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FOREWORD

This report describes the curvent progress of a regearch project which seeke
to determine the relationships between acqidént accurrence and varlous features

of the road an&.ro&dsidéa ‘This study is an outgrowth of the countrywide program

launched in 19&5 by the Na‘hién&l Safety Council in which each of the states in-
vsstlgatea its 1941 a001dents | -

To remedy certain inadequacles of the iata, the Michigan State Elghway Depart-
ment in 19h6 1n1t1afea “the prebent study :nrcooperatlon with the Bureau of Publlc

Roads. A TO -mile stretoh of highway on Telegraph Road (US 2&) from.the Ohic state

.liné across the western 61de of the Detroit area o Ponxiac, wag selected for

study (SeelFigure 1), -It’ﬁ&sriivi&ed ko 1000-Foot secti@ns desigﬁated_by ﬁumbered
markers, and all roadway and roaﬁSide featuées in each section were carefully invent-
oried aﬁd located Startlmg w1th 1947, State -and local pollce agencies reported all
a001dents on ‘the road with reference to the exact locatlon.of OCCUTencs .,

Two metiods were employed to analyze,the'dat&, The firsgt method was to tabulate
frequency diétributioné of ﬁociﬂents accordihg‘to thair distance from each gpecified
type of feature; from thesé distributions}'&chmulative parceﬁtages_wiﬁhin varlous

.distanqes werelcomputed aﬁd'raﬁa curves drawna The Second méthqd was tb calculate
correlation coefficients between the ﬁumber of accidenté and the number of various
design and roadside fe&turés aS'thej‘occurreQIin the seversl road gectlons.

In 1949, a repérh wag mﬂaé of the anal&sis of 1947 and 1948 accidents. The
regulte presented a clear: plcture of the 1mportance of interssctions and intersec-
tion -conditions in‘acqldsnﬁ production, However; because roadside establlshmanta
of vgrious kinds arefs;lfrequently concentrated at ‘intersection loqations, it was
founa ﬁo bhe im@oséiblé to satisfactérily.anélyze-fhé relationships of individgal
features; For that reaSOn;'the prosent phase‘of the Stu&y wag undertaken for the
rurpose of more clearly segéggating the influence of intersection traffic opera-

tion and roadside features in intersection locations,
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In the field work for this expanded study of the relatlonship between

accident occurence and the features of the roadway and &long the roadside, the
Department has worked in cloee cooperation with the Michigan State Police. The
quality of the amccident date available for analysis 1s due to the care with which

state troopers and enforecment officers from sheriff's and local police depart-

ments have recorded the locatlons of accident occurence. Thelr cooperaticn has

been helpful and is acknowledged.
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ROADWAY AND ROADSIDE FEATURES
AND ACCIDENT CCCURENCE

2nd Progress Report I j

Following the fivst analysie of the 1947-L8 accidente on Telegraph Road and

the release of reports therecn in 1949, it was fellt by many that the basic methods

‘of approach could, be improved. Therefore, starting with the basic data, the acci-

dent reports, a.re-analysls was made, In an effort to improve the methods certain

changes were made which, together with a brief discussion of each, are as follows:

1.

Certain urban sections in or near the incorporated areas of Monroe,
Flatrock, Dearborn and Pontiac totalling about 6 miles of highway,

were not included in the re»ahalysis. The cbject of this deletion -

- was to confine the study to accidents occurring in areas more con-

sigtently rural in character.
Tﬁoée‘parts of the route used were divided inte two kinds of secitiocns
ag follows: |

- Intersedtion

b. Non—Intérsection |
The intersection sectiong each included one or more major intersections;
two of these sectibns were slightly over & mile in length and included
several major. intersections. The non—interseqtion gections included no
ma jor intersections, only minor iﬁtersegtione. The average length of
the intersection sections was about 830 feet and of the non-intersection
sections about 1;680 feet. This division into two major types of section
answered the main criticism of the first analysis and at the same time

made possible a more obgective analysis of the data.

Traffic volume counts were taken at gsufficiently short intervals along

this route to measure the significant changes in traffic volume., These

were used to establish a 1948 annual average daily traffic volume for




and the numbers of each used in the second alaysis were a8 follows:

sach section included in the study. This made possible the computa-

tion of number of accidents per million vehicle miles for any section

or group of sections,

k. Several minor changes were made in the mamner of recording the accidents

in the tabulating cards. These changes were based on the sxperience

gained 1n the first analysis.

The design Teatures, roadside features, classifications of advertising signs

Nunber in Fach Kind
of sectilon

Design Features 1/ Non-Intersection  Trtersection
Intersgection 3/ 3/
Crest of Hill 18 [
Transition in Width or Arrangement of Lanes 10 36
Handrails at Bridges, Culverts, or Grade Separatlions eT 9
Culvert Posts 37 16
Guardrails 51 13

Hoadsgide Features
Private Drives 525 170
Parks - Including Roadside and Traller 33 5
Taverns 13 28
Gasoline Stabtlons and Commercial Garages 25 96
Stores L6 &7
Restaurants 26 L6
Other Establishments 2/ 112 93

Advertiaing Signs
Large and Prominent 119 62
Medium Size - 191 162
Small Size 250 261

Signs were also clasgified as Tollows:

T1luminated 58 108
Neon and Flashing Neon 68 98
Reflectorized L6 18
Miscellansous 388 261

L

Data relating to two other features, Points of Curvature and Grade Separations
Abutments and Plers, were recorded in the tabulating cards but were not used
In the analysis because of their small number.

