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The inves t iga t ion desc r ibed i n th i s r epo r t represents r e ­
search by the Oregon State Highway Depar tmen t to develop 
equations which can be used to p r e d i c t accidents on the u r ­
ban extensions of the State Highway System f r o m roadway 
e lements such as A D T , c o m m e r c i a l and r e s iden t i a l un i t s 
and d r i v e w a y s , in t e r sec t ions , s ignal ized in t e r sec t ions , i n ­
dica ted speed, pavement w i d t h , e f f ec t i ve lane w i d t h , and 
the number of lanes. 

The study u t i l i z e d a sample of 426 sect ions w i t h a t o t a l 
length of 186. 4 m i . Data were analyzed by subgrouping 
the sect ions by number of t r a f f i c lanes and A D T groupings . 
W i t h i n these groups add i t iona l subgroups of u rban ex ten­
sions were studied f o r suburban, co rpora t e , business, r e s i ­
den t i a l and m i x e d cu l t u r e sect ions. The ana lys i s used 
m u l t i p l e c o r r e l a t i o n techniques w i t h the end r e s u l t of the 
ana lys i s be ing a s e r i e s of equations which ind ica ted the 
re la t ionsh ips of the va r i ous roadway elements to accident 
ra tes on u rban and subgroups of u rban extensions of h i g h ­
ways i n Oregon. 

The m o r e i m p o r t a n t conclus ions wh ich can be d r a w n f r o m 
the study a re as f o l l o w s : 

1. M o t o r vehic le accident ra tes a re r e l a t ed to c e r t a i n 
p h y s i c a l f ea tu res of u rban extensions of the highway s y s ­
t e m . T h i s r e l a t ionsh ip i s s t rong enough i n the h igher 
A D T ranges to make i t poss ib le to p r e d i c t accident ra tes 
w i t h a reasonable degree of accuracy on the bas is of known 
p h y s i c a l f ea tu re s . 

2. Acc iden t ra tes on low vo lume roads do not have a 
s t r o n g re l a t ionsh ip w i t h any roadway f e a t u r e . 

3. M o t o r vehic le accident ra tes increase when: ^a) The 
number of c o m m e r c i a l un i t s adjacent to the sec t ion increases . 
(b) The number of t r a f f i c s ignals increases , (c) The number 
of i n t e r sec t ions increases , (d) The ind ica ted speed decreases. 
(e) The average d a i l y t r a f f i c increases . (I) The pavement 
w i d t h increases . 

# T H E CHANGES i n recent yea r s of highway cons t ruc t ion to h ighe r design standards 
r e q u i r i n g many m i l e s of expressways and f r e e w a y s have emphasized the de f i c i ency of 
bene f i t s tudies used as an a i d i n se lec t ing one of two o r m o r e a l te rna te routes between 
c o m m o n t e r m i n i . Present methods of ana lys i s p r o v i d e a means f o r conve r t i ng to m o n ­
e ta ry values benef i t s d e r i v e d th rough savings i n t i m e , dis tances t r ave l ed , and other 
opera t ing costs . However , no measure has been used f o r the increased safe ty f r o m 
reduc t ion i n accidents r e s u l t i n g f r o m access c o n t r o l and e l i m i n a t i o n of c ross ings at 
grade. P r o p e r evaluat ion of benef i t s f r o m expressways and f r e e w a y s should inc lude 
the benef i t s d e r i v e d f r o m the r educ t ion i n m o t o r veh ic le accidents . 

The f i r s t step necessary to conver t the reduc t ion i n accidents to a mone ta ry value i s 
a reasonable es t imate of the number of accidents w h i c h w i l l occu r on both the proposed 
i m p r o v e m e n t and the o l d obsolete h ighway. T h i s study was under taken to de t e rmine i f 
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some means could be developed f o r p r e d i c t i n g the number of accidents wh ich cou ld be 
e}q>ected on a g iven sec t ion of u r b a n o r suburban sec t ion of h ighway f r o m i n f o r m a t i o n 
r e a d i l y ava i l ab le . 

A p r ev ious study, " P r e d i c t i n g T r a f f i c Acc iden ts f r o m Roadway Elements - R u r a l 
T w o - L a n e Highways w i t h G r a v e l Shoulders , developed a p rocedure f o r p r e d i c t i n g 
accidents w i t h reasonable accuracy f o r r u r a l 2-lane highways w i t h g r a v e l shoulders . 
The c h a r a c t e r i s t i c s of u rban extensions of the state highway sys t em f r o m the s tand­
po in t of bo th des ign and roadside c u l t u r e adjacent to the h ighways a re qu i te d i f f e r e n t 
f r o m r u r a l h ighways . I t was, t h e r e f o r e , f e l t that the f o r m u l a s developed f o r r u r a l 
highways could not be appl ied to u rban sect ions . F o r t h i s reason, a separate study was 
conducted f o r the u rban extensions of the highway sys tem. 

I n the use of accident p r e d i c t i o n f o r m u l a s f o r d e t e r m i n a t i o n of m o t o r veh ic le use r 
benef i t s , i t i s des i rab le to l i m i t the roadway elements used i n the p r e d i c t i o n to those 
wh ich can be r e a d i l y de t e rmined . T o th i s end the f i e l d data were conf ined to those that 
w e r e r ead i ly ava i lab le . Roadway elements w h i c h were cons idered , and f o r wh ich data 
w e r e obtained i n the f i e l d , include the number of c o m m e r c i a l un i t s , c o m m e r c i a l d r i v e ­
ways , r e s i d e n t i a l un i t s , r e s iden t i a l d r i v e w a y s , in t e r sec t ions , channel ized in t e r sec t ions 
and t r a f f i c s igna ls , the ind ica ted speed, the pavement w id th , w i d t h of each shoulder , 
and number of t r a f f i c lanes. 

F i e l d data w e r e obtained f o r 466 u rban sect ions of highways. Of these, 426 sect ions 
p e r m i t t e d p a r a l l e l p a r k i n g on both sides, and the r e m a i n i n g 40 sect ions were d i s t r i ­
buted among those having no p a r k i n g , angle p a r k i n g , and va r i ous combina t ions of p a r k ­
ing . T o p rov ide the m a x i m u m u n i f o r m i t y of sect ions , the study was conf ined to the 
426 sect ions p e r m i t t i n g p a r a l l e l p a r k i n g . The r e m a i n i n g 40 sect ions d i d not p r o v i d e a 
l a r g e enough sample f o r a separate ana lys i s . Because of the v a r i a b l e nature of the r o a d ­
side cu l t u r e and roadway e lements on the u rban sect ions of highways, i t was not f ea s ib l e 
to se lec t sect ions of u n i f o r m length f o r t h i s study. The sect ions v a r i e d i n length f r o m 
those as sho r t as V i o m i l e up to sect ions 2 . 1 m i l e s long . The 426 sect ions had a t o t a l 
length of 186. 4 m i l e s o r an average length of 0. 4 m i l e pe r sec t ion . 

The data w e r e analyzed on seve ra l d i f f e r e n t breakdowns. The ant ic ipa ted accident 
ejcperience on 2 - and 4- lane highways should be quite d i f f e r e n t . I t was, t h e r e f o r e , c o n ­
s ide red necessary to i n i t i a l l y cons ider the u rban sect ions separa te ly f o r 2 - and 4- lane 
highways . The p r e v i o u s study i n r u r a l a reas showed that the m o s t r e l i a b l e p r e d i c t i o n 
equations were developed w i t h a breakdown of sect ions in to v a r i o u s t r a f f i c vo lume g r o u p ­
ings . T h i s then became the second m a j o r g roup ing i n t h i s ana lys i s . 

P r e d i c t i o n equations were developed f o r the u rban sect ions based on the f o r e g o i n g 
subgrouping. T o f u r t h e r increase the accuracy of the p r e d i c t i o n equations, the sect ions 
were subdivided between co rpo ra t e and suburban sect ions . D u r i n g the c o l l e c t i o n of the 
f i e l d data each sec t ion was c l a s s i f i e d by i t s c u l t u r a l c o m p o s i t i o n as r e s i d e n t i a l , b u s i ­
ness, o r m i x e d . These c l a s s i f i c a t i o n s were used f o r an add i t iona l subgrouping of the 
u rban sect ions . 

The data were analyzed by s t a t i s t i c a l methods to de t e rmine the quant i ta t ive r e l a t i o n ­
ship between accidents and the va r i ous roadway e lements . The p r e d i c t i o n equations 
w e r e developed f r o m m u l t i p l e r e g r e s s i o n techniques. I t i s poss ib le that m o r e r e f i n e d 
data may g rea t l y i m p r o v e the accuracy of p r e d i c t i o n equations, however , such r e f i n e ­
ment was not deemed des i rab le f o r t h i s p a r t i c u l a r study. The data used i n the study 
w e r e based on an average t r a f f i c vo lume and accident data f o r 1954 and 1955. Because 
of the v a r i a b l e length of the sect ions, i t was not des i rab le to use number of accidents 
f o r th i s ana lys is , t h e r e f o r e , they were conver ted to accidents p e r m i l l i o n v e h i c l e - m i l e s . 
A l l r eg r e s s ion equations p rov ide answers i n t e r m s of accidents p e r m i l l i o n v e h i c l e - m i l e s . 

D A T A SOURCES 

F i e l d W o r k 

The f i e l d data were obtained on state p r i m a r y and secondary u rban highways, i n -
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e luding 2 - and 4- lane sect ions. Any sec t ion wh ich had new cons t ruc t i on s ince 1954, 
the f i r s t yea r f o r wh ich accident data were used i n the ana lys is , was e l i m i n a t e d . 

The f i e l d examine r s r eco rded the f o l l o w i n g i n f o r m a t i o n w i t h the use of a m u l t i p l e 
bank counter : 

1. C o m m e r c i a l Uni t s fCU) 
2. C o m m e r c i a l D r i v e w a y s (CDW) 
3. Res ident ia l Un i t s (RU) 
4. Res iden t i a l D r i v e w a y s f R D W ) 
5. In te r sec t ions ( INT) 
6. T r a f f i c Signals (SIG) 
7. Channelized In te r sec t ions (CI) 

A l l of the above data were conver ted to rates rthat i s , d r i v e w a y s pe r m i l e ) . In a d ­
d i t i o n to the above ra te pe r m i l e data, the f o l l o w i n g i n f o r m a t i o n was also obtained i n 
the f i e l d : 

1. Indica ted Speed (SP) 
2. Pavement W i d t h (PA) 
3. Shoulder W i d t h fSH) 
4. N u m b e r of Lanes 
5. Med ian W i d t h 
6. E f f e c t i v e Lane W i d t h f E L A ) 

The sect ions may have had curbs , g r a v e l shoulders , o r paved shoulders ; however , 
no d i s t i n c t i o n was made i n th i s r e g a r d except to take these f a c t o r s in to account i n the 
ca l cu l a t i on of e f f ec t i ve lane wid ths . F i n a l l y , space was p r o v i d e d f o r r e c o r d i n g codes 
f o r u rban , suburban, and cu l t u r e type—that i s , business , r e s i d e n t i a l , o r m i x e d , and 
a p a r k i n g code. 

