater than 30 percent virtually eliminated 
the sections with rolling and mountainous 
terrain. The second field control was that of 
lane width. No accident data were included 
for highway sections which had lanes less than 
10 feet wide. The remaining variation in lane 
width was statistically controlled. The bulk 

of the sections had 10, 11, or 12-foot lanes. In 
summary then, only those 1-mile sections of 
rural 2-lane roads which met the following 
field conditions were included in this investi
gation : 

1. Gravel shoulders. 
2. Sight restriction of 30 percent or less. 
3. Ten foot or wider lanes. 
4. Without speed zones or conditions which 

tend to reduce speed. 
5. Essentially straight and level. 
Of the 1391 miles of highway surveyed, 344 

1-mile sections qualified for further analysis 
and control. All data gathered, however, were 
retained for a later "Roadway Elements vs. 
Accidents Study." 

Accident Data 

The accident data used in this study were 
available in the Accident Analysis Section of 
the Traffic Engineering Division, Oregon State 
Highway Department. The accident records 
for 1952 through 1954 were employed. Fatal 
and non-fatal accidents were pooled at the on
set because of the relatively infrequent occur
rence of fatalities. No distinction between fatal 
and non-fatal accidents was observed in the 
subsequent analyses and interpretations. Also, 
no attempt to establish year-to-year accident 
trends was made. Instead, a 3-year summation 
of all personal injury (fatal and non-fatal) 
accidents and a similar total of all property 
damage accidents was made, thus producing 
two types of accident totals. A third total 
emerged when total personal injury accidents 
and total property damage accidents were 
combined. In this way, three accident totals 
were associated with each 1-mile section, l^ach 
total was based on a 3-year accident record 
for the particular 1-mile section concerned. All 
accident totals were developed on the I5e-
partment's I B M computing equipment. 

Traffic Volume Data 

The average daily traffic (ADT) data were 
taken from the Traffic Volume Tables for 1953 
published by the Oregon State Highway 
Department (5). The 1953 data correspond to 
the mid-year of the 3-year accident data em
ployed. An ADT value was assigned to each 
1-mile section. If more than a 10 percent 
volume change occurred within a given mile 
section, the section was excluded from further 
consideration. 

i 



H E A D A N D K A E S T N E R : A C C I D E N T S A N D G R A V E L S H O U L D E R W I D T H 561 

Because there is generally a very real rela
tionship between accidents and traffic volume, 
it was necessary to control the effect of average 
daily traffic on accidents. This control was 
especially important because a relationship be
tween shoulder width and average daily traffic 
appeared likely. This correspondence fre
quently appears at the higher volumes where 
road improvements are often designed to re
lieve the stress of excessive traffic. Widening 
of the shoulders is one form of such improve
ment. Thus, wide shoulders tend to accom
pany higher volumes. In this way, a positive 
relationship between accidents and shoulder 
width would merely be a reflection of the 
direct correspondence between accidents and 
average daily traffic. 

The control of the disruptive influence of 
traffic volume on accident data was accom
plished in two ways. First, the accident-shoul
der data were arbitrarily subdivided according 
to average daily traffic ranges. The result of 
this subdivision was the five groupings shown 
as follows: 

T H E D I S T R I B U T I O N O F O N E - M I L E 
S E C T I O N S B Y A D T R A N G E 

ADT Range 

600-
1500 

1600-
2500 

2600-
3500 

3600-
5500 

5600-
7500 Total 

Sample size 
Percent of sample 

67 
19.5 

134 
39.0 

80 
23.2 

39 
11.3 

24 
7.0 

344 
100.0 

I t is readily apparent that the bulk of the 
data available for analysis came from the low 
ADT roads—3500 ADT and lower. By study
ing the relationship between shoulder width 
and accidents within each ADT group, the 
effects of ADT on accident occurrence were 
roughly controlled. 
j T h e above control procedure is most likely 
to be efficient when the ADT range within 
each group is relatively small. However, in 
order to get samples of a reasonable size at 
the higher ADT's, a wider volume range was 
demanded. Thus, the two highest ADT groups 
incorporated a range of 2000 vehicles (i. e., 
3600-5500 ADT and 5600-7500 ADT). To 
eliminate the remaining variation in ADT 
within these groupings, a second type of con
trol was required. This second control was a 
statistical technique which will be described 
later. The effect of this technique was to re
move any possible influence that average daily 

A.O.T. RANGE 
5600 — T 5 0 0 

A.D.T. RANGE 
5600—9500 

A.O.T. RANGE 
J600 3500 

A.O.T. RANGE 
1600 2500 

A.D.T. RANGE 
600—1500 

Figure 1. T h e percentage distribution of accident 
frequency as a funct ion of average dai ly traffic. 

traffic (ADT) may have had on the accident-
shoulder relationship. 

D E S C R I P T I O N O F S A M P L E 

Accident Data 

The percent of accidents for the various 
ADT groups is shown in Figure 1. The number 
of accidents per mile section appears on the 
abscissa and the ordinate represents the per
cent of 1-mile sections having these accident 
frequencies. Average daily traffic differences 
are shown in successive vertical sections of the 
figure. Personal injury, property damage, and 
total accidents represent the types of accidents 
studied and appear in Figure 1 from left to 
right, respectively. 

Examination of Figure 1 reveals that the 
percent of sections having very few accidents 
decreased as the ADT level went up; in other 
words, as volume increased, accidents in
creased. This trend toward more accidents at 
the higher volumes was consistent for each 
type of accident. The same general trend in 
terms of accidents per million vehicle miles 
was observed (although it is not shown here). 
I t is also apparent that the range of accident 
frequency increased considerably with in
creased traffic volume. Thus, while the total 
number of accidents in any 1-mile section of 



562 T R A F F I C A N D O P E R A T I O N S 

3600-5500 
ADT Ronge 

5600-7500 
aOT Range 

600-1500 
ADT Range 

1600-250012600-3500 
ADT Ronge | ADT Ronge 

Shoulder Width-Feet 

Figure 2. T h e frequency distribution of shoulder 
widths as a funct ion of average dal ly traffic. 

5 6 0 0 - 7 5 0 0 
AOT Range 

3 6 0 0 - 5 5 0 0 
ADT Range 

2 6 0 0 - 3 5 0 0 
ADT Range 

1 6 0 0 - 2 5 0 0 
AOT Ronge 

m 

6 0 0 - 1 5 0 0 
ADT Range 

4 6 8 10 12 
Shoulder Width-Feet 

Figure 3. T h e percentage distribution of shoulder 
width as a funct ion of the average daily traffic. 

the lowest ADT range never exceeded 6 (in 
the 3-year period involved), as many as 34 
accidents occurred in a 1-mile section at the 
highest ADT. The full impact of volume on 
accident occurrence may be better appreciated 
when it is remembered that all 1-mile sections 
in each group had practically unrestricted 
sight distance, equal lane width, and were 
essentially straight and level. 

Another property of the accident data ap
pears in Figure 1. A study of the figure reveals 
the greater prevalence of 1-mile sections hav
ing more property damage accidents than in
jury accidents. The ratio of property damage 
to injury accidents was approximately 9:4. 
This relation remained quite constant for all 
ADT groups. Apparently then, traffic volumes 
did not affect the type of accident but did 
contribute heavily to the frequency of acci
dents of both types. 