In the second analysis "Other Establishments" did mot include any of the above
ligted roadside features as they did in the first analysis.

The nunber of individual intersections was not recorded in the second analysis.




TBM Card Forms

To facilitate computing and tabulating, the data were placed in two different
punch card forms, OF the one form, cne card wag made for each accident included
in the study. These cards contained thes usual Ildentifactory items; distance
{coded in hundreds of feet) of occurrence of acci@entufrom each.roadeide and design
feéture and from large and prominent advertising signé§ number of roadsids Teatures
(not including private drives) and mber of private drives and numbsr of advertis-
ing signs, each within 100, 200, 300, 40O, 500, and 600 feet of the accident; 1948
annual average dally 'traffié ; and a few other iteme,-

Of the second punch card form, one was made for each section; Thesge cards
contained by way of identific@tion‘the station mimber at the north end of the
section; rumbsr of accldents In the section; number of each design feature, number
of each roadside feature and number of advérﬁising'signs of Qach kind; 1948 annual
average daily traffic; and section length. Accident density expressed in terms of
number of accidents per hundred feet of sectlon leéngth and 1948 annual aversge
daily vehicle mlles were added to theée cards by means of the automstic multiplying
punch, |

All cards of both forms contained kind of section identification--intersec-
tion or non«intersection; The accldent cards contained data for aoéidents QCoUrY=
ing in 1947, 1948, end 1949, while the section cards contained dats for only 1947
and 1948, Consequently, part of the analysis and the results presented here are
baged on thrse ysars' accidenlts and part-on two years' accidents.

The second analygis proceeded in many respects the ssmes as the first. How-
ever, some of the procedures thought to have little significance In the first
enalysis were omitted in the gecond. Some new procedures were introduced in the
second analysie. The chief difference between the two analyses was the facﬁ that

in the second the data weré analyzed for the most part for intersection and non-




O

Type of Section
Intersection

Non-Intersection

Total

Table T

Comparison between Intersection snd Non-Intersectiocn Sections of

Number of Accideunts, Distance, Vehlcle Miles and Accident Rate

1948 Annual Average Daily Accidents per

1947-48 Accidents Total Distance Studied Vehicle Miles - Yegr Per Million
Wunmber  Percent 100 F&. Percent Humber Percent Vehicle Miles
1,384 70 991 29 213,59 30 8.88

581 30 2,h12 71 500,821 70 1.60

1,968 100 3,403 100 Tk, 416 100 3.77




intersection sections separstely.

As in the first analysis, so in this, the analysis and the conclusions drawn
therefrom are based on the philosophy that, regardless of how much data are avgil-
able, the precise cause of accidents cammot be positively determined. One can only
record and study a limited mwber of conditions under which accidents have been
reported to occur. However, by tabulating fthe data in many ways one can compute
various statisticé and carry oub other analytical procedures in the hope of obtain-
ing & clearer plcture of the extent of relationship, if any exists, between the
occurrencerof accidents and the conditions studied. The purpose of this analysis was
to do just this,

Table T

The fifst analysis pointed clearly to the seriousness of the intersection
situatién along this route. The.second analysis emphasizes it still more. The few
figures in Table I will show at a glance that intersection sections have a much
worse .acclident experience than non-intersection sections. The former occupy only
29 percent of the distance under study and generate only 30 percent of the vehicle
miles, yet TO percent of the accidents occurred here. The accidgnt rate on these
intersection sections is extremely high-8.88 accidents per year per million vehicle
miles. The accident rate on the non-intersection sections is 1.60; this figure
compares fTavorably with that found for all Michigan rural state trunklines with high
type surfaces of all widths in 1936-4l. The latter rate was 1.68.

Tables IT and ITIT

This analysis attacked the problem first from the angle of proximity of acei-
dents to design and roadside feabures including large and prominent advertising
signs. TFregquency distributions of the distancé (in increments of 100 feet) of
accidents from each of the various featvures were tabulated. The numbérs of accideunts
in each such distribution were divided by the appropriate tobal number of features

to obtain the muwber of accidents océurring in three years (1O4T7-48-49) per feature




) Table 1T
Rate of Occurrence of Accidents per Feature per 100 Feeld
Intersection Sections

Group I - Maximum Rates Exceeding 8.0C

Gasoline
Crests Stations & _

Distance of Inter- Commercial Hand-
(Feet) Hill Sections Garages Taverns Restaurants Parks rails
0-99 29.50 1k, 97 12.38 11.96 10.31 2.80 2.00

100-199 5.33 1.95 1.69 14,61 7.15 4,60 2,67
200-299 k.33 0.68 0.67 2.64 3.1 7.60 5.33
300-399 8.83 0.20 0.49 1.18 1.87 1%.20 7.67
h00-500 . 8,00 0.03 0.42 1.07 1.22 6.80 9.00
Group IT - Maximum Rate Between L.0l and 8,00
- _
Other

