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ABSTRACT 

The purpose of t h i s  s t u d y  was t o  de termine  t h e  e f f e c t  

of roadway markings wi th  regard  t o  v e h i c l e  encroachment: on 

crosswalks  a t  s i g n a l - c o n t r o l l e d  i n t e r s e c t i o n s .  

The seven i n t e r s e c t i o n s  s e l e c t e d  f o r  s tudy  were such 

a s  t o  pe rmi t  e v a l u a t i o n  of t h e  e f f e c t s  of number of l a n e s ,  

one-way v e r s u s  two-way t r a f f i c ,  and pavement markings 

(crosswalk ,  crosswalk and s t o p  l i n e ,  end of c e n t e r  l i n e ) .  

Sex of d r i v e r ,  type  of  v e h i c l e ,  and v e h i c l e  d i r e c t i o n  a f t e r  

s topp ing  were o t h e r  v a r i a b l e s  i n v e s t i g a t e d ,  A 16-mm. 

movie camera was used t o  r ecord  t h e  s topp ing  p o i n t  of each 

v e h i c l e .  

Veh ic les  which s topped c l o s e  t o  i n t e r s e c t i o n s  tended 

t o  be d r i v e n  by females ,  t o  be t r u c k s  r a t h e r  than  passen- 

g e r  c a r s ,  and t o  t u r n  a f t e r  s topp ing .  Vehic les  were a l s o  

l i k e l y  t o  s t o p  f a r t h e r  from t h e  curb  l i n e  on four - l ane  

than on two-lane roads .  Stopping p o i n t s  on one-way and 

two-way roads  were n o t  d i s c e r n i b l y  d i f f e r e n t .  The per-. 

cen tage  of v e h i c l e s  s topp ing  on crosswalks  was found t o  

be  s m a l l e s t  a t  i n t e r s e c t i o n s  marked w i t h  a  crosswalk and 

a  s t o p  l i n e .  

A t e n t a t i v e  recommendation i s  made f o r  a  placement 

of s t o p  l i n e s  l i k e l y  t o  reduce v e h i c l e  encroachment on 

crosswalks  t o  a c c e p t a b l e  l e v e l s .  
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INTRODUCTION 

I n  1966, 25% of p e d e s t r i a n  f a t a l i t i e s  i n  Michigan 

r e p o r t e d l y  occur red  a t  i n t e r s e c t i o n s  (1). On t h e  b a s i s  

of d a t a  f o r  1962, it i s  e s t i m a t e d  t h a t  2 0 %  of such fa tar l i -  

t ies  (5% of t h e  t o t a l )  took p l a c e  when t h e  p e d e s t r i a n  was 

c r o s s i n g  wi th  t h e  s i g n a l  a t  a  s i g n a l - c o n t r o l l e d  i n t e r -  

s e c t i o n .  The percentage  of p e d e s t r i a n s  k i l l e d  whi le  walk- 

i n g  a g a i n s t  t h e  s i g n a l  was approximately e q u a l .  

P e d e s t r i a n s  s t r u c k  by v e h i c l e s  whi le  c r o s s i n g  wi th  

t h e  s i g n a l  may have been v i c t i m s  of d r i v e r s  who d i d  not: 

s e e  them o r  t h e  red  s i g n a l  i n  t ime t o  s t o p .  I t  i s  a l s o  

p o s s i b l e  t h a t  some of them were s t r u c k  by v e h i c l e s  i n  t h e  

c r o s s - t r a f f i c  s t ream whi le  walking around a  c a r  o r  t r u c k  

s topped on t h e  crosswalk .  S t a t i s t i c a l  d a t a  a r e  n o t  su f -  

f i c i e n t l y  d e t a i l e d  t o  a s c e r t a i n  t h e  frequency of t h e s e  

e v e n t s .  However, about  3% of t h e  p e d e s t r i a n s  f a t a l l y  

i n j u r e d  a t  Michigan i n t e r s e c t i o n s  i n  1962 were categor--  

i z e d  a s  c r o s s i n g  d i a g o n a l l y .  I t  i s  p o s s i b l e  t h a t  some of 

t h e s e  were a c t u a l l y  moving around a  v e h i c l e  which was 

o b s t r u c t i n g  t h e  crosswalk.  