Shoulder Data 

The number of 1-mile sections of each shoul
der width is depicted in Figure 2. The fre
quency of the various shoulder widths is 
presented for the five ADT groups which in
crease from left to right in the figure. Exami
nation reveals a marked tendency for shoulder 
width to increase as the ADT increased. For 
example, in the lowest ADT range the varia
tion of shoulder width was 1 to 9 feet. The 
corresponding range for the highest ADT sec
tions was 6 to 14 feet. I t would be expected 
that any operating highway network would 
have similar distributions since wider shoul
ders, wider roadways, and other improvements 
have usually been built into highways as vol
umes increase. 

In addition to depicting the relationship 
between shoulder width and ADT, Figure 2 
illustrates the differences in sample size in the 
various ADT ranges. I t is apparent that most 
of the 1-mile sections were obtained from low 
volume highways. Actually less than 20 per
cent of the sections came from roads which 
had average daily traffic in excess of 3500 
ADT. 

The shift in shoulder width as a function of 
ADT appears in Figure 3 also. This figure 
shows the percent of 1-mile sections in each 
ADT range of a given shoulder width. In the 
lowest ADT range, bottom of Figure 3, about 
70 percent of the 1-mile sections have shoul
ders less than 6 feet in width, whereas 100 
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percent of the sections in the highest ADT 
group, top of Figure 3, are 6 feet or wider. 
This prominent relationship between shoulder 
width and ADT, together with the similar 
relationship between accident occurrence and 
ADT, made it imperative that the appropriate 
controls be exercised over ADT in order to 
accurately evaluate the contribution of shoul
der ^idth to accident frequency independently 
of traffic volume. 

S T A T I S T I C A L T R E A T M E N T 

I t was the purpose of this investigation to 
determine how accidents are related to the 
shoulder widths of the roads on which they 
occur. In order to properly evaluate the evi
dence for or against such a relationship, it was 
necessary to isolate the influence of those 
roadway features which were not eliminated 
by the field controls explained above. I f such 
factors—that is, driveways, lane widths, and 
sight restrictions were not compensated for, 
it would not have been possible to attribute 
accident occurrence to shoulder width alone. 
Only after these extraneous factors were com
pensated for was it possible to isolate the 
relationship between shoulder width and 
accidents. 

There were, however, several ways in which 
this isolation could have been effected. Ideally 
it might have seemed advantageous to com
pare the accident occurrences on two roads 
which were comparaljle in all respects (e. g., 
number of commercial driveways) except 
shoulder width. While this method was theo
retically sound, serious objections to it did 
exist. First, once having established the rela
tionship between shoulder width and accident 
data, these conclusions would have been a])pli-
cable only to the particular ADT level en
countered under these conditions. In other 
words, there would have been a marked lack 
of generality in the results so obtained. Of 
greater importance, however, was a second 
practical objection inherent in this procedure. 
In the field, the likelihood of finding highway 
sections that were functionally identical in the 
features to be controlled was infinitesimally 
slight. What was needed was a technique 
which would transform the data obtained on 
dissimilar sections into data which would be 
expected to result from sections that were com
parable in all respects but shoulder width. 
Fortunately, such a conversion technique was 

available (called partial correlation). The net 
effect of this device was to take out those side 
effects, thus permitting a more perfect under
standing of the role of shoulder width in the 
causation of accidents. The results so obtained 
correspond to those that would be likely to 
occur were it actually possible to extract data 
from roads identical in all features except 
shoulder width. 

F I N D I N G S 

Figures 4 through 6 present theoretical lines 
which were developed from the accident and 
shoulder data employed in this study. The 
development of the linear equations for these 
lines of accident prediction is presented in de
tail at the end of Appendix C. These figures 
were derived from statistical measures which 
were designed to reveal the effect of one vari
able (e. g., shoulder width) on a second vari
able (e. g., traffic accidents) independently of 
the effects of other variables (e. g., driveways, 
lane width, and average daily traffic). Lines 
so developed must be interpreted in light of 
these controls. That is, fines appearing in 
Figures 4-6 are useful in that they indicate 
only the effect of shoulder width on accident 
frequency when the effects of these other fac
tors (i. e., driveways, lane width, etc.) were 
eliminated. Saying the same thing differently, 
theoretical lines were used for the prediction 
of accident occurrence on highways which were 
identical in all features save shoulder width. 

To facilitate an appraisal and better under
standing of the individual findings discussed 
in detail in this section, it is felt that an ex
planation of the manner in which these theo
retical lines should be interpreted is pertinent. 
The slope of these theoretical lines is generally 
indicative of the effect of shoulder width on 
accident occurrence when such factors as ac
cident and shoulder variability and sample 
size are held constant. There are three general 
interpretations which can be placed on the 
lines as presented in Figures 4-6, inclusive, 
to wit: 

1. Where the theoretical fines are relatively 
flat, it can be assumed that the effect of 
shoulder width on accident occurrence is 
insignificant. 

2. Where there is a definite slope downward 
to the right in the theoretical line of pre
diction, i t is indicated that accident oc-

i 
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currence tended to decrease with in
creases in shoulder width. 
a. In two instances the strength of this 

relationship was such that if there 
were no real relationship between 
shoulder width and accident occur
rence, these results would have been 
obtained less than once in 100 times. 
Such marked instances of the strong 
influence of shoulder width on acci
dents were designated in the figures 
by asterisks. 

b. In four instances the slopes of the 
theoretical lines of accident prediction 
appeared to show a strong relation
ship between shoulder width and ac
cidents. Statistically, however, these 
lines did not reflect a significant rela
tionship between shoulder width and 
accident occurrence. This lack of sig
nificance is possibly due to the limited 
size of the original sample. 

The required sample size necessary to pro
duce a significant relationship between shoul
der width and accident occurrence is indicated 
in the text which describes Figures 4-6. Thus, 
those theoretical lines which appear to reveal 
a marked relationship between shoulder width 
and accidents but are not designated by an 
asterisk represented the best estimate of the 
influence of shoulder width on accidents based 
on data available for this study. I t cannot be 

1 
1 1 

! 

1 

• — 

Figure 4. Predicted personal Injury accidents from 
shoulder width and average dally traffic. 

said that the marked slopes of these lines re
vealed the exact effect of shoulder width on 
accidents but in predicting future accident 
occurrences even these insignificant findings 
may have some practical value. 

In summary, then, theoretical lines of acci
dent prediction appearing in Figures 4-6 which 
were nearly horizontal indicated a negligible 
effect of shoulder width on accident occur
rence. Those two lines designated by an 
asterisk, on the other hand, represented situa
tions wherein could be stated rather con
clusively that shoulder width did influence 
accident occurrence. Those four lines whose 
slopes markedly differ from zero and which 
were not designated by an asterisk represented 
instances where shoulder width probably did 
exert an influence on accident occurrence (but 
here the conclusion is considerably less reli
able). 