A de ta i led d e s c r i p t i o n of the f i e l d p rocedure , a long w i t h a sample f i e l d sheet appears 
i n Appendix A . 

T r a f f i c Vo lume Data 

The average da i ly t r a f f i c f A D T ) was taken f r o m the T r a f f i c Vo lume Tables f o r 1954 
and 1955." The average f o r the 2 yea r s was used i n the study. A s ind ica ted e a r l i e r , 
t r a f f i c accident p r e d i c t i o n s a re be t t e r i f the data a re grouped by A D T ranges. F o r th i s 
s tudy a r b i t r a r y A D T ranges were used as f o l l o w s : on 2-lane sect ions 5,000 and under, 
5,000 - 9,999, and 10,000 and over . The co r re spond ing ranges f o r 4- lane sect ions w e r e 
less than 9, 000, 9,000 - 17,999, and 18,000 and over . 

Al though i t i s probable that the vo lume of t r a f f i c on c r o s s s t ree t s and d r iveways 
m i g h t be c lose ly re la ted to the accident exper ience on co rpo ra t e and suburban sect ions, 
complete i n f o r m a t i o n on these t r a f f i c vo lumes was not ava i lab le and t h e r e f o r e cou ld 
not be inc luded i n the r e p o r t . 

Acc ident Data 

The accident data used i n t h i s study were ava i lab le i n the Acc iden t A n a l y s i s Section 
of the T r a f f i c Eng inee r ing D i v i s i o n , Oregon State Highway Depar tment . The accident 
r e c o r d s f o r the y e a r s 1954 and 1955 w e r e employed. 

The lack of u n i f o r m sec t ion lengths d i d not p e r m i t d i r e c t c o m p a r i s o n of the va r i ous 
sect ions based on the t o t a l number of accidents on each sec t ion . I t was t h e r e f o r e neces­
sa ry to ad jus t each sec t ion f o r t h i s d i f f e r e n c e i n sec t ion length. Because of the r e l a ­
t i v e l y h i g h r e l a t ionsh ips between accidents and average d a i l y t r a f f i c , i t was decided to 
conver t the accidents f o r each sect ion to accidents p e r m i l l i o n v e h i c l e - m i l e s , wh ich 
p r o v i d e d the measure f o r d i r e c t c o m p a r i s o n of accident exper ience on each sec t ion . 

' Oregon State Highway Depar tmen t Techn ica l Repor t No. 55-1 and 5 6 - 1 , r e spec t ive ly . 
* Oregon State Highway Depar tmen t Techn ica l Repor t No. 55-2 and 56-2, r e spec t ive ly . 
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A N A L Y S I S 

P rev ious study on r u r a l sect ions ind ica ted that cons iderable advantage could be gained 
by developing accident p r e d i c t i o n equations f o r subgroups of the study sect ions . Sev­
e r a l a r rangements of subgroups were s tudied to obta in the best r e su l t s poss ib le . No a t ­
t empt w i l l be made here to descr ibe the s t a t i s t i c a l techniques used i n the ana lys i s of 
the data, however , a d e s c r i p t i o n of these s t a t i s t i c a l techniques w i l l be found i n Appen­
d i x C. 

The f i r s t step i n the ana lys i s was to group the data by 2- and 4-lane sect ions. W i t h ­
i n these m a j o r groups subgroups were made f o r the selected A D T ranges. A d d i t i o n a l 
subgroupings w e r e made by s tudying separate ly co rpo ra t e and suburban sect ions. Sub­
u rban sect ions were def ined as those sect ions wh ich were outside the coporate l i m i t s 
of the c i t y , but which had an ind ica ted speed posted. Al though i t was r e a l i z e d that th i s 
d e f i n i t i o n wou ld have some shor t comings inasmuch as the co rpo ra t e l i m i t s do not n o r ­
m a l l y co r r e spond w i t h a change i n roads ide c u l t u r e , they d i d l end themse lves to sub­
d i v i d i n g sect ions wh ich w e r e independent of the o b s e r v e r ' s judgment . 

A subgrouping of u rban sect ions by roadside cu l t u r e was a lso s tudied. D u r i n g the 

T A B L E 1 

D I S T R I B U T I O N O F S T U D Y S E C T I O N S B Y N U M B E R O F L A N E S , ADT RANGES AND C U L T U R E T Y P E 

Total Average 
Number Length of Length of 

of Sections Sections 
ADT Range Area of Culture Sections fmi) tai) 

2 Lanes 

Under 5,000 Urban 130 45.2 0.3 Under 5,000 
Suburban 35 17. 6 0. 5 
Corporate 95 27. 6 0.3 
Business 30 -
Residential 46 -
Mixed 54 - -

5,000 - 9,999 Urban 140 54.8 0.4 5,000 - 9,999 
Suburban 33 18.8 0. 6 
Corporate 107 36.0 0.3 
Business 52 - -
Residential 33 - -
Mixed 55 - -

10,000 and over Urban 26 18.6 0. 7 10,000 and over 
Suburban 2 1. 1 0. 5 
Corporate 24 17. 5 0.7 
Business 11 - -
Residential 5 - -
Mixed 10 - -

A l l Corporate Portland 22 15.8 0.7 
Corporate Non-Portland 204 66 0 0.3 

4 Lanes 

Under 9,000 Urban 54 16.4 0.3 
Suburban 9 3.7 0.4 
Corporate 45 12.7 0.3 
Business 35 - -
Residential 8 - -
Mixed 11 - -

9,000 - 17,999 Urban 50 31.2 0.6 
Suburban 17 12.2 0. 7 
Corporate 33 19.0 0.6 
Business 29 - -
Residential 3 - -
Mixed 18 - -

18,000 and over Urban 26 20.0 0.8 
Suburban 5 2.8 0.6 
Corporate 21 17.2 0.8 
Business 20 - -
Residential 3 - -
Mixed 3 - -

A U Corporate Portland 32 25.6 0.8 
Corporate Non-Portland 67 22.6 0.3 
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e lud ing 2 - and 4- lane sect ions . Any sec t ion w h i c h had new c o n s t r u c t i o n s ince 1954, 
the f i r s t yea r f o r wh ich accident data w e r e used i n the ana lys i s , was e l i m i n a t e d . 

The f i e l d examine r s r eco rded the f o l l o w i n g i n f o r m a t i o n w i t h the use of a m u l t i p l e 
bank counter : 

1. C o m m e r c i a l U n i t s (CU) 
2. C o m m e r c i a l D r i v e w a y s (CDW) 
3. Res iden t ia l Un i t s CRU) 
4. Res iden t i a l D r i v e w a y s fRDW) 
5. In te r sec t ions rtNT) 
6. T r a f f i c Signals (SIG) 
7. Channelized In te r sec t ions f C I ) 

A l l of the above data w e r e conver ted to rates fthat i s , d r i v e w a y s pe r m i l e ) . In ad ­
d i t i o n to the above ra te p e r m i l e data, the f o l l o w i n g i n f o r m a t i o n was a lso obtained i n 
the f i e l d : 

1. Indica ted Speed fSP) 
2. Pavement W i d t h rPA) 
3. Shoulder W i d t h rSH) 
4. Number of Lanes 
5. Med ian W i d t h 
6. E f f e c t i v e Lane Wid th f E L A ) 

The sect ions may have had c u r b s , g r a v e l shoulders , o r paved shoulders ; however , 
no d i s t i n c t i o n was made i n t h i s r e g a r d except to take these f a c t o r s in to account i n the 
ca l cu l a t i on of e f f e c t i v e lane wid ths . F i n a l l y , space was p r o v i d e d f o r r e c o r d i n g codes 
f o r u rban , suburban, and cu l t u r e type—that i s , business, r e s iden t i a l , o r m i x e d , and 
a p a r k i n g code. 

A de ta i led d e s c r i p t i o n of the f i e l d p rocedure , a long w i t h a sample f i e l d sheet appears 
i n Appendix A . 

T r a f f i c Vo lume Data 

The average da i ly t r a f f i c f A D T ) was taken f r o m the T r a f f i c Vo lume Tables f o r 1954 
and 1955." The average f o r the 2 yea r s was used i n the study. A s ind ica ted e a r l i e r , 
t r a f f i c accident p r e d i c t i o n s a re be t t e r i f the data a re grouped by A D T ranges. F o r t h i s 
study a r b i t r a r y A D T ranges w e r e used as f o l l o w s : on 2-lane sect ions 5,000 and under, 
5,000 - 9,999, and 10,000 and over . T h e co r r e spond ing ranges f o r 4- lane sect ions w e r e 
less than 9, 000, 9,000 - 17,999, and 18,000 and over . 

Al though i t i s probable that the vo lume of t r a f f i c on c r o s s s t ree t s and d r iveways 
m i g h t be c lose ly r e l a t ed to the accident exper ience on co rpo ra t e and suburban sect ions, 
comple te i n f o r m a t i o n on these t r a f f i c vo lumes was not ava i lab le and t h e r e f o r e could 
not be inc luded i n the r e p o r t . 

Acc iden t Data 

The accident data used i n t h i s study were avai lable i n the Acc iden t A n a l y s i s Section 
of the T r a f f i c Eng inee r ing D i v i s i o n , Oregon State Highway Depar tment . The accident 
r eco rds f o r the yea r s 1954 and 1955 were employed. 

The l ack of u n i f o r m sec t ion lengths d i d not p e r m i t d i r e c t compar i son of the va r i ous 
sect ions based on the t o t a l number of accidents on each sec t ion . I t was t h e r e f o r e neces­
sa ry to ad jus t each sec t ion f o r t h i s d i f f e r e n c e i n sec t ion length. Because of the r e l a ­
t i v e l y h igh re la t ionsh ips between accidents and average da i ly t r a f f i c , i t was decided to 
conver t the accidents f o r each sect ion to accidents p e r m i l l i o n v e h i c l e - m i l e s , wh ich 
p r o v i d e d the measure f o r d i r e c t c o m p a r i s o n of accident e:q)erience on each sec t ion . 