Distance Guard- Estabhlish- Transition
(Feet) rails Stores ments in Width
0-99 7.92 6.51 5.30 L. 6k

100-199 5.85 3.69 i, kg 5.28

200-299 6.26 1.70 2.32 1.25

300-399 37T 2.19 1.89 0.9%

400-500 : 2.92 0.88 0,8k 0.92

Group IIT - Maximum Rate Never Excseding k.00

Large and
Pistance Prominent Culvert Private
(Feet) Signs Posts Drives
0-99 4.00 3.06 1.70
100-199 2.h2 : 1.69 2,18
200~299 1.13 1.63 1.75
300-399 Q.77 0.94 0.86

L00-500 1.48 1.69 ©0.79




Table IIT

Rate of Occurrence of Accidents per Feature per 100 Feet
Ton-Intersection Sections

Group I - Maximum Rate Between 2.01 and 3,00

Gasoline
- Stations &

Distance Commercial

(Feet) . Taverns Garages Restaurants

0-99 2.77 2.08 2.0
100-199 1.62 1.12 1.65
200-299 1.54 1.9 1.77
300-399 2.15 1.84 1.15
L00-500 1.31 2,36 0.96

Group IT - Maximum Rate Between 1.01 and 2.00
Other Creats

Distance Establish- Guaxrd- Transition of s

(Feet) ments rails Stores in Width Hills Handrails

0-99 1.68 ] 1.67 1.5h 1.20 1.17 1.07
100-199 0.72 0,39 _ 0. Th 1.50 0.78 0,81
200-299 o 0.46 0.37 0.89 1.30 ' 0.56 0,81
300-399 0.37 0.16 1.00 1.40 0.50 0.85
L00-500 0,31 0.h5 1 0.96 1.80 1.00 0,56

Group III - Maximum Rate Never Exceeding 1.00

, Large and

Distance Culvert Private Prominent
(Feet) Posts Parks Drives Sipns
0-99 0.92 0.82 0.69 0. 47
100-199 0,51 0.6k 0.31 0. 4h
200-299 c.78 C0.67 0,15 0.45
300-399 0.73 . 0.73 0,12 0.46

100-500 0.62 0.58 0.09 0.29




in each 100-foot increment of distance from the feature. This was done for the

intersection and non-intersection sections seperately. The results are shown in
Tables II and IIT, These results are not comparadble to those in the first analysis
hecause they are for 3 years instead of 2 and for two kinds of sectlons separately.
The features have been_aiyided into 3Igroups in éach of Tables II and I1I accord-
ing to maximum rates a#ﬁainéd. B 7

These two‘tables_clearly demonstrate the vast difference between interssction
and non-intersection sectionﬁ. The intersection secﬁioné have rates of ocourrence
thet are consistently much higher than those of the non-intersection sections.
Attention is called to thg raplidity With which therrates for gsome of the features
in Group I of lntersectlon sectlons fall off as compared to that for the same fea-
tures in the non-intersection sections. The-variation of the rates smong increments
of distance 1s much less for the same feature in the non-intersection than in the
intersection sections. Tables II and IIT show the effect of the concentration of
features about intersections. Undéubtedly hillcrests and intersections are bad
combinations,

Correlation Coefficlents

The problemiwaé next attacked by ﬁay‘éf the correlation coefficient. This
coefficilent im & relative mweasure of the amount of assoclation between one variable
and one or more other variables. The amount of association is measufed on a scale
ranging from -1 to /1. It 1s an abstract number free of any unit of measure. If
two variables are perfectly assoclated; 1.e., if one varies directly as the other,
their correlation will be exactly one. Or if one varies inversely as the other,
their correlation will be exactly -1. If one varies with pefect randommness with
respect to the other, their correlation willlbe Zero. Gr&phiéally this means that
1" one variable 1s plotted against the othsr,‘énd all the pointe 1lie on a stralght
line, the correlation between the fwo will be /l or —i,_depending upon whether the
line has & positive or negative slope. The correlation coefficient provides a more

objective method of approach than that of the proximity of features method.

10




Table IV

The cofrel&tion coefficients were computed from the data recorded in the sec~
tion cards of which, as explained above, there was one for each intersection
seétion and one for e&ﬁh non-intersection section. They are tased on the accidents
for the two yearé, 1947-1948, There were 119 intersection and 144 non-intersection
sections. All cqrrélation coefficienﬁs were computed for each kind of ssction
geparately. Thé.borfelation betwesn ﬁcci&ents and the several design fealures, road-
slde features and advertising signs are shown in Table IV,

Most of thesse coefficients are higher for intersection than for non-intersec-
tion sections. Notable exceptlons are cu}vert posts, large and promlinent signs
and feflectorize@ signs. Considering each kind of Teature or advertising sign in-
dividually, the difference between the corrslation coefficients for. intersection
and non-interséction,3ections is hardly significant in most cases. But using the
method of weighted average correlation coefficients, it was found that the associa-
tioh of accidenta With.these features and'&dvertising signs combined is very
significantly greéter in intersection than in non-intersection sections. By the
seme procedure design features énd advertising signs show no significant difference
between the two types of gections while roadside featurss show a highly significant
difference, From this we carn safely conclude that:

l,'-AcGidenté are assoclated with design featurss to about the same extent

in both intersection and nom-intersection sections. I

2. Accidents are ssgociated with roadside featurss ﬂignificantiy more in

| intersection sectliong than in non-intersection sections,

3. Accidentis are_associated with advertising signs to about the same

exten£ in both intersection and non-intersection sections.