Injury Accidents and Shoulder Width 

The possible effects of shoulder width on 
the frequency of personal injury accidents is 
shown in Figure 4. At the lower ADT's (less 
than 3600), shoulder widths did not seem to 
affect the frequency of personal injury acci
dents whereas there appeared to be an inverse 
relationship between injury accidents and 
shoulder width in the two highest ADT ranges. 
Although the slopes of the latter two theoreti
cal lines appeared to indicate a strong in
fluence of shoulder width on accident occur
rence, the latter were not statistically reliable. 
Had this same measure of the relationship 
(which is used to develop these theoretical 
lines as described at the end of Appendix C) 
been obtained with a larger sample of about 
200 one-mile sections, it could have been 
stated that injury accidents did tend to de
crease as shoulders became wider. However, 
there was no opportunity to test this hy
pothesis since all available 2-lane tangents at 
these higher volumes were included in this 
study and thus an expansion of the sample 
size in Oregon is impossible at this time. For 
this reason, accident-shoulder relationships 
included in Figure 4, though not statistically 
significant, represent best estimates on the 
basis of the available data. 

The obvious upward displacement of the 
lines in Figure 4 reflected the increases in acci
dent frequency expected at the higher traffic 
volumes. Thus, the predicted accident occur-

i 
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rences took into account the inflationary effect 
of ADT on accidents described previously 
under "Accident Data." 

Property Damage Accidents and Shoulder Width 

Figure 5 shows the theoretical frequency of 
property damage accidents as a function of 
shoulder width. Again the vertically displaced 
lines correspond to the differences in average 
daily traffic. As was the case for personal 
injury accidents, no reliable relationship be
tween property damage accidents and shoulder 
width was obtained in the lower ADT ranges 
(600 through 3500 ADT). 

However, in the ADT range 3600 to 5500, 
a very significant relationship between shoul
der width and property damage accidents 
emerged. In this case, a very reliable decrease 
in property damage accidents was found when 
the shoulder width was increased. Thus, on 
1-mile sections which were similar in all re
spects except shoulder width, it would be 
predicted that about 11 accidents would occur 
on any 1-mile section having shoulders 5 feet 
wide as compared with about 3 accidents on 
any section having shoulders 14 feet wide 
(over a 3-year period). Apparently then, 
shoulder width, or some unknown factor 
closely related to it, was definitely responsible 
for reduction in property damage accidents. 
The strength of this relationship was indicated 
by the fact that if no relationship existed be
tween shoulder width and property damage 
accidents in this ADT range, the statistical 
results obtained would occur less than once 
in 100 times. In this light, it was reasonable 
to assume that wider shoulders did reduce 
propert̂ ^ damage accidents on 2-lane rural 
tangents in this ADT range. 

Although the accident-shoulder relation
ship in the 5600 to 7500 ADT range appeared 
to parallel that of the 3600 to 5500 ADT range, 
the strength of the relationship between 
shoulder width and accident data was not as 
great in the higher ADT range. An explanation 
of the statistical insignificance of the apparent 
reduction in accident frequency with increases 
in shoulder width was sought. Subsequent 
analyses which are described in detail in Ap
pendix D provided information which led to 
the assumption that a speed factor may have 
tended to work against the advantages of 
wider shoulders as a factor in the reduction of 
property damage accidents. Because the theo-

; 1 1 1 1 

•If 

2500-3500 a DT Rang* 

• '600-3500 anr o^'-:.- • 

• 600-1500 HOT Ro-iqe 

Figure 5. Predicted property damage accidents from 
shoulder width and average dally traffic. 

retical line for the 5600 to 7500 ADT range 
does not take into account the differential 
effect of vehicular speed at the various shoul
der widths, it is difficult to assess exactly the 
influence of shoulder width on accident occur
rence in this ADT range. 

Had similar results been obtained with a 
sample size of approximately 180, the effects 
of shoulder widths on accident data would be 
clear-cut, the effects of vehicular speed not
withstanding. Thus, while the theoretical line 
for property damage accidents in this highest 
ADT range is not statistically significant, for 
any interpretation of this predicted measure 
one should bear in mind the effects of a speed 
factor which tended to operate in a direction 
opposite to that of shoulder width itself. 

Total Accidents and Shoulder Width 

The relationship between total accidents 
and shoulder width is graphically presented in 
Figure 6. As would be expected on the basis 
of the results found for both personal injury 
and property damage accident relation.ships 
with shoulder width, total accidents were un
affected by shoulder width in the lower ADT 
ranges (below 3600). 

In the 3600 to 5500 ADT range, total acci
dents were significantly reduced by an increase 
in shoulder width. This result mirrored that 
found for property damage in this ADT range. 
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1 1 N ° o 

i 

266o -3500 AOT Range 

1 
600-1500 HOT Ro'nae • 1 

Figure 6. Predicted total accidents from slioulder 
widtl i and average daily traffic. 

This result was not unlikely, in view of the 
fact that there were nearly twice as many 
property damage accidents as personal injury 
accidents. In this case it is predicted that 
about 15 accidents would occur on 1-mile sec
tions having 5-foot shoulders and fewer than 
five accidents on mile sections having 14-foot 
shoulders (over a 3-year period). Again, if 
there were no true relationship between total 
accidents and shoulder width, the probability 
of obtaining results of this type is less than 
one in 100. 

In the 5600 to 7500 ADT range, total acci
dents were not affected in the same way by 
shoulder width as in the next lower ADT 
range (3600 to 5500 ADT). I t appears, on the 
basis of the theoretical line produced in Figure 
6, that increases in shoulder width tended to 
decrease total accidents, although this ten
dency was not as marked, and the basis for 
this insignificant relationship was again sought 
in terms of the differential effects of vehicular 
speeds on this highest ADT range. Because 
the larger proportion of total accidents was 
comprised of property damage accidents, i t 
was reasonable to assume that this speed 
factor which tended to reduce the safety bene
fits of wider shoulders in terms of property 
damage accidents was merely reflected in the 
analysis of the total accidents presented in 
Figure 6. I t would be expected that had the 

differential effects of vehicle speeds and the 
various shoulder widths been removed prior 
to a graphic presentation of the accident-
shoulder width relationship, the influence of 
wider shoulders in the reduction of total acci
dents would be more apparent and possibly 
statisticalljf significant. 

D I S C U S S I O N O F R E S U L T S 

Probably the most important finding in this 
investigation was that accident frequency was 
not affected by shoulder width for the lower 
ADT highways (ADT less than 3600). High
ways in this volume range constituted the 
bulk of the rural, 2-lane Oregon primary high
ways. Even in terms of total vehicle miles, 
these roads were the most used 2-lane tangents 
in Oregon. The finding that shoulder width 
did not affect accident occurrence was sup
ported by the fact that accident occurrence 
did not seem to be related to any other road
way feature controlled in this study (e. g., 
commercial and residential driveways, lane 
width, curves, terrain, or sight restrictions). 
I t appeared then that accidents occurring in 
this ADT range were truly accidents in the 
sense that they were not causally related to 
any other single roadside feature, or to any 
combination of those factors considered in this 
study. When it is remembered that these sec
tions were of universally low volume, straight 
and level, had practically no sight restrictions, 
and all had at least 10-foot lanes, it seemed 
reasonable to attribute the accidents occurring 
on these sections to driver characteristics and 
chance occurrences rather than to any con
struction feature of the roadway itself. I t is 
also conceivable that speed could be entering 
into these results but we have no factual data 
to support this supposition. 