' Oregon State Highway Depar tmen t Techn ica l Repor t No. 55-1 and 5 6 - 1 , r e spec t ive ly . 
' Oregon State Highway Depar tmen t Techn ica l Repor t No. 55-2 and 56-2, r e spec t ive ly . 
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Mixed 55 - -

10,000 and over Urban 26 18. 6 0. 7 
Suburban 2 1. 1 0. 5 
Corporate 24 17. 5 0.7 
Business 11 - -
Residential 5 - -
Mixed 10 - -

A l l Corporate Portland 22 15.8 0.7 
Corporate Non-Portland 204 66 0 0.3 

4 Lanes 

Under 9,000 Urban 54 16.4 0.3 
Suburban 9 3.7 0.4 
Corporate 45 12.7 0.3 
Business 35 - -
Residential 8 - -
Mixed 11 - -

9,000 - 17,999 Urban 50 31.2 0.6 
Suburban 17 12.2 0. 7 
Corporate 33 19.0 0.6 
Business 29 - -
Residential 3 - -
Mixed 18 - -

18,000 and over Urban 26 20.0 0.8 18,000 and over 
Suburban 5 2.8 0. 6 
Corporate 21 17.2 0.8 
Business 20 - -
Residential 3 - -
Mixed 3 - -

A l l Coiporate Portland 32 25.6 0.8 
Corporate Non-Portland 67 22.6 0.3 
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TABLE 2 

ZERO ORDER CORRELATIONS BETWEEN ACCIDENT RATES AND ROADWAY ELEMENTS 

Accident Rate - Roadway blemcnts Correlations 
Study Group ADT CU CDW RU RDW INT SIC SP PA ELA 

2 Lane, Under 5,000 
ADT 

0 03 0 26 0 13 -0.06 -0 14 0 04 0 06 -0 06 0 37 0.22 
Suburban 0 06 -0 10 -0 06 -0 .11 -0 10 -0.06 0 32 0 13 0.30 
Corporate 0 03 0 33 0 20 -0 08 -0 15 0.01 0 04 -0 08 0.37 0 20 
Busine&s -0 03 0 29 0 10 -0.27 -0 25 -0 06 -0 03 • 0 10 0.40 0 27 
Residential 0 04 0 19 0 06 0 38 -0 01 -0 03 0 03 -0 13 0 52 0.28 
Mixed 0 07 -0 03 -0 08 -0 03 -0 18 0 16 0 28 0 11 0.21 0.00 

2 Lane, 5,000 -
9,999 ADT 

Urban 0 33 0 66 0 26 -0 15 -0 18 0 45 0 49 - 0 3 2 0.39 0 19 
Suburban' 
Corporate 0 32 0 71 0 24 ' s 0 42 0.48 -0 . 35 0.36 0 16 

2 Lane, 10,000 
and over, ADT 

Urban 0^42 0 67 0 44 -0 07 -0 11 0 53 0 85 -0.44 0 37 0 02 
Suburtian' 
Corporate 0 44 0 67 0 46 3 ' 0 51 0 85 -0 41 0 37 0 02 

2 Lane, 5,000 
and over ADT 

Suburlian 0 10 0 15 0 41 0 04 0 OS 0 52 ' -0.02 0.16 0 28 
Business 0 47 0 67 0 13 0 07 0 06 0 55 0 78 -0 39 0 43 0 13 
Residential 6 45 0 02 -0 09 0 32 0 15 0 27 0 01 0 08 0 10 -0 02 
Mixed 0 49 0 46 0 23 0 33 0 22 0 64 0 27 -0 20 0 42 0.09 

2 Lane, A l l A D T s 
Corporate Portland 0 54 0 68 0.60 ' ' 0 53 0 87 -0 39 0 25 -0.17 
Corporate Non-
Portland 0 10 0 47 0 21 -0 08 -0 16 0 16 0 27 -0 20 0 37 0.22 

4 Lane, Under 9,000 
ADT 

Urtxin 0 05 0 39 0 20 -0 13 0 04 0.13 0 79 -0 11 0.07 -0.18 
Suburban' 
Corporate 0 14 0 42 0 29 -0 17 0 03 0 11 0 80 -0.06 -0 08 -0 .21 
Businebs 0 03 0 35 0 12 0 12 0 28 0 12 ( T a l -0 08 0.03 -0 23 
Residential & Mixed 0 07 -6 U 0 01 -0 20 0 26 -0 04 0 56 0 20 0 20 -0 05 

4 Lane, 9,000 -
17,999 ADT 

Urban 0 27 0 62 0 30 0 09 -0 02 -0 39 0.78 -0 45 0 36 0 05 
Suburban' 
Corporate 0 24 0 59 0 IS ' 3 0 17 0.76 -0.41 0 25 0 04 

4 Lane 18,000 & 
over ADT 

Urban 0 69 0 66 0 29 0 27 0 18 0 51 0.71 -0 72 0 57 0 49 
Suburban' 
Corporate 0 64 0 60 0 20 ' ' 0 33 0 72 -0 72 0 49 0 50 

4 Lane, 9,000 & 
over ADT 

Business 0 49 0 66 0.14 0 11 -0 10 0 39 0 79 -0 56 0. 35 0.14 
Residential & Mixed 0 67 0 49 0 34 0 37 0 19 0 51 0.74 -0 36 0 68 0 07 

4 Lane, A l l A D T s 
SutHirban -0 02 0 36 0 09 0..17 0 22 0.69 0 62 -0 36 0 52 0 17 
Corporate Portland 0^64 0 58 0.29 ' ' 0 27 0 78 -0 46 0 48 0.44 
Corporate Non-
Portland 0 19 0 47 0 23 -0 17 -0 01 0.12 0.71 -0 17 -0.07 -0.18 

Note Roadway elements considered fo r regression equations are underlined 

* Insuffic lent bample to compute bimple correlation 
' Insufficient Mmplo sec tions for computation of reliable regression equations. Data combine with other ADT ranges 
' Preliminary analysis indicated low Lorrelations, therefore, computations were not Lomphted. 

f i e l d ana lys is , each sec t ion was c l a s s i f i e d by the roadside cul ture—that i s , business , 
r e s iden t i a l , o r m i x e d , w i t h the d i s t i n c t i o n be ing that i f the roadside cu l t u r e was c o m ­
posed of 75 percent business es tabl i shments i t was typed business , and i f the roadside 
c u l t u r e was 75 percent r e s iden t i a l i t was typed r e s iden t i a l . Sections w i t h m i x e d c u l ­
t u r e were typed m i x e d . 

A f i n a l subgrouping of the corpora te sect ions was made to de t e rmine i f the l a rge 
P o r t l a n d M e t r o p o l i t a n A r e a had c h a r a c t e r i s t i c s wh ich would make p r e d i c t i o n i n that 
a rea m o r e r e l i a b l e than p red i c t i ons i n the o ther co rpora te areas of the state. 

A d i s t r i b u t i o n of the study sect ions by number of lanes, A D T ranges, and a rea o r 
c u l t u r e type i s shown i n Table 1. A l s o shown i n th i s table a re the t o t a l lengths of the 
sect ions and average lengths of the sect ions f o r u rban groupings , suburban and c o r p o r ­
ate groupings . In the ana lys i s of the data, i t was decided that any group w i t h less than 
20 sect ions would not p rov ide an adequate sample to develop r e l i a b l e r eg re s s ion equa­
t ions . A r e v i e w of t h i s table indicates that there w e r e only two suburban 2-lane sec­
t ions w i t h an A D T of 10,000 and over . T h i s d i d not p r o v i d e an adequate sample f o r c o m ­
puta t ion f o r r eg r e s s ion equations; t h e r e f o r e , they w e r e combined w i t h the next l o w e r 
A D T group i n the ana lys i s . A s i m i l a r p rocedure was used f o r o ther groupings wh ich 
had inadequate samples . 

The f i r s t step i n the s t a t i s t i c a l ana lys i s was to compute the z e r o o r d e r c o r r e l a t i o n 
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c o e f f i c i e n t between accident ra tes and each of the roadside e lements . The r e su l t s of 
these computat ions a re shown i n Table 2. I n examin ing th i s table , a pos i t i ve c o r r e l a ­
t i o n indicates that accident ra tes increase w i t h an increase i n the roadway .elements, 
whereas the negative c o r r e l a t i o n indica tes that accident ra tes increase w i t h a decrease 
i n roadway e lements . P e r f e c t c o r r e l a t i o n between the f a c t o r s would be ind ica ted by a 
value of one, and no c o r r e l a t i o n would be indica ted by a value of ze ro . 

The A D T had, w i t h two exceptions, a pos i t i ve c o r r e l a t i o n w i t h accident ra tes . T h i s 
r e l a t ionsh ip v a r i e s f r o m p r a c t i c a l l y no c o r r e l a t i o n to f a i r l y good c o r r e l a t i o n . I t w i l l 
be observed that the subgroupings, co rpo ra t e , suburban, business , r e s i d e n t i a l , and 
m i x e d , do not make any substant ia l change i n the c o r r e l a t i o n between accident ra tes 
and the average d a i l y t r a f f i c . The c o r r e l a t i o n between acc ident ra tes and A D T inc reased 
f o r both 2 - and 4- lane sect ions f o r the h igher A D T groups , w i t h genera l ly h ighe r c o r ­
re la t ions f o r a l l groupings of 4-lane sect ions. 

The number of c o m m e r c i a l uni ts p e r m i l e , w i t h th ree exceptions, was p o s i t i v e l y 
c o r r e l a t e d w i t h accident ra tes . He re again, the c o r r e l a t i o n s f o r subgroupings do not 
m a t e r i a l l y be t t e r the c o r r e l a t i o n of u rban sect ions . T h i s roadway e lement had some 
f a i r l y good c o r r e l a t i o n s w i t h accident ra tes , and as a r e su l t was used m o r e f r e q u e n t l y 
than any o the r e lement i n the development of r eg r e s s ion equations. 

The number of c o m m e r c i a l d r i v e w a y s was genera l ly p o s i t i v e l y c o r r e l a t e d w i t h ac­
cident ra tes . Al though f a i r l y good c o r r e l a t i o n s were found , i t w i l l be noted that c o m ­
m e r c i a l d r i v e w a y s were not as h igh ly c o r r e l a t e d w i t h accident ra tes as the number of 
c o m m e r c i a l un i t s . 

The number of r e s iden t i a l un i t s p e r m i l e , s i m i l a r l y , was evenly d iv ided between 
pos i t i ve and negative c o r r e l a t i o n s . W i t h f o u r exceptions the c o r r e l a t i o n s were low and 
could not be used f o r the development of r eg r e s s ion equations. Res iden t i a l un i t s w e r e 
used only i n some r eg re s s ion equations f o r the subgroupings suburban, r e s i d e n t i a l , o r 
m i x e d c u l t u r e . In a f e w instances p r e l i m i n a r y inves t iga t ion indica ted that v e r y l o w 
c o r r e l a t i o n s would be obtained; t h e r e f o r e , the c o r r e l a t i o n w i t h accident ra tes was not 
computed. 

The number of r e s i d e n t i a l d r i v e w a y s p e r m i l e had i n a l l cases a v e r y low c o r r e l a ­
t i o n w i t h accident ra tes , and d i d not i n any g roup ing have a h igh enough c o r r e l a t i o n so 
that i t cou ld be cons idered i n developing r e g r e s s i o n equations. T h i s e lement was the 
w o r s t p r e d i c t o r of accident ra tes of any studied. 