Nearly all the correlsation coefficients for design features are too smell to

be given serious consideratlion. Many are insignificantly smwall. The importance

of crests of hills indicated by the proximity study does not appsar in the
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Table IV

Correlation Coefficients of Aceidents with Features and Advertising Signs
for Non-Intersection Sections and for Intersection Sectlons

Features Correlated with Accidents
Deslign Features:
Crest of Hill
Transition in Width or Arrangement of Lanes

Handraills. at Bridge, Culvert or Grade Separation

Culvert Posts
Guard Rails
Wolghted Average

Reoadside Features:
Private Drives
Parks
Tavernsg
Gas Stations and Commercial Garages
Stores
Regtaurants
Other Establishments
Welghted Average {excluding Private Drives
and Parks)

Advertiaing Signe:
lLarge and Prominent
Medium Size
Small Size
Tiluminated
Neon and Flashing Neon
HeTlectorized
Miscellaneous
Weighted Average

1948 Anmual Average Daily Vehicle Miles
Section Length

Multiple Correlations:
Design Features
Roadgide Feature Less Private Drilves and Parks
large, Medium and Small Advertising Signs
Iilluminated, Keon and Flashing Neon, Reflector-
ized and Miscellaneous Advertising Signs |

¥Ingignificantly small

12

Correlation Coefficient

Non=-
Intersection Intersection
-, 000% 3Th
. 016% . 206%
L 16k .197*
.353 ~.137%
L131% L21T7*
.129 .228
513 .26k .
455 , 160%
.313 698
A2 666
321 526
;438 651
ks .T20
.393 657
418 367 o
597 - .578 oy
Lh8p .695 : )
.561 .588
b8 660
.30h ,130%
.18k .559
L7e 530
680 .T20
L7190 L6871
.393 480
640 .859
.606 . 710

.635 758




correlation coefficient because of the very small number of this feature. Never-

theless, they do show greatér association in intersection sections than any other
design feature and are not to be ignored. Generaslly speaking, the association of
accidents with design features is significantly less in both kinds of section than
the association of‘accidents with roadside features or with advertising signs.

The diffeience between the association of accidents with roadside features
{not including private drives and parks) and of accidents with aévertising signs
is hardly significant in the non-intersection sections. This difference is highly

significant in the intersection sections where the accidents are associated with

roadside features (not including private drives and parks) very much more closely
. ‘than with advertising signs.
| In computing the correlation coefficients, as well as in this discussion of
them, private drives and parks are not included in the general term "roadside -
features". Although it is true that these two features are roadside features in
one sense and are included under roadside features in Table IV, it was desired to
treat commercial establishments only as a separate group. The term "roadside
features" has generally been used for commercial establislments as a group.

It is worthwhile to note that accidents are significantly more closely asso-
ciated with private dri#es and parks in non-intersection than in intersection
sections. In Tact, these two are more closely assoclated with accidents than are

any of the other roadside features in intersection sections.

In s8ll fairness to design and roadside features and to advertising signs,

accidents were correlated with 1948 annual average daily vehicle miles and with

section length. These coefficients are shown in Table IV. Thﬁt there is litile
difference betweén the assoclation of accidents'wifh vehiecle mwiles and wifh sec-
tion length is notlsurprising since one is a fﬁnction of the other. While it is
true that vehicle miles and section lengbh are much more closely associated with

accidents than are roadside featuree and advertising signs (according to the

13



weighted average coefficlents of the latber), it 1s also true that section length

ig as clossly or more c¢losely associated with roadsids features and advertilzing

signs then are accidents. The following table shows the correlation among accidents,

section length, vehicle miles, roadside features and advertising silgns:

C Tatal Total
Roadslide Advertiging Vehicle Section
Features ;/ Signg Miles Length
Hon-Inbersection Secticons -
Accidents «393 A72 680 719
Section Lengbh <353 , 565 - -
Intersection Sectiong -
Accidents 657 530 .T720 L687
Section Length LT3 JT59 - -

This means that, In the non~intersection sectlons, accidénts tend to be some-
what evenly aistfibuted spatially along the study roubte withoult much regard for
roadside features and advertising signs. Roadside fe@tures and advertising signs
are not so evenly distributed spatially along the study route, but tend to be
grouped. At the same time, accidents are occurring more ¢losely associated with
section length, and hence vehicle miles, than with roadeside features and advertis-
ing signs.

In the intersection sectlons, accidents again tend to be somewhat evenly dis-
tributed with respect to sectlon length. Butb here the roadside feabures and
advertising éigﬁa are rmch more evenly digtributed with respect to section length;
the assoclation 1l significantly higher than in non*intarﬁection.sections, At the
peme time the assocletion of accidents Wiﬁhlroadside features has risen gignifi-
cantly over that Tound in non-intersection sections. The asséci&tion of accldents
with advertising slgns has slzo risen appreciably, although not by a statisbically
gignificant amount.,

A1l this ig not to belittle the lmportance to accident occurrence of vehicle
miles generated, but to point out that.accidants, roadgide features, adVertising
gigng and vehicle mlles appear to be inteflocked¢ To completely isolate these

various cross-infliuencesis a very difficult problem. It has been one of the
1/ Less private drives and parks.