The second important finding, this time 
positive in nature, was a tendency toward a 
reduction in accidents as shoulder width was 
increased in the higher ADT ranges. This 
tendency was statistically reliable for total 
accidents and property damage accidents in 
the 3600 to 5500 ADT range. Because the 
total accident trend reflected the property 
damage trend, only the latter need be con
sidered here (i. e., the total accidents were 
influenced in the direction of property damage 
accidents because there were nearly twice as 
many property damage accidents as personal 
injury accidents). This observed inverse rela-

i 
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tionship between shoulder width and accident 
frequency concurs with the implicit assump
tions of highway designers who have felt that 
something must be done to alleviate congestion 
on higher ADT 2-lane roadways. In practice, 
one of the things that has been done was a 
widening of the shoulders. On the basis of the 
results of this study, it appears reasonable to 
suspect that these shoulder improvements 
actually were helpful in this volume range on 
2-lane rural tangents. 

Critical analysis of the accident data did 
not reveal which of the attendant advantages 
of wider shoulders was responsible for this 
decrease in accident frequency for sections 
with wide shoulders. Thus, it was not known 
why sections with wider shoulders were safer 
—such as the greater clearance between meet
ing vehicles as contrasted with narrow 
shoulders, greater off-the-road parking space, 
or greater emergency maneuverability. In 
any event, it was safe to assume that sec
tions of 2-lane tangents which had wide gravel 
shoulders were safer than comparable sections 
with narrow shoulders. This safety factor was 
either due to increased shoulder width or to a 
factor closely related to wide shoulders and 
appeared independently of the effects of drive
ways, lane widths, sight restrictions, and traf
fic volume variations in this 3600 to 5500 ADT 
range. 

The insignificant, though apparent, relation
ship between personal injury accidents and 
shoulder width was due to the greater varia
bility in personal injury accidents (i. e., 
greater tendency for personal injury accidents 
to vary in number from one section to an
other) . I t is conceivable that this lack of rela
tionship or increased variability actually re
flected the introduction of a second factor 
which tended to increase injury accidents on 
the sections with wider shoulders and thus 
ran counter to the increased safety benefits 
provided by tangents with wider shoulders. 
This second factor, as yet unidentified, could 
be the same one that is responsible for the 
production of the positive relationship between 
injury accidents and shoulder width found by 
Belmont in California.' Whatever this second 
factor may have been, its effect might have 
been accentuated when paved shoulders were 
considered, as was the case in the California 

2 "As shoulder widf li increases, drivers may gain an un
justified feeling of .security. Speed may increase, witli an 
attendant increase in accident rates" (number of accidents). 

study. However, until evidence of a more 
concrete nature is available, attempts to pro
pose a second factor which would tend to 
resolve the differences between the Oregon 
and California findings must remain pure 
speculation. In view of the findings of this 
study, it could only be stated that personal 
injury accidents appeared to decrease as 
shoulder width was increased but that this 
apparent relationship did not achieve statisti
cal confirmation. I t is conceivable that injury 
accidents were actually reduced by the wider 
shoulders, but one should be cautious in 
assuming this in view of the limitations in 
sample size considered here. 

The insignificance of the apparent relation
ship between shoulder width and all types of 
accidents in the highest ADT range (5600 to 
7500) stemmed from an increase in the vari-
abifity of the accident data in this ADT range. 
This time, however, there was evidence of a 
more concrete nature that a second factor was 
at least partially responsible for this greater 
variability, and hence, the lack of a reliable 
inverse relationship between accidents and 
shoulder width. Fortunately, speed checks 
were available for many of the sections in the 
3600 to 5500 ADT range as well as in the 5600 
to 7500 ADT range. Analj'sis of the speed data 
as a function of shoulder wddth indicated that 
no significant relationship existed between 
shoulder width and speed in the 3600 to 5500 
ADT range whereas a highly positive relation
ship emerged between speed and shoulder 
width in the 5600 to 7500 ADT range. These 
are illustrated in Figure 7. In other words, ve
hicles actually moved faster on 1-mile sections 
having wide shoulders than on 1-mile sections 
with narrow shoulders in this higher ADT 
range. I t was conceivable that this positive 
relationship between shoulder width and vehi
cle speed operated to reduce the safety value 
of wide shoulders that would ordinarily be 
enjoyed. Apparently then, the detracting in
fluence of increased speed on the benefits of 
the wider shoulders was partially responsible 
for the insignificance of the tendency for a 
reduction in accident frequency on wider 
shoulders. 

Other factors also may be contributing to 
this relationship. I t was also possible, however, 
that fewer accidents were actually associated 
with wide shoulders, and that this relationship 
did not become prominent in this investigation 
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Figure 7. Vehicle speed versus shoulder width . 

because of the natural restrictions of the sam
ple size at this ADT range. If the same numeri
cal index of relationship between shoulder 
A'idth and total accidents was obtained for a 
sample of 40 cases instead of the 24 involved 
here, it would then be statistically reliable. 
Again, it should be recalled that the data 
analyzed in this study exhausted all available 
sources in Oregon which satisfied the other 
criteria such as two lanes, 30 percent or less 
sight restriction, and essentially straight and 
level roadways in the time period covered. 

In summary, it appeared that the contribu
tion of shoulder width to accident occurrence 
taken by itself was generally slight on the 
lower volume roads (ADT less than 3600). On 
higher volume roads (3600 to 7500 ADT), 
wide shoulders tended to reduce accidents, 
especially property damage and total acci
dents. However, when there was a significant 
increase in vehicle speed with wide shoulders 
as was found in the 5600 to 7500 ADT range, 
this tendency for a reduction in accidents with 
wide shoulders fell short of statistical signifi
cance. In line with the findings of Belmont's 
California study (4), there appears the possi
bility that personal injury a(!cidents were af
fected by shoulder width in a somewhat differ
ent way than was the case for property damage 
accidents. At the time of this writing, the cause 
of this discrepancy between the two types of 
accidents, namely, personal injury and prop
erty damage accidents, is unknown—unless 
paved shoulders account for it. 

SUMMARY O F F I N D I N G S 

1. There was no relation between accident 
frequency and shoulder width on 2-lane tan
gents of less than 3600 ADT. 

2. In the two highest ADT ranges (3600 to 
5500—5600 to 7500), the frequency of all types 
of accidents appeared to decrease as shoulder 
widths increased. 

3. Statistically, the only reliable trends were 
that total accidents and property damage 
accidents decreased as shoulder widths in
creased in the 3600 to 5500 ADT range. 

CONCLUSIONS 

The insignificant effect of shoulder width at 
the lower volumes is not startling. In fact, 
accident occurrence was unrelated to any 
single roadway feature at these low traffic 
levels. However, in view of the significant rela
tionship of total accidents and property dam
age accidents to shoulder width in the 3600 
to 5500 ADT range, a similar finding might 
have been expected in the next higher volume 
group (5600 through 7500 ADT). That this 
expectation was not realized may be at
tributable in part to either the limited size 
of the sample or the strong tendency for 
speed to increase with a widening of the 
shoulders in the highest volume group, 
whereas no such relationships held in the 3600 
to 5500 ADT group. Actually, motorists suc
cessfully endeavored to maintain speeds in the 
5600 to 7500 ADT range at least as high as 
those recorded in the next lower volume range 
and thereby may have nullified the beneficial 
effects of wide shoulders. 