ZERO ORDER CORRELATIONS BETWEEN ACCIDENT RATES AND ROADWAY ELEMENTS 
(Weighted fo r Length) 

Accidents - Roadway Elements Correlations 

Study Group ADT CU CDW RU RDW INT SIQ SP PA ELA 

2 Lane, Under 5,000 
ADT 

Suburban 0 01 -0.20 -0.22 -0.24 -0 19 -0 01 0 41 0.43 0 49 
Corporate -0 14 0 18 0 15 1 0 07 0 04 -TTOS 0.27 i n s 

2 Lane, 5,000 -
9,999 ADT 

Corporate 0 35 0.77 0 34 0.44 0.59 -0 32 0.46 0 22 
2 I ^ e , 10,000 & 
over ADT 

Corporate 0 32 0.76 0 50 0.66 0.89 -0 64 0. 62 0.17 
2 Lane, 5,000 & 
over ADT 

Suburban 0.08 0 26 0.41 0.09 0.08 0.66 0.34 -0 07 0 22 0.38 
2 Lane, AU A D T s 

Corporate Portland 0 29 0 68 0.42 * B 0 60 0.86 -0 . 55 0 36 -0.20 
Corporate Non-
Portland 0 09 0 46 0.26 ' 0 24 0 38 -0.24 0.39 0 19 

4 Lane, Under 9,000 
ADT 

Corporate 0 05 0.63 0 20 -0 13 0 05 0 12 0 70 -0 34 -0 12 -0 36 
4 Lane, 9,000 - • 

17,999 A D T 
Corporate 0.34 0.71 0 38 a 0.47 0.82 -0 58 0.32 0 03 

4 Lane, 18,000 ft 
over ADT 

Corporate 0.54 0.71 0. 53 a 0 52 0.79 -0 . 73 0.52 0.30 
4 Lane, A l l A D T s 

Suburban -0.08 0.37 0 07 0.62 0 52 0 67 0 48 -0 48 0.64 0.19 
Corporate Portland 0.48 ; m 0 54 2 > O I -iTBS ITS? 0 30 
Corporate Non-
Portland -0.29 0.31 0 18 0 08 0.34 -0 18 -0 13 -0 38 

Note Roadway elements considered fo r regression equations are underlined 
^ Insufficient sample to compute simple correlation 
' Insufficient sample sections fo r computation of reliable regression equaUons. Data combine with other A D T ranges. 
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MULTIPLE CORRELATIONS BETWEEN ROADWAY ELEMENTS A N D ACCIDENT RATES 

Coefficient of Ratio of Standard 
MuIUple Standard E r r o r E r r o r of Estimate 

Correlation of Estimate to the Mean 

Study Group Best Predictors Un-Weighted Weighted Un-Welghted Weighted Un-Weighted Weighted 

2 Lane, Under 5 , 0 0 0 ADT 
Urban ' " ' ' ' 
Suburban (RU), fSP). (ELA) 0 3 7 0 5 2 5 . 2 6 8 85 1 57 1 24 
Corporate C U , PiT 0 39 ' 1 7 . 4 3 ' 1 7 4 ' 
Business 1 ' ' ' ' ' ' Residential R U , PA 0 . 5 5 ' 6 7 6 ' I 1 1 
Mixed 1 ' ' * ' ' ' 

2 Lane, 5 , 0 0 0 - 9 9 9 9 ADT 
Urban ADT, C £ , I N T , SG, SP, PA 0 74 " 6 4 4 ' 0 6 9 * 
Suburban' 
Corporate (ADT), (CU), (CDW), (INT), (SIG), 0 7 5 ( . 8 2 6 8 2 6 1 1 0 6 8 0 6 2 Corporate 

(sp!7(prr 
2 Lane 1 0 , 0 0 0 & over ADT 

Urban ADT, C U , CDW, INT SIG SP 0 89 ' 8 0 7 ' 0 4 2 ' 
Suburban' 
Corporate (ADT), C U , (CDW), (INT), (SIG), 0 89 0 9 3 7 9 8 5 4 4 0 . 3 9 0 . 3 4 Corporate 

(spr"(psr 
2 Lane, 5 , 0 0 0 & over ADT 

Suburban (CDW), (INT), (SIG), (ELA) 0 6 6 0 7 5 3 5 8 2 9 5 0 . 56 0 . 4 4 
Business X D t T C U . INT, SIG, SP, PA 0 . 8 6 ' 8 25 ' 0 . 5 3 ' 
Residential A B T , RU 0 4 9 ' 4 5 6 ' 0 6 4 ' 
Mixed S D T , OT;, R U , INT, PA 0 69 ' 5 2 5 ' 0 . 6 2 ' 

2 Lane, A U A D T s 
Corporate Portl.ind (ADT), (CU), (CDW), (INT), (SIG), Corporate Portl.ind 

(spr"(pir 0 . 9 2 0 9 1 7 . 0 5 5 4 8 0 37 0 36 
Corporate Non-Portland (Cu), 0 . 4 8 0 4 6 1 3 . 2 3 1 4 28 1 29 1 38 

4 Lane, Under 9 , 0 0 0 ADT 
Urban C U , SIG 0 8 4 7 7 5 ' 0 59 ' 
Suburban' 
Corporate (CU), (SIG), (SP), (ELA) 0 8 6 0 8 0 7 6 7 8 1 7 0 5 7 0 4 9 

Business C U , SIG 0 8 6 8 4 6 ' 0 55 * 

ResidenUal & Mixed 1 1 ' ' 
4 lane, 9 , 0 0 0 - 17 ,999 ADT 

Urban C U , I N T , SIG, SP, PA 0 8 1 5 9 5 ' 0 4 2 ' 
Suburban^ 
Corporate (ADT), (CU), (CDW), (INT), (SIG), 

(SP) 
0 7 8 0 3 8 6 4 0 4 55 0 4 0 0 . 2 8 

4 Lane, 1 8 , 0 0 0 & over ADT 
Urban ADT, C U , INT, SIG, SP , PA 0 89 6 3 0 0 29 ' 
Suburban' 
Corporate (ADT), (CU), (CDW), (INT), (SIG), 0 8 8 0 9 2 6 2 0 5 3 3 0 25 0 2 5 Corporate 

(^, (ffT 
4 Lane, 9 . 0 0 0 & over ADT 

Business ADT, C U , INT, SIG, SP, PA 0 . 8 7 6 3 0 ' 0 3 3 ' 
Residential & Mixed 5 D T , C U , INT, SIG, PA 0 8 6 ' 4 7 8 0 3 5 1 

4 Lane, A l l A D T s 
Suburban ( C U ) , R U , (RDW), (INT), (SIG), (SP), 

( P S I 
0 9 0 0 88 3 56 3 4 0 0 3 4 0 3 3 

Corporate Portland (JOST), ( C U ) , ( C D W ) , (INT), (SIG), 0 84 0 9 0 7 37 5 28 0 . 3 6 0 . 2 8 Corporate Portland 
(spy, ( P X T 

Corporate Non-Portland (JtDT), " ! C U ) , (SIG), (ELA) 0 74 0 5 8 9 33 3 1 9 2 0 6 3 1 . 4 0 

Note. Best predictors underlined for unweighted, parenthesis f o r weighted. 
^ No prediction equations computed because the zero order correlations indicated insignificant correlations 
' No prediction equations computed 
' Insufficient sample sections for computation of reliable regression equations 

The number of in t e r sec t ions p e r m i l e was n o r m a l l y p o s i t i v e l y c o r r e l a t e d w i t h a c c i ­
dent ra tes . Here again subgrouping of u rban sect ions d i d not m a t e r i a l l y i m p r o v e the 
c o r r e l a t i o n s . F a i r l y good c o r r e l a t i o n s w e r e found f o r some subgroups, and th i s e l e ­
ment was used f r e q u e n t l y i n the development of the r eg re s s ion equations. 

The number of t r a f f i c s ignals p e r m i l e was w i t h one except ion a lways p o s i t i v e l y 
c o r r e l a t e d w i t h accident ra tes . T h i s e lement had one of the highest c o r r e l a t i o n s w i t h 
accident ra tes of any of the e lements cons idered , and was exceeded only by c o m m e r ­
c i a l un i t s i n the number of groups i n wh ich i t was used f o r computa t ion of r eg r e s s ion 
equations. T h i s e lement again d i d not show apprec iable increase i n c o r r e l a t i o n s f o r 
the subgroups of the u rban sect ions . I n genera l , c o r r e l a t i o n s f o r 4-lane sect ions were 
much h igher than f o r 2-lane sect ions . T h i s i s p robab ly accounted f o r , i n p a r t , by the 
t r a f f i c vo lume w a r r a n t used f o r d e t e r m i n i n g the need f o r t r a f f i c s ignals . Al though th i s 
e lement had one of the highest c o r r e l a t i o n s w i t h accident ra tes , i t a lso had m o r e v a r i ­
a b i l i t y than the o ther e lements , and f o r t h i s reason i t was not one of the mos t r e l i a b l e 
p r e d i c t o r s of accident ra tes . I n a number of subgroups there was an i n s u f i c i e n t n u m ­
b e r of t r a f f i c s ignals f o r the computa t ion of the ze ro o r d e r c o r r e l a t i o n . 

The ind ica ted speed as posted i n the f i e l d showed i n mos t subgroups a negative r e ­
la t ionsh ip w i t h accident ra tes . The r e l a t i onsh ip was good enough i n about one-hal f of 
the cases f o r i n c l u s i o n i n the r eg re s s ion equations. I t appears f r o m these c o r r e l a t i o n s 
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that i n c r e a s i n g speed had a tendency to decrease the accident ra tes . However , the 
p r a c t i c e i n Oregon has been, i n p a r t at least , to es tab l i sh speed zones and post reduced 
ind ica ted m a x i m u m speeds i n those sect ions wh ich have an a b n o r m a l accident exper ience , 
T h i s p rocedure undoubtedly was responsib le i n a l a r g e p a r t f o r the negative c o r r e l a t i o n s 
obtained i n that f e w e r ad jus tments f o r speed zones were es tabl ished i n sect ions w i t h a 
r e l a t i v e l y l ow accident ra te , whereas sections of h igh accident ra tes were posted f o r 
reduced speeds. 

The pavement w id th showed p o s i t i v e r e l a t i onsh ip w i t h accident ra tes . However , the 
r e l a t ionsh ip v a r i e s cons iderab ly and was n o r m a l l y f a i r l y low. Pavement w i d t h was i n ­
cluded i n s eve ra l of the r e g r e s s i o n equation. 

The e f f e c t i v e lane wid th was gene ra l ly p o s i t i v e l y c o r r e l a t e d ; however , t he re were 
f r equen t negative c o r r e l a t i o n s . The c o r r e l a t i o n of t h i s e lement was v e r y s m a l l , and 
t h e r e f o r e th i s e lement was i n f r e q u e n t l y inc luded i n the r e g r e s s i o n equations. 