. 14




primary aims of the analysis to bring about this isolation.

In order to more completely exhaust the possibilities of the correlation
coefficient, multiple correlations were computed. Mnltiple correlation permits
measuring the associgtion of one vafiablé With tTwo or more other variables simul-
taneously. It permits the independent variables to exe;'t their influence jointly
upon the amount of associsbion existing. Multiple correlation coefficients for
accildents with design features, roadside features less private drives and parks,
advertising signs classified by size, and advertising signs classified by type of
lighting were computed for each kind of section. These are shown at the botiom of
Table IV. These coefficients are mucﬁ higher than the corresponding single coeffi-
cients because they reflect the additive effect of fealures and signs. Accident
6ccnrrgnce is much mbre closgly.associated with all roadside features or all adver-
tising signs than with any one kind of feature or sign individually. The saﬁe is
also trﬁe fof deaign features., These multiple coefficlents substantiate very well
the findings from the simple coefficients.

The very high multiple correlation of 0.559 between accidents and roadside
features in intersection sections is the most significant point in the correlation
phase of this analysis., The coefficients of 0.710 and 0.758 for accidents with
advertising signs rank second in this respect. |

The difference between the coefficients for advertising signs classified by
size and by type of lighting is not significant in either kind of section.

Table V

While the use of correlation coefficients makes possible a somewhat more pre-
cise analysis and one whose results can be tested for significant differences, the
results are more difficult to interpret properly and explain in writing. There-
Tore the problem was again'attaéked.by the method of accident density. In each
section cérd the total number of accidents occurriﬁglin the two years, 1947 and

1948, was divided by the sectioﬁ'lengfh in hundreds of feet. Thﬁs accident density
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Table V.

Percent of Section Length and Accidents and Number of Roadside Features
and Advertising Signs Per 100 Feet
For Each of Five CGroups of Accident Density
Accident Density (Wumber of Accidents per 100 Fi, ) \
s Hone 0.01L-0.49 0.50-0.69 1.00-%.99 00 & Up Tobal
Intersection Sections : '
Section Length (percent) L.4 18.5 28,5 W8 3.5 100.0
Accidents (percent) 0.0 .0 14.8 1.1 20.1 1006.0
" (nwmiber per 100 feet)
Private Drives 11k .208 .262 2115 »053
Taverns -0- -0- LOLh LOk1 .158
Gas Stations & Commercial Garages O .O1L . 092 .115 448
Stores .023 LOL6 060 .088 .184
Restaurants -o- ~O= L ok6 . 065 .105
Other Establishments .023 . 027 . 082 .128 184
Total Roadside Features .0h5 . 054 .20k 437 1.079
large & Prominent Signs -0= .055 . 060 LO77 .026
Medium Sized Signs . 068 . 087 .160 .185 421
Small Signs .Ol5 . 082 .308 .290 .T37
= Signs Illuminated or Reflectorized .023 .033 216 275 .895
Signs Not Illuminated or Reflectorized 001 .101 . 312 277 .289
Total Signs L1k 224 .528 .552 1.184
Non-Intersection Sections o o
Section Length {percent) 10.4 81.2 7.8 0.6 -0- 100.0
Accidents -0~ Th.T7 20,2 5.1 -0- 100.0
(number per 100 feet) '
Private Drives LA71 .220 261 143 -0-
Taverns O .00k .021 LOTL -0~
Gas Stations & Commercial Garages . 008 .009 .027 071 O
Stores . 008 .015 . 06k J143 -0-
Restaurants -0~ .00 L016 21k ~0-
Other Establishments 02k .039 117 572 -0-
Total Roadside Features ,0kO 077 245 1.071 0=
Large & Prominent Signs .0ko .051 LO48 Meysh 0=
Medium Sized Signs . 056 079 .096 .286 -0-
Small Signs .068 .101 .19 .500 -Om
Signs Illuminated or Reflectorized .028 068 .122 .571 0=
Signs Not Illuminated or Reflectorized .135 .162 L170 286 “Om
Total Signs ’ 163 .23L .293 857 ~Om




15 the mumber of accildents per hundred feet of section length. The several items

pertaining to accidents, section length, features, slgns and vehicle miles were
tablulated by accident density. From these tabulations percent of section length,
percent of accldents, density of roadside features, and density of advertising

signs were computed for each of five accident density groups. This wes done for

each kind of section separately. The results arve shown in Table V.
In this table, attention is called first of all Yo the almost perfect con-
sistency with which roadside feature density ahd advertising sign density increases

a8 the accident density increases. Although 1t Indicates only a general trend rather

then specific relationships, it does lend considerable support to the correlaticn

¢oefficienﬁa of Table IV. One might sey that It explains in a way the coefficients

of Teble IV, It is worthwhile to note the difference in the various types of
Teatures and signs between the two kinds of section at the same accident density

level. Table V explaing the relatively low correlation of accidents with private

drives and large and prominent signs iﬁ intersection sectlons..