The insignificance of the relationship be
tween shoulder width and injury-type acci
dents implied that wide shoulders were not as 
effective in deterring personal injury acci
dents as they appeared to be in reducing 
property damage accidents. This differential 
effect of shoulder width on accident type 
was not in the direction of Belmont's find
ings (4), which indicated that injury acci
dents increased with shoulder width. No 
such marked hazardous effect of wide shoul
ders on personal injury accidents was en
countered in this study. This discrepancy 
may be sought in terms of the differ
ences in shoulder type (gravel vs. paved 
shoulders) and in the generally lower volume 
highways studied in Oregon. 
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APPENDICES 
A. SOURCE OP RAW DATA 

The raw data emploj'ed in this investigation 
were derived from two major sources. The first 
source was obtained by three observers working 
in the field. The second source of data was 
available in the office. A detailed description of 
the field procedures, measurements, and re
cordings wi l l follow directly. 

Field Data 
The observer'.s task was to record shoulder 

and lane widths, percent sight restriction, ter
rain description (that is, level, rolling or moun
tainous), and other pertinent remarks for each 
1-mile section along a prescribed route. The 
cars used were specially equipped with odome
ters which permitted identification of the exact 

' location at which measurements and other ob
servations were made. The odometers were 
readable to one hundredths of a mile. Previ
ously, field sheets had been prepared which 
provided ample space for the convenient re
cording of all data. Figure 8 shows a sample 
field sheet. The material in slant print was 
placed on the field sheet by the Accident 
Analysis Section prior to the observer's t r ip to 
the field. I t included a designation of the ob
server's route by consecutive 1-mile sections 
(see Column 5 of field sheet). I n addition, the 
number and location of structures, the location 
of known speed zones and reminders to check 
sharp curves were written in Column 7 under 
the heading of "Other Characteristics." The 
field data are presented on the sample field 

sheet in bold print and were obtained in the 
following way. 

At the beginning of each 1-mile section, desig
nated in slant print in Column 5, the field ob
server would record the terrain description. 
The abbreviations " L " for level, " R " for rol l 
ing, and " M " for mountainous were employed 
throughout and appear in bold print in Column 
1. At the same location in the field the observer 
would also measure the lane width and shoulder 
width to the nearest foot and record the same, 
shown in bold print in Columns 2 and 3, respec
tively. After making these measurements and 
recordings, the observer would proceed along 
the 1-mile section taking note of the terrain and 
any potential speed restriction factors in the 
1-mile section. Somewhere further on, usually 
in the middle of the section, the driver again 
made shoulder and lane measurements and also 
recorded the abbreviated description of the 
terrain. I n this manner at least two measure
ments were taken of the lane width and 
shoulder width within each mile. The mile post 
location of the first and second and any other 
points of measurement within the 1-mile sec
tion were also recorded and appear in bold print 
in Column 4. Total pavement width (both 
lanes) and both left and right shoulders were 
measured at each stop. The shoulder width was 
taken as that area which was obviously safe or 
practical for shoulder use. Generally, the dis
tance between the outer edge of the pavement 
and the inner edge of the ditch, or in some cases 
merely stable roadside surface, satisfied this 
criterion. Before leaving any particular 1-mile 
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Figure 8. Sample field sheet. 

section, the driver used the above measure
ments to estimate a more representative inde-x 
of lane width, shoulder width, and terrain 
for the section. These best estimates appear as 
the last sectional entries in Columns 1, 2, and 
3 for each 1-mile section. Since the best esti
mates were based on the mile considered as 
a whole, no location measurement for them 
appears in Column 4. 

I n addition to the above measurements and 
recordings, the driver kept a continuous record 
of the presence or absence of sight restriction. 
The 0.1-mile divisions appearing in Column 5 
of the field sheets were utilized in recording 
sight distance restrictions. As the observer 
proceeded through a mile section, special nota
tions were made concerning the location of the 
beginning of unrestricted sight (1500 feet of 
pavement visible) and the ending of unre
stricted sight. At that point which appeared to 
the observer to be the beginning of insufficient 
sight distance, a " B " was recorded (correct to 
the nearest 0.1 of a mile) in Column 5 of the 
field sheet. This denoted not only the afore
mentioned beginning point, but also designated 
the end point of pavement visibi l i ty for vehicles 
traveling in the opposite direction. The ob
server would then note the point ahead of him 
where the pavement disappeared either ver
tically or horizontally and, upon reaching that 
point, its location was also placed at the ap
propriate point on the field sheet. The letter 
" E " was used to designate this place of ended 

sight clearance for vehicles traveling in the 
direction of the observer (indicated by an arrow 
at the top of Column 5) and ended sight restric
tion for those vehicles traveling in the opposite 
direction. 

Upon the field observer's return to the office, 
he would blank out (indicated by the vertical 
lines in Column 5) any 0.1 of a mile sections 
in either direction of travel that did not have 
the required 1500 feet (0.3 of a mile) sight clear
ance. I n this manner, i t was possible to deter
mine in steps of 5 percent the amount of sight 
restriction present for each 1-mile section, and 
these determinations appear in Column 6 in 
bold print. 

Concurrently with the above measurements 
and estimates, the field observer measured the 
structures and checked the number of curves 
when these were indicated in Column 7 of the 
field sheet (slant pr int ) . The length of the struc
tures measured in hundredths of a mile and the 
width of structures measured to the nearest 
foot were recorded below the indicated struc
ture and appear on the field sheet in bold print. 
I n a similar way, the observer's tabulation of 
the number of sharp curves was recorded and 
appears in bold print also. I n those cases where 
a culvert was indicated, the observer would 
note whether the outer edge of the culvert in 
fringed upon the natural shoulder width for 
that portion of the 1-mile section. I f the culvert 
did restrict the shoulder width at that point, 
its length and width were also recorded. 

The data on the field sheets were transcribed 
i n the office onto code sheets (see Table 1). These 
field data appear on the sample code sheet in 
bold print. The terrain description presented 
on the field sheet in terms of single letter ab
breviations was transformed into a numerical 
code wherein level, rolling, and mountainous 
were designated by 0, 1, and 2, respectively. 
The other data appearing in slant print on the 
code sheet were obtained in the office and a 
description follows below. 

Office Data 
An estimate of the ADT for each 1-mile sec

tion was developed from the data of Traffic 
Volume Tables for 1953 (5). No 1-mile section 
was included in this study which had more than 
a 10 percent difference in A D T throughout the 
mile. I n addition to the A D T values, accident 
data and driveway data were availalile in the 
Accident Analysis Section of the Traffic En
gineering Division. This section provided acci
dent data for each 1-mile stretch on which 
shoulder data were available. 