The v a r i a b l e lengths of study sect ions ind ica ted that a b ias cou ld be presen t i n the 
ana lys i s by g i v i n g undue cons ide ra t ion to sho r t sect ions and i n s u f f i c i e n t cons ide ra t ion 
to r e l a t i v e l y long sect ions. T h e r e f o r e , a separate ana lys i s was made o n the suburban 
and co rpo ra t e subgroups to test the presence of a length b ias . F o r th i s ana lys i s each 
study sec t ion was d iv ided in to a s e r i e s of sect ions Vio m i l e long. The roadway e lements 

T A B L E 5 

R E G R E S S I O N EQUATIONS, A C C I D E N T R A T E S F R O M ROADWAY E L E M E N T S 

Study Group Regression Equations 

2 Lane, Under 5,000 ADT 
Urban 1 

Suburban A = -9. 67 + 0.14 S P + 0. 73 E L A 
Corporate A = -6. 28 + 0. 08 C U + 0. 50 P A 
Business 1 

Residential A = -8. 56 + 0. 05 R U + 0 48 P A 
Mixed 1 

2 Lane, 5,000 - 9,999 A D T 
Urban A = -7 54 + 0. 09 A D T + 0. 12 C U + 0. 36 INT + 0 94 SIG + 0 06 SP - 0. 01 P A 
Suburban 3 

Corporate A = -4. 44 + 0 09 A D T + 0 15 C U + 0 26 INT + 0. 72 S I G + 0. 02 S P - 0. 08 P A 
2 Lane, 10,000 and over ADT 

Urban A = -18. 21 + 0 09 A D T + 0. 25 C U + 0. 07 CDW + 0. 41 INT + 3. 87 SIG - 0 16 SP 
Suburban 2 

Corporate A = -1 01 + 0. 04 ADT + 0. 02 C U + 0.12 CDW + 0. 38 INT + 3. 98 Sig - 0.15 SP 
2 Lane, 5,000 and over AOT 

-1 01 + 0. 04 ADT + 0. 02 C U + 0.12 CDW + 0. 38 INT + 3. 98 Sig - 0.15 SP 

Suburban A = -4. 42 + 0. 09 CDW + 0. 57 INT + 0 29 E L A 
Business A = -2. 66 + 0. 10 A D T + 0. 11 C U + 0.10 INT + 2. 66 S I G - 0. 16 SP + 0 05 P A 
Residential A = -2.18 + 0.11 ADT + 0. 03 RU 
Mixed A = -5 88 + 0. 05 A D T + 0. 01 C U + 0 03 R U + 0. 64 INT + 0. 08 PA 

2 Lane, a l l A D T ' s 
Corporate Portland A = 13. 45 - 0. 03 ADT + 0.11 C U + 0. 66 CDW - 0. 33 INT + 4. 27 S I G - 0 12 SP 
Corporate Non-Portland A = -1 10 + 0 14 C U + 0. 19 P A 

4 l a n e s , Under 9,000 ADT 
Urban A = 4 60 + 0. 07 C U + 6 78 S I G 
Suburban a 
Corporate A = 3. 04 + 0. 08 C U + 6 78 SIG 
Business A = 2. 61 + 0. 08 C U + 6. 88 SIG 
Residential and Mixed 1 

4 Lanes , 9,000 - 17,999 A D T 
Urban A = 7. 93 + 0 04 C U + 0. 03 INT + 2 70 S I G - 0 10 S P + 0. 05 P A 
Suburban I 

Corporate A = 7. 89 + 0. 04 C U + 2. 47 S I G 
4 Lanes , 18,000 and over A D T 

Urban A = 1. 79 + 0.18 A D T + 0. 04 C U + 0. 23 INT + 0. 80 S I G - 0 70 SP - 0. 09 PA 
Suburban a 
Corporate A = 33. 57 + 0.14 ADT + 0. 03 C U + 1. 42 S I G - 0. 94 S P - 0 32 P A 

4 Lanes , 9,000 and over A D T 
Business A = 37.19 + 0 04 A D T + 0. 05 C U - 0 16 INT + 2.11 S I G - 0. 40 SP - 0 35 P A 
Residential and Mixed A = -11 26 + 0 07 ADT + 0.16 C U + 0. 09 INT + 2.19 S I G + 0. 35 P A 

4 Lanes , a l l A D T ' s 
Suburban A = -26. 97 + 0 04 C U + 0. 04 RU + 0. 32 INT + 2. 88 SIG + 0 07 SP + 0. 54 P A 
Corporate Portland A = 5. 65 + 0. 06 ADT + 0. 08 C U + 2. 44 SIG + 0. 20 S P - 0. 31 P A 
Corporate Non-Portland A = 6 55 + 0. 06 C U + 3. 80 SIG 

' No prediction equations computed because the zero order correlations indicated insignificant correlations 
' No prediction equations computed. 
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T A B L E 6 

R E G R E S S I O N EQUATIONS. A C C I D E N T R A T E S F R O M ROADWAY E L E M E N T S 
Weighted tor Length) 

Study Group Regression Equations 

2 Lane, Under 5,000 A D T 
Suburban A = -29. 98 + 0 01 RU + 0 23 S P + 2. 37 E L A 
Corporate 1 

2 Lanes , 5,000 - 9,999 ADT 
Urban A = -3 40 + 0 05 A D T + 0 20 C U - 0. 07 CDW + 0. 32 INT +1 09 SIG + 0 12 S P 

- 0.12 P A 
2 Lanes . 10,000 and over ADT 

Urban A = 3. 76 - 0. 01 A D T + 0.11 CDW + 0 34 INT + 4. 25 S I G - 0.10 SP + 0 02 PA 
2 Lanes , 5.000 and over ADT 

Suburban A = -1. 99 + 0. 08 CDW + 0. 68 INT + 0 94 SIG + 0. 05 E L A 
2 Lanes , a l l A D T ' s 

Corporate Portland A = 26. 50 - 0. 07 ADT + 0.10 C U + 0 04 CDW - 0. 07 INT + 4. 62 S I G - 0. 13 SP Corporate Portland 
- 0. 26 PA 

Corporate Non-Portland A = 3.81 + 0 18 C U 

4 Lanes , Under 9,000 ADT 
Urban A = 35. 30 + 0. 09 C U + 3. 02 SIG - 0 12 SP - 3. 02 E L A 

4 Lanes , 9,000 - 17,999 
Urban A = -1. 43 + 0. 05 A D T + 0. 06 CU + 0. 08 CDW + 0 06 INT + 2.13 SIG - 0. 04 S P 

4 Lanes , 18,000 and over ADT 
Urban A = 13.17 + 0.10 ADT - 0. 03 CU = 0 25 CDW - 0 39 INT + 2. 40 S I G - 0. 71 SP 

- 0. 02 PA 
4 Lanes , a l l A D T ' s 

Suburban A = -23. 06 + 0. 03 C U + 0 11 RDW + 0. 32 INT + 2 63 SIG + 0. 04 SP + 0. 48 PA 
Corporate Portland A = 14. 05 + 0. 04 A D T - 0. 04 C U + 0 24 CDW - 0 09 INT + 3. 07 SIG - 0 46 S P Corporate Portland 

- 0 05 P A 
Corporate Non-Portland A = 162. 34 - 0. 32 A D T + 0. 04 C U + 6. 23 SIG - 11 27 E L A 

' No prediction equations computed because the zero order correlations indicated insignificant correlations. 

were p r o r a t e d to each of these sections of u n i f o r m length. The z e r o o r d e r c o r r e l a t i o n s 
between accident ra tes and roadway e lements f o r the study sect ions weighted f o r length 
v a r i a t i o n a r e shown i n T a b l e 3. 

I n genera l , the same comments apply to th i s table as appl ied to the z e r o o r d e r c o r ­
r e l a t ions i n the unweighted data. I n some instances the c o r r e l a t i o n s between accident 
ra tes and roadway e lements were inc reased by the weigh t ing p rocess ; on the o ther hand, 
there were o ther cases where the c o r r e l a t i o n s were not as good. I n genera l , v e r y 
l i t t l e benef i t was r e a l i z e d by ad jus t i ng the study sect ions to compensate f o r the v a r y i n g 
length of sect ions . 

F r o m the ze ro o r d e r c o r r e l a t i o n s r e f e r r e d to i n Table 2, r eg r e s s ion equations and 
coe f f i c i en t s of m u l t i p l e c o r r e l a t i o n w e r e computed f o r the v a r i o u s groupings of u rban 
sect ions. Tab le 4 shows the c o e f f i c i e n t s of m u l t i p l e c o r r e l a t i o n , the s tandard e r r o r of 
es t imate , and the r a t i o of the s tandard e r r o r of es t imate to the mean f o r these v a r i o u s 
groupings of u rban sect ions . I n add i t ion , i n f o r m a t i o n i s shown f o r the o r i g i n a l data and 
the data compensated f o r length v a r i a t i o n s . A l s o shown a r e the roadway e lements w h i c h 
were the best p r e d i c t o r s of accident ra tes f o r each of the v a r i o u s subgroups. 

A s a guide f o r d e t e r m i n i n g which r e g r e s s i o n equations wou ld be acceptable f o r use, 
i t was a r b i t r a r i l y decided that the r a t i o of the s tandard e r r o r of es t imate to the mean 
should be no l a r g e r than 0. 5. T h i s means that t w o - t h i r d s of the t i m e the r eg re s s ion 
equations can give p r e d i c t e d accident ra tes wh ich w i l l be i n e r r o r less than 50 percen t 
of the mean accident ra te . T h i s appears to be qui te a l a rge a l lowable e r r o r . On the 
o ther hand, the nature of the data employed i n the study was such that r e l a t i v e l y l a rge 
e r r o r s mus t be used i f any usable r e s u l t s a re to be developed. 

A r e v i e w of Tab le 4 ind ica tes that u rban groupings of the o r i g i n a l data gave f a i r l y 
r e l i a b l e r e g r e s s i o n equations, except f o r 2-lane highways w i t h less than 5,000 veh ic les 
p e r day. F o r th i s p a r t i c u l a r g roup , the ze ro o r d e r c o r r e l a t i o n s were too low to w a r ­
ran t development of equations. 

The subgrouping of u rban sect ions by suburban, co rpo ra t e , business , r e s i d e n t i a l , 
and m i x e d c u l t u r e d i d i n some cases i m p r o v e the r e s u l t of the r e g r e s s i o n equations. 
However , t h i s s l igh t i m p r o v e m e n t d i d not w a r r a n t the add i t iona l t i m e and e f f o r t neces­
sa ry to make the subd iv i s ion . A study of the r e su l t s of the unweighted data and the 
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Number of PredlctionB vlth 
Error Larger than 1 Stan­
dard Error of Estimate 

Actual 27 
Expected m y 

Hii iber of predictions vlth 
Error Larger than 1 Stan­
dard Error of Estimate. 

Actual 12 
Eccected 8 

Standard Error 
of Estimate. Standard Error 

Actual Accidents per m.v.m. 
10 2C 30 aO 

Actual Accidents per m.v.m. 

Figure 1. Ccjmparison of predicted acci­
dent rates and actual accident rates in 
two-lane urban sections. (5>000 - 9,999 

ADT) 

Figure 2. Comparison of predicted acci­
dent rates and actual accident rates i n 
two-lane urban sections. (10,000 and 

over ADT) 

weighted data indica te , i n mos t cases, s l i g h t l y be t t e r r e su l t s f o r the weighted data 
than f o r the unweighted data. However , he re again i t d i d not appear that t he re was 
s u f f i c i e n t i m p r o v e m e n t to w a r r a n t the add i t iona l w o r k r e q u i r e d f o r th i s r e f inemen t . 