The percentages of sectlon length and acecidents by aocidenﬁ densily groups
indicate clearly the smeriousness of the accident gltustion in intersectlon sections
a8 cgmp&red to that in non-intersection sections. For example: In the intersection
sectiong 81.2}percent of the accidents occurred at accldent densities of 1.00 or
MNOLE while‘iﬁ the non-intersection sectiong only 5.1 percent of the accidents
acourred at accident densities of 1.00 or more. |

Table VI is presented to show the nature of the relationship between sccidente
and traffic volumes. Accident rates and accident densities are shown by 1L000-
vehicle inﬁremenﬁa of 108 annual average daily traffic volume, These data fail
to show any evidence that aooident ;ates or accldent densities incresse glgnifi-
cantly as trafflic volumes increase on the Btudy roﬁte. The correlation coefflcients
of traffic volumes with sccldent rates and with accident densities are shown atb thé

hothom of Table VI. Only one off these four correlations ie significantly large.
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Table VI

Accidents per Year per Million Vehicle Miles and Accidents per Hundred Feet }/ in Each Kind of Section
by 1948 Annual Average Daily Traffic Volumes

1948 Annual Accident Rates ' Accldent Densities

Average Daily Intersection Non-Intersection ' Intersection Kon-Intarsection
Praffic Volumes Sections Sections Bections Sections
5,000 - 5,999 - 15.65 1.6L 1.23 0.13
6,000 - 6,999 10.18 2.73 0.90 0.25
7,000 - 7,999 9.kg 2.86 0.98 0.29
8,000 - 8,999 8.02 1.95 0.92 . O.22
9,000 - 9,999 8.05 1.64 ' . 1.07 0.21
10,000 -10,999 6.73 1.77 0.98 0.26
11,000 -11,999 9.22 .74 1.48 0,28
12,000 -12,999 2.39 0.95 0.43 ©0.17
13,000 -13,999 9.79 1.61 1.87 0.31

ot 14,000 -1h4,999 7.95 1.18 1.61 0.24%
15,000 -15,999 9.56 1.15 2.05 - 0.25
16,000 -16,999 18.38 2.3k4 4,23 0. 54
17,000 ~17,999 2/ 2/ 2/ 2/
18,000 -18,999 2.67 0.85 0.69 0.22
19,000 -19,999 L.88 1.13 1.32 0.30
Correlation with 1948
Annual Average Daily -
Traffic Volumes -0,302 -0.609 0.365 0.419

}/ In two years

g/ No traffic volumes in this range on the study route.




Thig is the one for accident rates with traffic volumes 1n the non-intersection

sectbions, end since it is negeative it indlicates a tendency for the accldent rates
to decrease ag traffic volumss increase,

Tahle VI ié not meant to end a controversy. It is meant only to show the con-
ditions relative to accidents and traffic volumes existing on the route under
gbudy.

Figure IT .

Plgure IT shows accident rates and roadside featurss per 100 feet by number of
lanes and surface %idth, along the entirse gtudy route {except those sections
omitted in Monrde, Flatrock, Dearborn and Pontiac). The figure also shows the 1948
annval average dally traffic volume along the route,and the principal intersecting
routes. The filgure ig drawn to scale along the route, '

From this filgure it is clear that the northern portion of Telegreph Road,
gtarting ot ebout the north junction with US-25, 1s much worse than the southern
portion. This is true not only in texrms of accident rates, but also in terms of
nupber of accidents. About 66.5 percent of all accidents in 1947-48 on those parts
of Telegraph Road included in this study occurred no?th of the north Jjunction with
Us-25, This portion contains 51.7 percent of the total length of the study route.
The mmamber of read&ige features per 1l00 feet south of the north junction with
US-25 1s 0,122, while north of this junction the Ffeature density is 0.200 - almost
double that on the southern portion-of the route. This ciose aasociation between
accident rates and denslty of roadside features is shown.

This figure shows why the corfel&tidn coefficients between accident rates and
traffic volumes (shown in Table VI) were negative, The portion of Telegraph Road
lying betwsen the two junctions with US-25 has the highest traffic volumes to be
fournd along the route - reaching a peek of over 19,000 vehicles per day. Yet this
same portion of the route hes the lowest sccldent rate to be found along the route

except for a short dlstance between M-151 and Dewar Road. The portion of the
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rovte lying north of 8 Mile Road (M-lOE) has the lowest traffic volumes and yet has
& ralatively high sccident rate.

Thore appears to be litile relationehlp between mumber of lanes &nd accldent

rete. For any spparent trend in this respect there can be found an exception.

Thers is much more relatlonshlp between number of lanes and traffic volume. Thig

is clearly shown by Figure II. Generally speeking, the L-lane portions carry h;gher
traffic volumes than the 3-lane portlons which in turn carry higher volumes than
the 2-lane portion.

An asmpalysis of accidents occurring in 1936-41 on Michigan rural state trunk-
lines with high types surfaces vrevealed that when a 2-lane road was loadgd beyond
about h,OOO_vehicles per day the accldent rate increased sharply. This fact is
very well substantiated by the 2-lane portion of Telegraph Road lying between 8 Mile
Road and Long Take Road., This portion has traffic volumes which are very low cam;
pared Lo the remainder of Telegraph Road, but they are far beyong the criticel 4,000
vehicles per day, and the accident rate of 4.9k is smong the highest along the route.