The number of accidents per year in terms of 
personal in jury , property damage, and their 
total were placed on the code sheets mentioned 
above. These included intersectional as well as 
non-intersectional accidents. However, only 
the latter were considered in this investigation. 
The completed code sheet provided the follow
ing information for each 1-mile section which 
satisfactorily met the prescribed criteria for 
the inclusion in this study: terrain, lane width. 
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Figure 9. IBM card layout-shoulder study. 

shovilder width, sight restriction, A D T , and 
personal in jury , property damage and total 
accidents for each year f rom 1952 to 1954. 

B . I B M PHOCEDURE 

The data on the completed code sheets were 
then key punched into I B M cards. From this 
point on in the procedure, the code sheets were 
no longer directly utilized but were retained as 
a duplicate record. The first stage in the I B M 
computation involved developing the totals of 
each accident variety (person in jury , prop
erty damage, and total accidents) for the 3-year 
period 1952-1954. The effect of this procedure 
was to produce a total personal in jury , a total 
property damage, and a total combination ac
cident based on a 3-year period. The I B M calcu
lating punch type 602-A was employed in this 
summation in order that each total would be 
punched on the same card on which the factors 
appeared. 

Using the same piece of equipment, the sums 
of squares and the sums of cross products 
among all the factors under consideration were 
developed. The I B M accounting machine was 
employed to print the totals of each factor. By 
means of these last two operations, and with a 
knowledge of the sample size in each ADT 
range, all the information necessary for the com
putation of correlation coefficients was avail
able. Prior to these operations, however, the 
cards were sorted on the basis of ADT and 
grouped in five ranges as follows; 600 through 
1500, 1600 through 2500, 2600 through 3500, 3600 
through 5500, and 5600 through 7500. 

Figure 9 shows a sample I B M card. The type 
of information appearing there from lef t to 
right and the column so used, shown in paren
thesis, are as follows: Highway Number (1, 2); 
Section Number (3, 4); Beginning M.P. (5 
through 9); Sight Restriction (10, 11); Terrain 

(12); Curves (13); Commercial Drivewavs (14, 
15); Residential Drivewavs (16, 17); ADT (18, 
19); Shoulder Width (20", 21); Accidents (22 
through 45); Calculated Accidents Total (46 
through 63); and Lane Width (64, 65). 

With the exception of the lane-width meas
urements, the data on the I B M card appear in 
the order shown on the code sheet described 
above. 

C. PARTIAL CORRELATION TECHNIQUE 

The first step in the development of the 
higher order partial correlation was the deriva
tion of the zero order, or Pearsonian, correla
tion coefficients. The zero order correlation co
efficients were derived from Equation 1 shown 
below 

NZXY - ( S X ) ( 2 F ) 
(1) 

where: A'̂  = the number of 1-mile sections 
within the ADT range under 
investigation, 

S X = the sum of the shoulder widths 
in feet for all 1-mile sections 
in the sample, 

'2Y = the sum of the accident frequen
cies for all 1-mile sections in 
the sample, 

SF^ = the sum of the numl)er of acci
dents squared for all the 1-
mile sections in the sample, 

SX^ = the sum of the width of shoul
ders squared for all the 1-mile 
sections in the sample, 

2 X y = the sum of the products result
ing from the multiplication of 
the shoulder width and the 
accident frequency for each 
mile section in the sample. 
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As shown in Equation 1, the two sums of 
squares, the sum of cross products, the two 
individual sums, and the sample size are the 
only data required for this calculation. 

The results of the I B M computations pro
vided this information. Its insertion in this 
formula and the subsequent calculation was 
accomplished with a desk calculator. The zero 
order correlation coefficients between sight re
striction and accident type for each A D T range 
appear in Table 2. These relationships were of 
interest as a check on the advisability of setting 
a critical sight restriction of 30 percent above 
which no shoulder sections would be included. 
The correlation coefficients in Table 2 corrob
orated the assumption that 30 percent sight 
restriction would not be appreciably different 
f rom zero sight restriction with regard to its 
effect on accident data for straight and level 
2-lane rural tangents. In light of these results, 
i t was considered reasonable to rely on the field 
controls and thus omit the extra encumbrance 
of controlling sight restriction again by the 
partial correlation technique. Subsequent 
analyses then wil l deal with the removal of the 
effects of residential driveways, commercial 
driveways, lane width, i n all ADT groups, and 
the additional control of ADT variations within 
the two highest ADT ranges. 

Zero order correlation coefficients appear in 

T A B L E 2 
T H E Z E R O O R D E R C O R R E L A T I O N C O E F F I 
C I E N T S F O R T H E " A C C I D E N T - S I G H T R E S T R I C 

T I O N " R E L A T I O N S H I P S 

A D T Range Personal 
Injury 

Property 
Damage 

Total 
Accidents 

600-1500 0.056 0.023 0.040 
1600-2500 -0.002 0.027 0.020 
2600-3500 0.063 0.021 0.041 
3600-5500 0.067 0.034 0.057 
5600-7500 0.050 -0.013 0.005 

Table 3. I n this table the vaiious inter-correla
tions and their degrees of significance are pre
sented. The frequent significant effects of such 
factors as commercial driveways, residential 
driveways, and lane width on accidents point 
up the necessity of controlling these factors 
when the relationship between shoulder width 
and accidents was considered independently. 
For example, a high and positive relationship 
between lane width and shoulder width made 
i t imperative that lane width be controlled 
statistically as well as in the field. Otherwise, i t 
would have been impossible to state whether 
fewer accidents were due to the wider shoulders 
or to wider lanes. I n similar ways, the necessity 
of controlling driveways was rationalized. 

I n recognition of the possibility that other 

T A B L E 3 
Z E R O O R D E R P A R T I A L C O R R E L . V I T O N C O E F F I C I E N T S F O R E A C H A D T L E V E L 

ADT Range Personal 
Injury 

Property 
Damage 

Total 
Accidents 

Commercial 
Driveways 

Residentia I 
Driveways 

Lane 
Width 

Shoulder Width 600-1500 
1600-2500 
2600-3500 
3600-5500 
5600-7500 

-0.224 
-0.031 
-0.132 
-0.349* 
-0.224 

-0.009 
-0.102 
-0.121 
-0.623t 
-0.688t 

-0.102 
-0.091 
-0.147 
-0.681t 
-O.660t 

-0.021 
-0.028 
-0.110 
-0.433t 
-0.177 

0.035 
-0.262t 
-0.137 
-0.558t 
-0.550t 

0.690t 
0.513t 
0.370t 
0.463t 
0.476* 

Lane Width 600-1500 
1600-2500 
2600-3500 
3600-5500 
5600-7500 

-0.220 
-0.048 
-0.435t 
-0.188 
-0.347 

-0.066 
-0.039 
-0.374t 
-0.460t 
-0.387 

-0.136 
-0.061 
-0.464t 
-0.406* 
-0.432* 

-0.040 
-0.168 
-0.332t 
-0.370* 
-0.293 

-0.028 
-0.134 
-0.490t 
-0.396* 

0.103 

Residential Driveways 600-1500 
1600-2500 
2600-3500 
3600-5500 
6600-7600 

0.226 
-0.002 

0.538t 
0..300 
0.192 

0.427t 
0.125 
0.666t 
0.417t 
0.467* 

0.414t 
0.093 
0.649t 
0.412t 
0.449* 

0.184 
0.184* 
0.575t 
0.649t 
0.479* 

Commercial Driveways 600-1500 
1600-2500 
2600-3600 
3600-5500 
6600-7500 

0.076 
0.321t 
0.444t 
0.536t 
0.687t 

0.048 
0.229t 
0.520t 
0.618t 
0.397 

0.068 
0.316t 
0.586t 
0.643t 
0.648t 

Total Accidents 600-1500 
1600-2500 
2600-3600 
3600-5600 
5600-7600 

0.742t 
0.710t 
0.662t 
0.830t 
0.656t 

0.924t 
0.909t 
0.935t 
0.964t 
0.956t 

Property Damage 600-1600 
1600-2600 
2600-3600 
3600-5500 
5600-7600 

0.421t 
0.350t 
0.357t 
0.655t 
0.406* 

* Indicates that were it possible to obtain 100 samples of similar size from the same population of shoulder width, acci
dents, lane widths, etc., relationships different from zero would be expected to occur 95 times in those 100 samples. 