Regress ion equations developed f o r the unweighted data a r e shown i n Tab le 5, and 
the r eg re s s ion equations f o r the data weighted f o r length v a r i a t i o n s a re shown i n Table 
6. In the development of these r e g r e s s i o n equations, only those e lements wh ich had 

Kuaber of Predictions vlth 
Error Larger than 1 Stan­
dard Error of Estimate. 

Actual 17 
Expected 17 

Standard Error 
of Estimate. 

Actual Accidents per m.v.m. 

Figure 3. CompariBon of predicted acci­
dent rates and actual accident rates i n 
four-lane urban sections. (Under 9,000 

ADT) 

Number of Predictions vlth 
Error Larger than 1 Stan­
dard &ror 

Actual 9 
Expected l£ 

Standard Error 
of Estimate. 

20 30 
Actual Accidents per m.v.m. 

Figure k. Coniparison of predicted acci­
dent rates and actual accident rates i n 
four-lane urban sections. (9,000 - 17,999 

ADT) 
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Dumber ol PredlctlonB y l t h 
Error Larger than 1 Stan­
dard &ror or EatUaate. 

JtCtUAl 10 
Bipected 

7 ^ 

ze ro o r d e r c o r r e l a t i o n s g rea t e r than 0. 30 
were cons idered . I t w i l l be noted i n a 
f e w instances that roadway e lements w e r e 
indica ted as be ing used i n the development 
of the r e g r e s s i o n equations, however , 
they d i d not appear i n the equation. T h i s 
was the r e s u l t of the c o e f f i c i e n t f o r that 
e lement be ing less than 0. 005. 

COMPARISON OF PREDICTIONS 
W I T H A C T U A L CASE HISTORIES 

The r e g r e s s i o n equations developed 
i n th i s study were employed to p r e d i c t 
the accident r a t e w h i c h wou ld be expected 
to occu r on the u rban sect ions w i t h i n the 
va r ious A D T groups . 

F i g u r e s 1 through 5 show the c o m p a r i ­
son of p r e d i c t e d accident ra tes and ac tua l 
accident ra tes . A l s o shown on the f i g u r e s 
i s the s tandard e r r o r of es t imate f o r each 
equation. F o r n o r m a l d i s t r i b u t i o n , 68 
percen t of the p r e d i c t i o n s should f a l l w i t h ­
i n the range of + one s tandard e r r o r of 
es t imate . F o r the f i v e equations f o r 
wh ich compar i sons w e r e made, the p r e ­
d ic t ed values w i t h i n the range of one s tan­
d a r d e r r o r of es t imate exceeded expectat ions f o r two of the equations, and were equal 
o r less than expectat ions f o r the o ther th ree . The d i f f e r e n c e between the ac tua l values 
w i t h i n the range and the expected values was g e n e r a l l y qui te s m a l l and ind ica ted that 
the t h e o r e t i c a l s tandard e r r o r of es t imate cou ld be used w i t h a reasonable degree of 
accuracy . 

Actual Accidents per m.v.m. 

Figure 5. Comparison of predicted acci­
dent rates and actual accident rates i n 
four-lane urban sections. (l8,000 and 

over AM;) 

S U M M A R Y 

1. Acc iden t rate p r e d i c t i o n s a re be t t e r f o r 4- lane highways than f o r 2-lane h i g h ­
ways , and f u r t h e r a r e b e t t e r f o r those sect ions w i t h h ighe r A D T . 

2. Subgrouping of the u rban sect ions by suburban, co rpo ra t e , business , r e s i d e n t i a l 
o r m i x e d c u l t u r e does not p rov ide be t t e r p r e d i c t i o n s of m o t o r veh ic le accident ra tes . 

3. Compensat ing f o r v a r y i n g length of study sect ions does not p r o v i d e be t t e r p r e ­
d ic t ions of accident ra tes . 

4. The mos t i m p o r t a n t roadway e lement i n p r e d i c t i n g t r a f f i c accident ra tes f o r 
u rban sect ions i s the number of c o m m e r c i a l un i t s adjacent to the sect ion. The number 
of c o m m e r c i a l un i t s becomes a be t t e r p r e d i c t o r as the number of t r a f f i c lanes increases 
and as the average d a i l y t r a f f i c increases . 

5. The second mos t i m p o r t a n t roadway e lement i n p r e d i c t i n g t r a f f i c accident ra tes 
i n the number of t r a f f i c s igna ls w h i c h becomes a b e t t e r p r e d i c t o r as the number of 
t r a f f i c lanes increases and as the average da i ly t r a f f i c increases . 

6. Other i m p o r t a n t e lements f o r p r e d i c t i n g accident ra tes i n o r d e r of impor t ance 
a re : the number of in t e r sec t ions , the ind ica ted speed, the average d a i l y t r a f f i c , and 
pavement w i d t h . Ave rage d a i l y t r a f f i c becomes a b e t t e r p r e d i c t o r as the t r a f f i c vo lumes 
inc rease . 

7. The number of c o m m e r c i a l d r i v e w a y s , r e s i d e n t i a l un i t s and r e s i d e n t i a l d r i v e w a y s , 
and the e f f e c t i v e lane w i d t h a r e r e l a t i v e l y un impor t an t roadway elements f o r p r e d i c t i n g 
t r a f f i c accident ra tes . C o m m e r c i a l d r i v e w a y s can be used only f o r 2-lane sect ions. 
Res iden t i a l d r i v e w a y s a re of no value f o r p r e d i c t i n g accident ra tes . 

8. The f o l l o w i n g equations can be used to p r e d i c t accident ra tes on u r b a n sect ions 
of the state highway sys t em: 
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2-Lane , 5,000 - 9, 999 A D T 
A = -7 . 54 - I - 0. 09 A D T -t- 0. 12 CU + 0. 36 I N T 

+ 0. 94 SIG - I - 0. 06 SP - 0. 01 P A 

2-Lane , 10,000 o r Over A D T 
A = -18. 21 + 0. 09 A D T + 0. 25 CU + 0. 07 CDW 

+ 0. 41 I N T + 3. 87 SIG - 0 .16 SP 

4 -Lane , Under 9,000 A D T 
A = 4. 60 + 0. 07 C U + 6. 78 SIG 

4 -Lane , 9,000 - 17,999 A D T 
A = 7. 93 -1- 0. 04 CU + 0. 03 I N T + 2. 70 SIG 

- 0 .10 SP + 0. 05 P A 

4-Lane , 18,000 o r Over A D T 
A = 1. 79 + 0.18 A D T + 0. 04 C U + 0. 23 I N T 

+ 0. 80 SIG - 0. 70 SP - 0. 09 P A 

i n wh ich : 

A = Acc iden ts p e r m i l l i o n veh ic le m i l e s . 
A D T = The average d a i l y t r a f f i c d iv ided by 100. 
CU = The number of c o m m e r c i a l un i t s p e r m i l e . 
CDW = The number of c o m m e r c i a l d r i v e w a y s p e r m i l e . 
I N T = The number of i n t e r sec t ions p e r m i l e . 
SIG = The number of t r a f f i c s ignals p e r m i l e . 
SP = The ind ica ted speed. 
P A = The pavement w i d t h i n f ee t . 

CONCLUSIONS 

1. M o t o r veh ic le accident ra tes a re re la ted to c e r t a i n p h y s i c a l f ea tu re s of u rban 
extensions of the highway sys t em. T h i s r e l a t i onsh ip i s s t r o n g enough i n the h ighe r 
A D T ranges to make i t poss ib le to p r e d i c t accident ra tes w i t h a reasonable degree of 
accuracy on the bas is of known p h y s i c a l f e a t u r e s . 

2. Acc iden t ra tes on low vo lume roads do not have a s t rong r e l a t i onsh ip w i t h any 
roadway f e a t u r e . 

3. M o t o r veh ic le accident ra tes increase when: 

a. Number of c o m m e r c i a l un i t s adjacent to the sec t ion increases . 
b . Number of t r a f f i c s ignals inc reases . 
c. Number of i n t e r sec t ions increases . 
d. Indica ted speed decreases . 
e. Average d a i l y t r a f f i c inc reases . 
f . Pavement w i d t h inc reases . 

Appendix A 

SOURCE OF R A W D A T A 

The r a w data employed i n t h i s study were d e r i v e d f r o m 2 m a j o r sources . The f i r s t 
source was obtained by f i e l d i nven to ry , and inc luded roadway, p a r k i n g , and c u l t u r e 
c h a r a c t e r i s t i c s of the sect ions . The second source of data was obtained f r o m o f f i c e 
r eco rds . 

F i e l d Da ta 

The f i e l d w o r k e r s w o r k e d i n p a i r s , one of them d r i v i n g w h i l e the o ther tabulated the 
roadway e lements . A m o n g the e lements f o r wh ich data were obtained were the number 
of c o m m e r c i a l un i t s and d r i v e w a y s , r e s i d e n t i a l un i t s and d r i v e w a y s , i n t e r sec t ions . 
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traffic signals, and channelization. Multiple bank calculators were used to facilitate 
this portion of the field work. In addition to the above tabulations, it was necessary to 
make periodic stops to measure pavement and shoulder widths each time there was an 
arterial change along the route. 

Also recorded were the cultural classifications of each section. Three major groups 
were used for this—business, residential, and mixed. Based upon this criterion, if 
75 percent of the buildings in the area were for business purposes it was classified as 
business, if 75 percent of the buildings were residential the section was classified as 
residential, and any combination of business and residential establishments between 
these tw;o values was classified as mixed. 

Information was also obtained on parking, whether it was permitted, and also the 
type of parking whether angle, parallel, or mixed. A sample field sheet is shown in 
Figure 6. The location for which the data were obtained would be indicated by the high­
way number appearing in the upper left-hand corner and milepost readings which were 
recorded in the extreme right-hand column under "Other Characteristics. " The body 
of the table provided space for recording the following information in order: frequency 

HiRhway No. 15 

Comnercial 
Units 

(1) 
Dwys, 
(2) 

Residential 
Units 
(3) 

D»ys 
(4) 

Inter­
sec­
tions 
(5) 

I : 4 

C : O 

Sig­
nals 
( 6 ) 

O 

Culture 
(I) 

R 
M 

rV>a<lway 
Qiaracteristic 

(«) 

' AP 
NP ' p̂ 

- 4 ' . 

Curb 
or 

Shldr. 
(9) 

LS--6 

Speed 
Indi­
cated 
(10) 

Other Character­
istics and 
Comnents 

(11) 

M.P z 9232 

Nfedian Wid. O 

H.P. r 9i.73 
I -- / 

p̂ 

I ^ S : / / 

LS : O 2,S 

M.P. : 92.7^ 

Median \Md. O 
M U 

M.P. -- 9 2 . 6 4 

/ 7 I -- 3 

Z--0 
(S) 

B 
M 

I @ 
I AP 

p̂ I p̂ 

, 40- ^ 

RS 

LS : <̂  

I 

M.P. I 9 2 . 6 6 

Median Wid. O 
M U 

H.P. -- 92.46 

I : 2. 