Tables VIT and VIII

The question has come up repeatedly as to whether lntersections are hazardous
gimply because they are intersections or whether they are haéardous because road~
side features are bullt up around them. To answer thls gquestion the intersection
sections were divided into three groups of rosdside feature density (number éf
roadside features per 100 feet). For each group there was tabulated the mumber of
sectioné, accldents, rosdeide features and advertising signs, section length and
1948 annual aferage daily vehilcle miles., These are shown in Table VIio Then for
each roadside feature density group there was computed percentage of accildents,
roadside features, advertlising signs, section length and 1948 annuai average daily
vehicle miles; accidents per 100 feet and accidents per year per million vehicle
miles. These are shown in Table VIII. Both these Tables aré‘based only on intefm_

gection sections.
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Table VIT
Number of Sections, Accidents, Roadside Features, Advertising Signs; Section Length,
: 1948 Annusl Average Daily Vehicle Miles
For Each of 3 Groups of Roadside Feabture Density

Intersection Sesctions

Roadside Feature Density NUMBER OF : Section 1948 Annual
(Number of Roadside - ' Roadside Advertising Length Average Daily
FPeatures per 100 Feet) Sections  Accidenmts Features Signs (100's of Feet) Vehicle Miles

~0- \ L6 139 -0- SN 277 . 50,899

0.00L - 0.399 50 T30 179 252 Lk 110,373

0.400 - and up 23 515 151 192 220 52,324

Total 119 1,38k 330 485 ' 991 213,596




Table VIII

Pe—rcent of Aceidents, Roadside Features, Advertising Signs, Section Length, 1948 Annual Avera,ge Daily Vehicle Miles;
Actidents per 100 Feet and Accidents per Year per Million Vehicle Miles for Each of 3 Groups of Hoadside Feature Density
Intersection Sections

PERCENTAGE OF Accidents per

Roadside Peature Density ‘ Section 1948 Anmual Accidents Year pevr
(Number of Roadside Roadside Advertising Length Average Daily per Million
Features per 100 Feet) Accidents Features Signs (100's of Feet) Vehicle Miles 100 Feet  Vehicle Miles

3 -0 - 10.0 -0 - 8.4 28.0 23.8 0.50 3.7k
0.001 - 0.399 : 52.7 5i+ 2 52,0 49.8 5L.7 1.8 : 9.06
0.400 and up 37.2 45.8 39.6 22.2 2k, 2.3k 13.48

Total 100.0 100.0 100.0 100.0 100.0 1.h0 8.88




In the first roadside feature density group containing no roadside features
of any kind, 2800 percent of the sectién length and 23.8 percent of the vehicle
miles, thers occurred only 10.0 percent of the accidents. This group containsd at
least 46 intersections. On the other hand, the last roadside feature density
group which accounts for only 22.2 percént of‘the sectipn length and 24.5 percent
of the vehicle miies of travel contained h5°8‘percent of the roadside features and
37.2 percent of the accideﬁts;l The last two columns of Table VIIT show the rapid
increase in accident density and accldent rate as roadside feature density is in-
crassed, These ‘two columns furnish the answer to our question., Intersections are
hazardous in themsslves as indicated by the accident rate of 3.74 in 46 intersec-
tion gections containing no roadaide features. Congidering the manmer in which
accident densiﬁy and accident rate increases as roadside feature density increases,
it 18 evident that Intersections are not only hazardous In themselves but that they
become much worse as roadside.featurés are buiit up around them,

Table IX | |

Another approéch was made to the problem of accidents'and roadslde fealures
by the way of frequency distributions. Accidents for the thres years 1946, 1047
and 1948 and all roadside features except private drives, were used. The data for
both kinds Of-sections were combined. Frequency distributions of number of acci;
dents and of number of 200-foot uﬁits of distances by mumber of roadside features
{less private dfives) were constructed. Two other similayr pairs of freQueﬁcy
distributions were constructed~—§ne fof 4oo-foot units of distance and one for
600-foot units of distance, The 400-foot unites overlapped 200 feet and the 600-foot
units overlapped 400 feet., The purpose of this oveflapping wag to obbain the same
mumber of units of dimtance in all three palrs of distributions.

Then for each of the three pairs of distributions the number of gccidents
wag divided by the number of unite of distance at each number of roadslde features,

The resulis are shown in Table TX.
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Accidents per Unit of Distance by Number of Roadside Features 1/

Number of
Roadside
Features

LR O

b or more

(2%

6 or more

T

8 or more

Table IX

Accidents per Unit of Distance

200-¥Fo
Units

0.813

2.31
6,51

6.56

- 40,38

51.11
111.00

1/ Less private drives.

ot ' LoO-Poot

Units

0.730
1.59
2,69
3.66
9.54
14,33
14,94
2k, 30
29.08
14,00

25

600-Foot
Unite

0,722
1.27
1.98
2.70
L.39
8,78

10.31

- 13.2%

01,10

10.36
20,67




Teble X

Partial and Totel Correlation Coefficients of Accidents with Roadside
Features for Non-Intersection and for Intersection Sections