t Indicates that were it possible to obtain 100 samples of similar size from the same population of shoulder width, acci
dents, lane widths, etc., relationships different from zero would be expected to occur 99 times in those 100 samples. 
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factors may have overshadowed or distorted the 
real relationship between accident occurrence 
and shoulder width, the effects of commercial 
driveways, residential driveways, lane width, 
and A D T variations were sequentially con
trolled in the following way. The effect of this 
approach was to hold constant a third factor 
during the examination of the relationship be
tween two other factors. (For example, the re
lation between shoulder width and accidents 
with the effect of commercial drivewaj's held 
constant.) The index which reveals this con
trolled relationship is referred to as partial 
correlation and is designated as r^.a . Its 
formula appears in Equation 2 below (6): 

ri3)-23 

vr 
(2) 

A l l of the factors required in this formula are 
available in Table 3. For example, in order to 
understand the relationship between personal 
injury accidents (factor 1) and shoulder width 
(factor 2) with the effect of commercial drive
ways (factor 3) removed, the following zero 
order correlation coefficients would be required: 
shoulder width and personal in jury {ri^ = 

T A B L E 4 
S U C C E S S I V E P A R T I A L C O R R E L A T I O N C O E F F I 
C I E N T S A F T E R T H E R E M O V A L O F C O M M E R C I A L 
D R I V E W A Y S (4A), R E S I D E N T I A L D R I V E W A Y S 

(4B), L A N E W I D T H (4C), A N D A D T (41)) 

ADT Range Personal 
Injury (1) 

Property 
Damage (2) 

Total Acci
dents (3) 

iA—Commercial Driveways Controlled 

600-1500 
1600-2500 
2600-3500 
3600-5500 
5600-7500 

-0.222 
-0.023 
-0.093 
-0.154 
-0.143 

-0.008 
-0.099 
-0.075 
-0.500t 
-0.569* 

-0.101 
-0.086 
-0.102 
-0.439* 
-0.558* 

4B—Commercial and Residential Driveways Controlled 

600-1500 
1600-2500 
2600-3500 
3600-5500 
5600-7500 

-0.237 
-0.042 
-0.063 
-0.166 
-0.313 

-0.026 
-0.080 
-0.045 
-0.500* 
-0.489 

-0.127 
-0.079 
-0.068 
-0.441 
-0.522 

4C—Driveways and Lane Width Controlled 

600-1500 
1600-2500 
2600-3500 
3600-5500 
5600-7600 

-0.218 
-0.016 
-0.016 
-0.179 
-0.297 

0.011 
-0.097 
-0.001 
-0.459 
-0.251 

-0.048 
-0.094 

0.007 
-0.411 
-0.489 

iD—ADT, Driveways, and Lane Width Controlled 

3600-5500 
5600-7500 

-0.325 
-0.229 

-0.625t 
-0.288 

-0.602t 
-0.478 

* Indicates that were it possible to obtain 100 samples of 
similar size from the same population of shoulder width, 
accidents, lane widths, etc., relationships different from zero 
would be expected to occur 95 times in those 100 samples. 

t Indicates that were it possible to obtain 100 samples of 
similar size from the same population of shoulder width, 
accidents, lane widths, etc., relationships different from zero 
would be expected to occur 99 times in those 100 samples. 

—0.224), personal in jury and commercial drive
ways (ns = -bO.687), and shoulder width and 
commercial driveways (rjs = —0.177). Inserting 
these values in Equation 2, the relationship be
tween shoulder width and personal in jury is 
indicated hy a first order partial correlation 
coefficient of (r^.s = —0.143) which appears in 
the bottom of Column 1 of Table 4^ . In a simi
lar way, all of the other first order partial 
correlation coefficients between shoulder width 
and accident occurrence were derived and ap
pear in Table iA. 

An expansion of the partial correlation tech
nique outlined above allows the examination of 
the relationship between any two variables 
with the effects of any number of other varia
bles held constant. The general form of this 
formula appears in Equation 3 below (6): 

r 12.34-

1 (3) 

vr '•ln.34- • •( '•211.34- • • 

Thus, to obtain the relationship between 
shoulder width and accident occurrence with 
the effects of two other variables controlled, 
for example commercial and residential drive
ways. Equation 3 becomes the following: 

(4) 

vr vr '-24.3 
Here accidents were designated by 1, shoulders 
by 2, commercial driveways by 3, and residen
t ial driveways by 4. E.xamination of this equa
tion revealed that additional first order 
partial correlation coefficients were required 
beyond those shown in Table 4A. These others 
were developed from Table 3 in the same way 
as those appearing in Table 4A. By substitut
ing the appropriate values into the formula, the 
relationship between shoulder width and acci
dent data with the effects of commercial and 
residential driveways, both controlled, were 
derived. These relationships appear in Table 4S 

A continuation of the above procedure per
mitted the further isolation of the effects of 
shoulder width on accident occurrence when 
the effects of commercial driveways, residential 
driveways, and lane width were simultaneously 
controlled. The formula for the third order par
t ia l correlation coeflncient was as follows: 

>'12.34 — r\!,.znril 

vr V i -
(5) 

'•2.5.34 

Here 1 through 4 designated the same factors 
as in Equation 4 above and factor 5 represented 
lane width. Substituting the required values, 
the third order partial correlation coefficients 
were derived and appear in Table 4C. 

I t was considered worthwhile to investigate 
the relationship between shoulder width and 
accident occurrence in the two highest volume 
ranges when the variations in A D T within these 
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ranges were held constant. This statistical con
trol of volume appeared to be necessary since 
these two volume ranges contained an A D T 
range of 2000 as compared with an ADT range 
of 1000 in the three lower volume groups. Table 
41) presents the results of these analyses in 
which the effect of ADT was "partialled" out 
within each of the two highest ADT ranges. 

The level of significance of the results pre
sented in the tables above took into account 
the sample size and the number of variables in 
volved in the partial correlation. A table of the 
significant values produced by H . A. Wallace 
and G. W. Snedecor was used for these inter
pretations (7). Theoretical lines of Figure 4 
through 6 in the main part of this paper were 
based on the partial correlation coefficients 
which appear in Table 4 (C and D). The curves 
for the theoretical lines for the three lower 
A D T groups were derived from the indices 
which appear in Table 4C. The regression lines 
for the two higher volume groups were based 
on the fourth order partial correlation coeffi
cients which appear in Table 4Z). 