Z--0 M 
W I AP 

US 

NP LS : O 2^ 
M.P. : 92.^S 

Median Wid. £> 
M U 

M.P. : 92.29 

I : / (3) 
R 
M 

AP 
p̂ 

AP 
NP 

RS : 6 

LS 

M.P. -- 9Z.33 

Median Wid. O 
M U 

pme I * 0.07 ' 
M.P. : 92.2 7 

Figure 6. Urban roadwsy elements study by Oregcjn State Highway Department. 
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of commercial units and commercial driveways, residential units and residential 
driveways. 

Under the column headed "Intersections" opposite " I " were indicated the number of 
intersections, and opposite " C " the number of channelized intersections. Col. 6 was 
used for recording the number of traffic signals in the section. Col. 7 was used for 
the culture characteristics by circling "B" for business, "R" for residential, and "M" 
for mixed. Space was provided in Col. 8 for recording the lane width and type of park­
ing. The lane width was recorded to the nearest foot just above the arrow. At the ends 
of the arrow appear the letters PP, AP, and NP, provided for recording of parallel 
parking, angle parking, and no parking, respectively, for each side of the road. In 
Col. 9 space was provided for recording the curb and shoulder characteristics of the 
particular section, with shoulder width indicated for both right and left shoulders. 
Zero for shoulder width was used to indicate a curve section. Col. 10 provides space 
for recording the posted speed for each section. Col. 11 provides space for recording 
the termini of each section by milepost. Space was also provided for a very brief 
description of the termini and to indicate median widths.and, further, whether the me­
dians were mountable or unmountable. 

In addition to the field data sheets described above, the field workers carried a plat 
map of the city in which they were working; with a colored pencil they marked the 
route they traveled and indicated breaks between consecutive sections. It was necessary 
for the field workers to terminate a given section with any change in the field charac­
teristics from the previous section; that is, the field workers terminated a given sec­
tion if there was a change from angle to parallel parking and from parallel to no park­
ing, or when the shoulder width changed from one section to another, or if there was 
a difference in culture characteristics, lane width, or indicated speed. These section 
breaks were necessary to obtain, to the extent possible, homogeneous characteristics 
of roadway elements for each section. As an example, it would be impossible to relate 
indicated speeds to accident rates if there were no consistent values of indicated speed 
for the given section. 

The above paragraphs describe the data which were obtained during the field pro­
cedures. However, the data were very incomplete with regard to certain roadway ele­
ments. For example, commercial driveways and units, residential driveways and 
units, and intersections were recorded with regard to their absolute frequency. No 
attempt was made in the field to distinguish between commercial driveways which might 
handle as many as 500 cars per day and those that might not be used more than ten 
times per week. Also, with regard to commercial units and residential units, the only 
thing that was noted was the number of entrances facing the roadway. Thus a 4-unit 
apartment with 1 exit was counted as 1 residential unit, whereas a 4-unit apartment with 
4 exits was counted as 4 units. The situation was often inaccurate with regard to com­
mercial units, since a 10-story building might have only one street entrance while a 
one-story building might have two or more entrances. The former was counted as 
1 commercial unit, whereas the latter was counted as 2 or more commercial units if 
it housed a separate business for each entrance. 

With regard to intersections, no record was made of the type of intersection—that is 
whether it was a "T" or a "X" type. Furthermore, traffic volume on the side streets 
was not recorded nor utilized in any part of the analysis. 

Office Data 

The data gathered in the field as described previously were transcribed in the office 
onto code sheets fFig. 7). In addition to the highway number and beginning milepost 
number reading in Cols. 2 and 3 of the code sheet, an identifying code was used in Col. 
1 to identify the city, county, and population group of the city. 

Col. 4 shows the length of each section in Vioo mile, and Col. 5 shows the average 
traffic volume in hundreds of vehicles per day. Cols. 6 through 9 code the frequency 
of the respective roadway elements per mile of section. These values were obtained 
by multiplying the reciprocal of the length of the section by the frequency of these ele­
ments as indicated on the field sheet. For example, if a section was Vio mile long and 
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Figure 7. Urban roadway elements study by Oregon State Highway Department. 

had 3 commercial driveways, the commercial driveways per mile would be 30. Col. 
10 was used to indicate whether a section was within or without the corporate limits of 
a city by coding zero for suburban and one for corporate sections. 

The culture classification of each section was coded in Col. 11 with 0, 1, and 2 as 
the code for business, residential, and mixed, respectively. Cols. 12 through 14 were 
used for recording intersectional and traffic signal data. For these items the frequency 
per mile was coded. Cols. 15 through 19 were coded direct from the field sheets. 
Col. 20 was used to indicate whether a median was mountable or unmountable with a 
code of zero or one, respectively. The type of parking for each section was indicated 
in Col. 21 by using a code of zero for parallel, one for angle, and two for no parking; 
and three for no parking on one side and parallel on the other, and four for angle park­
ing and parallel parking combined. 

Col. 22 indicated to the nearest foot the effective lane width. This value was ob­
tained by taking the total pavement width less the distance necessary for the type of 
parking which was permitted, divided by the number of lanes. Eight ft was allowed for 
parallel parking and 18 ft for angle parking on each side of the street. Thus, for a road­
way 60 ft from curb to curb which allowed angle parking on both sides, the effective 
lane width would be 60 ft minus 36 ft divided by 2 lanes, for an effective lane width of 
12 ft. If a section had a shoulder width of more than 6 ft, it was assumed that parking 
would be on the shoulder and no reduction was made in the pavement width. 

The accident data recorded in Cols. 23 and 24 were obtained from office records. 
The frequency of accidents on each section was converted into accident rates and ap­
pears in terms of accidents per million vehicle miles. Accident rates were entered 
separately for intersectional and non-intersectional accident rates. 

Appendix B 

IBM PRCXTEDURE 

The data on the completed code sheets were punched onto IBM cards. The code 
sheets were retained as duplicate records, but no further direct work involved them. 
The first step in the IBM procedure was the computation of the total accident rate, that 
is, the sum of the intersectional and non-intersectional accident rates. The IBM cal­
culating punch type 602-A was used in the summation, and in this way the total accident 
rates were punched on the card from which the intersectional and non-intersectional 
rates were read. In the next step of the IBM computations, the sums of squares and 
the sums of the cross products among all the factors were developed. The 602-A 
punched these sums in summary cards following the deck of data cards. This same 
deck of data cards was then processed from the IBM accounting machine which printed 
the totals of each factor. In these two operations, all the data necessary in the compu­
tation of correlation coefficients were made available (assuming the sample size was 
known). In actual practice these operations were preceded by a stratification on the 
basis of desired grouping by means of the IBM sorter. 
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Figure 8. IBM card layout—roadway elements study. 

A sample IBM card appears in Figure 8. A detailed description of the information 
appearing there is as follows: county, city, population codes rcols. 1 through 5), high­
way number fCols. 6 to 8), beginning M. P. (Cols. 9 through 13), length of section in 
hundredths of a mile (Cols. 14 through 16), ADT fCols. 17 through 19), commercial 
units per mile (Cols. 20 to 22), commercial driveways per mile ^Cols. 23 through 25), 
residential units per mile (Cols. 26 through 28), residential driveways per mile (Cols. 
29 through 31), urban code (Col. 32), culture code fCol. 33), intersections per mile 
(Cols. 34 through 36), signals per mile (Cols. 37 through 39), channels per mile (Cols. 
40 to 42), speed limit rcols. 43, 44), pavement width (Cols. 45 through 46), shoulder 
width (Cols. 47 through 48), number of lanes (Col. 49), median width (Col. 50, 51), 
median code ^ol . 52), parking code (Col. 53), effective lane (Cols. 54 and 55), non-
intersectional accidents per million vehicle miles ^Cols. 56 through 60), intersectional 
accidents per million vehicle miles (Cols. 61 through 65), and total accidents per mil­
lion vehicle miles '^Cols. 66 through 70). As mentioned before, the data in Cols. 1 
through 65 were key punched onto the card, whereas the data in Cols. 66 through 70 
were calculated using the 602-A and punched onto the same card. 

Appendix C 

M U L T I P L E CORRELATION TECHNIQUE 

The analytic procedures employed in this study were attempts to evaluate the indi­
vidual contributions of various roadway factors and ultimately the joint effects of the 
several roadway elements taken together upon the accident ejcperience. The multiple 
correlation technique is ideally suited to this end since it is designed to provide an es­
timate of the over-all relationship between several factors and a given factor. In this 

TABLE 7 
ILLUSTRATION OF MULTIPLE CORRELATION TECHNIQUE 

Part 1 Intercorrelations, means, and standard deviations of the data of 
the multiple correlation illustrations. 

Two-Lane Urban, 10,000 and over ADT 

Intercorrelations iv) 

Xi X4 Xs Xe XT X, M 
X Standard 

fCU) (CDW) WT) (SIG) rsP) 'A) Mean Deviation 

Xa fADT) 0 1794 0 0748 0.1795 0 1470 -0.1502 0.4190 119. 231 16 439 
Xs fCU) - 0. 5751 0 6251 0. 6259 -0. 4283 0 6684 53. 615 49. 516 
X4 fCDW) - - 0 4314 0.3279 -0. 5343 0. 4386 31 538 18. 731 
Xs fINT) - - - 0 3861 -0.4102 0. 5327 15. 577 6 968 
Xe rsiG) - - - - -0 3391 0.8485 2. 462 3 003 
X, rsp) - - - - -0. 4363 31 538 7.308 

X, 'A) - - - - - - 19.055 17. 571 
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T A B L E 8 

ILLUSTRATION O F M U L T I P L E CORRELATION BY THE D O O L I T T L E METHOD 
Two-Lane Urban and Suburban, ADT 10,000 and over 

Part 2 

Column Number 2 3 4 5 6 7 1 

Variable ADT CU CDW INT SIG SP A Check Sum 

Row Instructions 

A 
B 

r>K 
A + (-A,) 

1. 0000 
-1.0000 

0.1794 
-0.1794 

0. 0748 
-0.0748 

0.1795 
-0.1795 

0.4170 
-0.4170 

-0.1502 
0.1502 

0.4190 
-0. 4190 

2.1195 
-2.1195 

C 
D 

n K 
A X Bs 

(0.1794) 
(-0.1794) 

1. 0000 
-0.0332 

0.5751 
-0.0134 

0. 6251 
-0.0322 

0. 6259 
-0. 0748 

-0. 4283 
0. 0269 

0. 6684 
-0.0752 

3. 2456 
-0. 3802 

E 
F 

C + D 
E + ( -E, ) 

0.9678 
-1.0000 

0. 5617 
-0. 5804 

0.5929 
-0.6126 

0.5511 
-0.5694 

-0.4014 
0.4148 

0. 5932 
-0. 6129 

2. 8654 
-2.9607 

G 
H 
I 

r<K 
A X B4 
E X FA 

(0. 0748) 
(-0.0748) 

m. 5751) 
(-0. 0134) 
(-0. 5617) 

1. 0000 
-0.0056 
-0.3260 

0.4314 
-0.0134 
-0.3441 

0.3279 
-0.0312 
-0.3199 

-0.5343 ' 
0.0112 
0. 2330 

0.4386 
-0.0313 
-0.3443 

2.3155 
-0.1585 
-1.6631 

J 
K 

G + H + I 
J + ( - J 4 ) 

0. 6684 
-1.0000 

0. 0739 
-0 1106 

-0. 0232 
0.0347 

-0. 2901 
0.4340 

0. 0630 
-0.0943 

0.4919 
-0. 7359 

L 
M 
N 
0 

rsK 
A + Bs 
E X Fs 
J x K s 

(0.1795) 
(-0.1795) 

(0.6251) 
(-0.0332) 
(-0. 5929) 

(0.4314) 
(-0. 0134) 
(-0. 3441) 
(-0.0739) 

1 0000 
-0.0322 
-0. 3632 
-0.0082 

0. 3861 
-0.0749 
-0.3376 
0. 0026 

-0. 4102 
0. 0270 
0.2459 
0. 0321 

0.5327 
-0. 0752 
-0. 3634 
-0.0070 

2.7446 
-0.3804 
-1.7553 
-0.0544 

P 
Q 

L + M + N + 0 
P-!-(-P.) 