Non-Intersection

Interssction
Sections

Pentures Correlated with Accldents Sections
Total Partial
Taverns .313 .303
Gas Stations and Commercial éarages Jihe 205
Stores \321 L034
Restaurante 438 .198
Other Establishments ‘ k3 .300
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Total Partial

698 .510
666,350
526,161
-,651L  L,105
720 .313




Attention is called to the perfect consiatency with which the number of acci-

dents decreases as the unit of distance increases from 200 feet through 600 feot
for a Pixed mmber of roadside Teatures. The implication of this 1g that the
smaller the concentration of roadslds features, the smaller will be the number of
accildents.,
Table X

Wo come now to a part of the anmalysis which the reader may accept or reject
-as he likes. This part has to do with a phase of correlation not too frequently
used. It ig called ﬁ’.'peswt:ial" correlation. Heretofore we have used only "total”
correlations, whether single, multiple or welghted average.

The meaning of paytial dovrelation and its possibilities may best be explained
by an examplén If three or more variables are related, the qorrelation between
any two may be unduly increased or decreased by the correlation of the third with
each of the two. It 18 posslble by means of partial correlation to compule the
correlation between any two of them with the effect of the third eliminated oxr ileld,
consbant. In other words, the partial correlation measures the effect of one
variable in ite own right upon. 4 second variable and independently of the effect of
a third or other varlables.

It should be pointed out that partial correlation implies cause and effect.
There is no point in accepting and using partinl correlation unless one ia wllling
to aduit the existence of a system of caussality among the variables correlated.,
Alpo, it sghould be polnted out that such an admission is COntrarj to the philosophy
of the imposaibility of determining accldent causes stated at the beginning of this
report.

More than one variable may be eliminated from the correiation of two others;
but as the mumber of variablgs eliminaﬁed increases, the computations increase rapld-
ly.

Since accidents are closer asscoclated with roadside features (excluding
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private drives aﬁd parks) than with design features and advertlsing signs, the
decision was made to apply partial correlatlon to this part of the data. Therefore
the partial correlation cosfficients of accldents with each of the roadeide features,
taverns, gas sgbations and commercial garages, stores, restaurants, and other esta-
blighmente were computed holding the other four roadside features constant in each
instance. This was done Tor both kinds of section. The results are showm in
Table X along with the correéponding total coefficients from Table IV,

Table X shows that iﬁ non-intergectlion sections the sssociation of aceidents
with Taveins and Other Bstablishments iz not materislly reduced whenlin‘each
instance the effect of the other four festures ls sliminated. By contrast, the

asgoclation of accidents with Gas Stations and Commercial Garages, Stores, and

Resbaurants is tremendously reduced when in each instance the effect of the other

four features 18 elimineted. In the interssction sections only Taverns 18 not mat-

erialiy rednced wheﬁ‘ths effect of the other four: roadside features is eliminated.

Therefore, if one is willlng to admit that fpa&si&e Teatures and accldents

are a case of cause and effect, the conclusion to be drawn from Table X is that
taverns in both kinds of section and other establishments in non-interssction

sections are making s material contribution to the production of accidents on the

study route, While gas stations and commercial garages, stores and restaurants
in both kinds of gection, and other establishments in intersection sections maks
only & very small contribution to the production of aceldents.
CONCLUSTON
The contiming analysis of data has provided further evidence of the serious-

ness of the accldent hazards at intersections as compared with other portions of

the highweys. It indicates that these locations are approximately five times as
hazardous as the sections between and it gives further proof of the dangsr of con-
centrations of features around intersections,

In working toward the principal objective of the present phase of this ansly-
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sis - the segregation of intersections from the roadside features at intersections
=« definite progress has been made. It is now clear that the intersections them-
selves create definite hazards and that the development of roadside establishments
at ‘these points intensifies the danger.

As a result of the more specialized analysis of data, the earlier determined
order in which various factors are associated with accident occurrence has been |
revised.‘ The inmitial studies dindicated that roadside features were most closely
associated with accidénts, that design features came next, and that advertising
_ signs were only slightly associated. It now appears that associlation with accidents
is highest and about equal for roadside features and advertising signs, and that
design features are rather far behind. The frequency with which signs cecur in
connection ﬁith roadside establishments is recognized as having a bearing on this
problem; but it has not yet Beeﬁ thoroughly lnvestigated.

‘While the associlation of design features as a whole with accident occurrence
was Tound to be low, two physical manifestations of design were proved to be highly
important. One, of course, is the grade intersection which is repeatedly indicated
as the outstanding element in this study. The other is the‘number of lanes in rela-
tion to traffic wvolume. This latter may well ve a factor in the rather’surprising
findings reported regarding the relationship of accident rates to traffic volumes.

The use of the method of partial correlation is an interesting development
of the present phase of the study. The resulting indications regarding the parti-
cularly close association of Taverns and Qther Establishments with accident oeccur-
rence are steps toward setting up definite cause-and-effect relationships in the
accident field. .

Several of the desirable analytical projects listed in the fifst progress
report for future accomplishment have not been undertaken as yet. However, the
results so far clearly demonstrate that every effort should be made to create art-

eries Tor main streams of traffic which are g% least relatively free from roadside
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business development, not only at-inbersections, but throughout their length.
The study is contimuing and it is hoped it will yield more and valuable in-

formation.
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