The regression lines were developed in the 
following way. The general form of any linear 
equation is shown in Equation 6 below. 

y = 6X -H o (6) 

where: Y = number of accidents predicted on 
the basis of X 

X = shoulder width in feet 
6 = the slope of the line, and 
a = the y intercept. 

The appropriate a and b values in Equation 6 
are derived from a partial regression equation 
which is expressed below in Equation 7. 

(X - M . ) + M, (7) 

where: r„ = the partial correlation co
efficient representing the 
degree of relationship be
tween accidents, y, and 
shoulder width, x, wi th 
variables t, u, v, w, which 
represent commercial 
driveways, residential 
driveways, lane width and 
ADT held constant 

<7„ = a measure of accident vari
ability in terms of the 
standard deviation 

o-j = a similar measure of shoul
der variability 

X = a particular shoulder width 
value expressed to the 
nearest foot 

MI = the arithmetical average of 
all the shoulder widths 

My = the arithmetical average of 
all accidents. 

When the factor r„j.(„„,„ times (o-J/CTI) is 
multiplied through by (X — M , ) , Equation 7 

becomes 

Y = r„, 

\<Tx/ 

(8) 

Comparison of Equations 6 and 8 reveals the 
first term on the right of both equations is a 
constant (6 in Equation 6 and Tyx.ium times 
ipylax) in 8) times the X value. The remaining 
terms in Equation 8 {ryuumt {<ryl<rx)Mx and 
My) may be combined to form a constant which 
is the counterpart of a i n Equation 6. A detailed 
sample of the application of the equation fo l 
lows directly. 

Given: r„ -0.602 

where: Y = frequency of total accidents 
X = frequency of shoulder width in feet 

Tyx-tuvw = a measure of the relationship be
tween total accidents, y, and 
shoulder width, x, when the ef
fects of commercial driveways, 
t, residential driveways, u, lane 
widths, V, and A D T , w, are con
trolled. 

When a value of —0.602 was calculated as de
scribed earlier and is found in the righthand 
column of Table 41) in the first row: 

<Ty = 2.923 
tTx = 5.923 where a-x and <r„ are derived from 

the raw data as follows: 

V N X X ^ - (SX)2 
N 

VN^Y" - (SF)^ 
N 

(9) 

(10) 

where: X , F, X^, F* and N have the same mean
ing as that described after Equa
tion 1 given earlier in Appendix C 

Ml = 9.795 feet, which is the average 
shoulder width in the 3600 to 5500 
ADT range 

My = 9.231 accidents over a 3-year period, 
in the above ADT range. 

Substituting these values in Equation 8, the 
regression equation becomes 

F = -0.602 
/5.923\ 
V2.923/ 

9.231 

0.602 
/'5.923\ 

(11) 

which simplified reduces to 

F = -1.22X -1-21.181 (12) 

When the various X , that is, shoulder width 
values in Equation 12, are inserted, the pre-
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T A B L E 5 
Z E R O O R D E R C O R R E L A T I O N C O E F F I C I E N T S O F S P E E D W I T H A D T , C O M M E R C I A L D R I V E W A Y S , 

A N D S H O U L D E R W I D T H 

ADT Range 
Speed and 

ADT 
(I) 

Speed and 
Commercial 
Driveways 

(2) 

Speed and 
Shoulder 

Width 
(3) 

Shoulders 
and Com

mercial DWS 
(4) 

ADT and 
Commercial 

DWS 
(5) 

Shoulders 
and ADT 

(6) 

3600-5500 
5600-7500 

-0.370 
0.228 

-0.583 
-0.499 

0.530 
0.654 

-0.801 
-0.060 

0.308 
0.100 

-0.612 
0.277 

dieted accident values appearing in Figure 6 
result. For example, when the shoulder width 
is 5 feet, the expected frequency of accidents is 
21.181 (found at the right on Equation 12) 
minus the product of 1.22 X 5 (shoulder width) 
or a predicted accident frequency of 15.08. With 
shoulder widths of 14 feet, the predicted num
ber of accidents would be obtained by sub
tracting from 21.181 the product of 1.22 X 14 
or 4.10 accidents over a 3-year period. 

Al l the theoretical lines presented in Figures 4 
through 6 were developed in an identical way to 
that described in the above example. The 
theoretical lines in Figure 7 which depict 
vehicular speed as a function of shoulder width 
employed the same technique with the excep
tion that vehicular speed instead of accident 
frequency was predicted in this instance. 

D. ANALYSIS OF SPEED DATA 

In an attempt to explain the lack of signifi
cance between shoulder width and accident oc
currence, a second factor was sought which 
might have introduced the greater variability 
observed in the accident data in the highest 
ADT range. Fortunately, speed checks were 
available for a number of the 1-mile sections in 
the 3600 to 5500 ADT range and in the 5600 to 
7500 A D T range. These data appear in Table 5. 

Of the 39 sections in the 3600 to 5500 ADT 
range, speed checks were available for 17 sec
tions. Speed checks were available for 22 of the 
24 one-mile sections in the highest volume range 
(5600 to 7500 A D T ) . The mean speed in the 
highest volume range was 54.0 miles per hour as 
compared to 53.36 miles per hour in the next 
lower ADT range. This slight difference was in
significant. I t might be important to note, how
ever, that motorists did attempt to maintain 

the same speed in the highest volume range as 
in the next lower volume range. In view of the 
fact that the mean volume (6887) is 55 percent 
higher than the mean volume in the lower A D T 
range (4431), i t appeared then that this rather 
considerable increment in ADT did not cause 
the driver to reduce the speed of his vehicle. 

In Table 5.4 there appears the zero order cor
relations between speed and volume, shoulder 
width, and commercial driveways. By means of 
these data and that of Table 5/?, the correlation 
coefficient between speed and shoulder width 
was calculated with the effects of commercial 
driveways and A D T held constant. These cor
relations were -0.039 in the 3600 to 5500 A D T 
range and -f0.676 in the 5600 to 7500 A D T 
range. The former figure of course is insignifi
cant, whereas, the latter is reliable at the 1 
percent level of confidence. I n summary, then, 
i t appears that drivers attempt to maintain the 
same speed on highways of high volume as they 
do on highways of intermediate volume (3600 
to 5500 ADT) and on the former roadways they 
tend to travel faster when the shoulders are 
wider. No such relationship between shoulder 
width and vehicular speed occurred in the in
termediate ADT range (3600-5500). I t appeared 
as a reasonable possibility that these increased 
speeds on the sections with wider shoulders 
tended to work against the safety features pro
vided by these wider shoulders. The joint effect 
of increased speeds and increased safety bene
fits from wide shoulders tended to increase the 
variability in the accident data recorded on 
these sections, thereby reducing the strength 
of the relationship between shoulder width and 
accident occurrence. Figure 7 shows vehicle 
speed as a function of shoulder width when the 
effect of ADT and commercial driveways is re
moved in the two highest ADT ranges. 