0. 5964 
-1.0000 

-0. 0238 
0. 0399 

-0.1052 
0.1764 

0.0871 
-0.1460 

0. 5545 
-0.9297 

R 
S 
T 
U 
V 

W 
X 

A' 
B' 
C 
D-
E ' 
F ' 

G' 
H' 

rdC 
A x B e 
E X Fe 
J x K s 
P x Q , 
R + S + T + U + V 
W <- (-W.) 

r ,K 
A X BT 
E X F , 
J X K T 
P x Q , 
W x X , 

(0.4170) 
(-0.4170) 

(-0.1502) 
(0.1502) 

(0. 6259) 
(-0. 0748) 
(-0. 5511) 

(-0.4283) 
(0. 0269) 
(0.4014) 

(0. 3279) 
(-0. 0312) 
(-0. 3198) 

(0. 0232) 

(-0. 5343) 
(0.0112) 
(0. 2330) 
(0. 2901) 

0. 3861 
(-0. 0749) 
(-0. 3376) 

(0. 0026) 
0. 0238 

1. 0000 
-0.1739 
-0.3138 
-0.0008 
-0. 0009 

-0. 3391 
0. 0626 
0. 2286 

-0.0101 
-0.0042 

0.8485 
-0.1747 
-0. 3378 
0. 0022 

-0. 0035 

3. 2663 
-0.8838 
-1.6316 
0.0171 

-0.0221 

A' + B ' + C 
G + ( -GT) 

+ D" + E ' + F ' 

0.5106 -0. 0622 0. 3417 0. 7901 
-1.0000 0.1218 -0.6692 -1.5474 

(-0.4102) (-0. 3391) 1. 0000 -0.4363 -1.2984 
(0.0270) (0. 0626) -0.0226 0. 0629 0 3183 
(0. 2459) (0. 2286) -0.1665 0. 2461 1.1886 
(0.0321) (-0.0101) -0.1259 0. 0273 0.2135 
(0.1052) (-0.0042) -0. 0186 0. 0154 0.0978 

(0. 0622) -0. 0076 0.0416 0.0962 

0.6588 -0.0430 0.6160 
-1.0000 0.0653 -0.9350 

study the given factor was always the accident rate whether this be for non-intersectional, 
intersectional, or total accidents. The multiple correlation procedure provides two val­
uable forms of information. First , it provides a coefficient of multiple correlation 
(R) which expresses quantitatively the extent of association between the several factors 
and the accident rates. This multiple correlation coefficient varies from 0 to 1. The 
stronger the relationship between these various roadway factors and accident rates, 
the larger R becomes. K there is no relationship, R equals 0; if there is perfect re­
lationship, R equals 1. The second important result of the multiple correlation tech­
nique is the development of a multiple regression equation. The multiple regression 
equation is a statement of the theoretical contribution of the various roadway elements 
to the accident rate. The effectiveness of the multiple regression coefficient and equa­
tion depends on the predictive factors selected for study. 

In other words, if there are 20 factors, the regression equation's usefulness will 
depend upon the particular variables chosen for analysis. Thus, it would be impracti­
cal to evaluate the separate contributions of all the factors when it can be assumed that 
many of the 20 variables will be of little or no appreciable value. The decision as to 
which variables to include is made on the basis of the variable's relationship to the ac­
cidents recorded. A quantitative measure of these relationships is given by the Pear-
sonian correlation coefficient: 

^ ^ N S X Y - ( 2 X ) ( S Y ) 

V n S x ' - (SX)*> /N2Y' - (SYf 
(I) 
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TABLE 9 
ILLUSTRATION OF MULTIPLE CORRELATION TECHNIQUE 

Two-Lane Urban and Suburban, ADT 10,000 and Over 
A Check of the Back Solution of the Normal Equation 

The Back Solution 

PIT. 23456 -0. 0653 = -0.0653 <-m) 
Pl6. 23456 0 6612 = -0.0080 +0. 6692 f-XI) 

Pl5. 23 4 56 0 1609 = +0 0264 -0. 0115 +0 1460 (-Q1) 

Pl4. 23456 0 0711 = -0. 0178 +0 0229 -0.0283 +0. 0943 f-KI) 

Pl3 23456 0 0694 = -0.0413 -0. 0986 -0.3765 -0 0271 +0 6129 f-FI) 

Pl2 23 456 0.0868 = -0 0125 -0 0053 -0. 0289 -0. 2757 -0. 0098 +0 4190 r-BI) 

Note: The Beta Coefficients found at the left of each row are the algebraic sums of the values to the right of the equal 
sign: 1 e P 15 23467 " °- ' °- * ° 

A Check of the Back Solution 

PlK r K , PlKrK,^ 

x ADT 0.0868 -0.1502 -0 0130 
X CU 0 0694 -0 4283 -0. 0297 
X CDW 0 0711 -0. 5343 -0 0380 
X INT 0.1609 -0.4102 -0. 0660 
X SIG 0 6612 -0. 3391 -0 2242 
X SP -0 0653 1.0000 -0 0653 

X A r j ^ = -0. 4363 ^PlKrK.^ -0. 4362 

in which: 

N = Number of sections; 
2 X = Sum of the X-factor values (e. g. 
S Y = Sum of the Y-factor values (e. g. 
S Y ^ = Sum of the squared Y-factors; 
S X * = Sum of the squared X-factors; and 
S X Y = Sum of the X and Y crossproducts 

sum of CDW); 
sum of accident rates); 

As shown in Eq. 1, the two sums of squares, the sum of the crossproducts, the two 
individual sums, and the sample size, are the only data required for the calculation. 
The results of the IBM computations described in Appendix B provided this information. 
Insertion in Eq. 1 and the subsequent calculation was accomplished by a desk calculator. 
After a large portion of the analysis had been completed, an IBM 650 became available 
and a program was obtained which computed all the zero order correlations and the final 
regression equations. This reduced tremendously the amount of desk calculator work 
required in making the computations. 

In a general way, the factors which will have the most value in a multiple regres­
sion technique or multiple regression equation, are those which are most highly cor­
related with the factor that is to be predicted, and at the same time related to the 
slightest extent to the other predicting factors. In the example that will be illustrated 
shortly these most valuable factors are: average daily traffic, commercial units, com­
mercial driveways, intersections, signals, and speed. This example shows the devel­
opment of the equations for prediction of accident rates on 2-lane urban roadways with 
an ADT of 10,000 and over. The zero order correlations between the various factors 
and the accident rates are shown in Table 7, along with the means and the standard de­
viations of each of the factors concerned (the mean is the same as the arithmetic av­
erage, and the standard deviation is the standard way of presenting the amount of var i ­
ability within the group). All the data are available which are necessary to proceed 
with the development of the multiple correlation coefficient and the multiple regression 
equation. 

Eq. 2 is used to develop the coefficient of multiple correlation. 
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^.234567 = VPI2'^12+ PI3^13 + hi^A^ ^Ibhb^ ^6^6^ hlhl 
(^) 

All the information necessary to solve this equation is contained in Tables 7, 8, and 
9. This illustrates the method of multiple correlation developed by Doolittle. * Substi­
tuting the appropriate values, the multiple correlation coefficient becomes 0. 888. 

Table 9 provides the check of the Back Solution of the Beta coefficients shown in the 
table. The next step in the multiple correlation technique is the development of a multiple 
regression equation. This is shown in Eq. 3. 

Y = a + bjgMg + ^ 3 ^ 3 ^ 1̂4̂ 4 + ^15^5 ^ ̂ 'le'^e ^ ^17^7 '3) 

The coefficients shown in Eq. 3 are developed as shown in Eqs. 4, 5, 6, 7, 8, and 
9: 

bl2 = ' * ^ l S ) P I 2 (4) 

h 3 = V ' ^ 3 ) P l 3 r5) 

^ 4 = S/-4) Pl4 

h 5 = V - 5 ) P l 5 

» ' l 6 = W P l 6 

^ 7 = ' '^ l /^ ) Pl7 

where a-^, Cg. o-g, a^, Cg, «''g> Cy. are the standard deviations of accident rates, aver­

age daily traffic, commercial units, commercial driveways, intersections, signals, 

and speed, respectively. The Beta Coefficients are those shown in Table 9. 
The a coefficient of Eq. 10 is developed by subtracting the products of the various b 

coefficients, times their means (M) from the mean of the predicted value, in this case 
the mean of the accidents. 

a = M , - b^^M^ - b^gMg - bj^M^ - b^gMg - b^^M^ - b ,̂̂ M^ (10) 

Substituting the appropriate values, the multiple regression equation becomes that 
shown in Table 5. The equation is repeated in Eq. 11. 

A = -18. 21 + 0. 09 ADT + 0. 25 CU + 0. 07 CDW + 0. 41 INT + 3. 87 SIG 
- 0 . 1 6 S P (11) 

For example, if a particular 1-mile section in this volume range had a 35-mile in­
dicated speed, 14 intersections, 59 commercial units, 49 commercial driveways, 2 
signals, and an average daily traffic of 10,800, the predicted number of accidents 
would be derived as follows: 

A = -18. 21 + 0. 09(108) + 0. 25(59) + 0. 07(49) + 0. 4iri4) + 3. 87(2) 
-0.16(35) 

A = -18. 21 + 9. 72 + 14. 75 + 3. 43 + 5. 74 + 7. 74 - 5. 60 = 17. 57 Accidents/mvm 

* Guilford, J . P., "Psychometric Methods. " McGraw-Hill Book Company, p. 393-399, 
(1936). 