Obviously, more d e t a i l e d  s t a t i s t i c s  from a c c i d e n t  

r e p o r t s  would have t o  be compiled t o  determine t h e  s ig--  

n i f i c a n c e  t o  p e d e s t r i a n  s a f e t y  of v e h i c l e s  s topp ing  on 

crosswalks .  However, we do know t h a t  about  50% of urban 

p e d e s t r i a n  f a t a l i t i e s  occur  a t  p l a c e s  o t h e r  than  i n t e r - -  



s e c t i o n s .  Assuming t h a t  most p e d e s t r i a n s  c r o s s  t h e  s t r e e t  

a t  i n t e r s e c t i o n s ,  it i s  impor tant  t h a t  p e d e s t r i a n s  be 

encouraged t o  use csosswalks ,  where t h e  f a t a l i t y  r a t e  i s  

undoubtedly lower. This  makes it a l l  t h e  more d e s i r a b l e  

t o  i n c r e a s e  t h e  a c t u a l  and psycho log ica l  s a f e t y  of  c r o s s -  

walks and t o  des ign  crosswalks t o  provide  adequate pedes- 

t r i a n  flow. 

Because t h e s e  g o a l s  cannot  be r e a l i z e d  i f  v e h i c l e s  

con t inue  t o  s t o p  on crosswalks ,  t h e  p r e s e n t  s tudy  sought  

t o  measure t h e  e x t e n t  of such i n t r u s i o n s  and t h e  e f f e c t  

on them of v a r i o u s  roadway markings. 

The Michigan Vehicle  Code (2) s t i p u l a t e s  t h a t  c ross -  

walk l i n e s  s h a l l  be 6 inches  wide, t h a t  s t o p  l i n e s  s h a l l  

be n o t  l e s s  than  1 2  nor  more than 18 inches  wide and p laced  

a t  l e a s t  4 f e e t  from t h e  n e a r  crosswalk l i n e ,  and t h a t  

c e n t e r  l i n e s  s h a l l  be n o t  l e s s  than 4 nor  more than 6 

inches  wide. 

These s p e c i f i c a t i o n s  have no b a s i s  i n  r e sea rch .  For 

example, it i s  e v i d e n t  t h a t  a  s t o p  l i n e  p laced t o o  c l o s e  

t o  o r  f a r  from t h e  crosswalk w i l l  n o t  s t o p  v e h i c l e s  w i t h i n  

t h e  d e s i r e d  d i s t a n c e .  The most e f f e c t i v e  p o s i t i o n  f o r  t h e  

s t o p  l i n e  can be decided only  a f t e r  t a k i n g  r e l e v a n t  mea- 

surements of d r i v e r  behavior .  By va ry ing  t h e  width  of 

t h e  s t o p  l i n e ,  Marvin ( 3 )  found t h a t  a  width of 9 i n c h ~ s s  

allowed t h e  b e s t  c o n t r o l  of v e h i c l e  s topp ing  p o s i t i o n  a s  

measured by t h e  number of c a r s  t h a t  encroached upon t h e  

crosswalk a r e a .  I n  t h a t  s t u d y ,  crosswalk l i n e s  were 9 

f e e t  a p a r t  and t h e  s t o p  l i n e  4 f e e t  i n  f r o n t  of t h e  crloss- 

walk. 

There has  been no r e s e a r c h  e f f o r t  t o  cons ide r  t h e  

o t h e r  v a r i a b l e s  i n  roadway markings which may a f f e c t  c a r  

s t o p p i n g  p o s i t i o n ,  



The purpose of the  p re sen t  s tudy was t o  observe t.he 

s topping pos i t i on  of t he  f i r s t  c a r  t o  approach an i n t e r -  

s e c t i o n  on t h e  red  s i g n a l ,  and t h e  e f f e c t s  of v a r i a t i o n s  

i n  roadway markings, sex of t h e  d r i v e r ,  type of veh ic l e ,  

and d i r e c t i o n  taken a f t e r  l eav ing  t h e  i n t e r s e c t i o n .  



METHOD 

The major purpose of t h i s  s tudy  was t o  determine t h e  

e f f e c t s  of c e r t a i n  roadway d e l i n e a t i o n s  upon c a r  s topp ing  

p o s i t i o n .  However, it was assumed t h a t  o t h e r  roadway 

c h a r a c t e r i s t i c s  might a l s o  a f f e c t  d r i v e r  behavior  i n  s top-  

p ing  f o r  r e d  l i g h t s .  I n  our s e l e c t i o n  of seven interscsc- 

t i o n s  i n  t h e  C i t y  of Ann Arbor,  we a t tempted t o  o b t a i n  

some c o n t r o l  over  t h e s e  o t h e r  v a r i a b l e s .  Table 1 shows 

TABLE 1, 

CHARACTERISTICS OF SELECTED INTERSECTIONS 

Number 
I n t e r s e c t i o n  of Way Road Marking 

Lanes 

2 Two Crosswalk 

2 Two Crosswalk and Stop 

I 3  2 Two End of Center  Line 

2 One Crosswalk 

2 One Crosswalk and Stop 

2 One End of Center  Line 

4 Two Crosswalk and Stop 

t h e  number of l a n e s ,  one-way o r  two-way road,  and type of 

marking a t  each i n t e r s e c t i o n  measured. F igures  1-7 sh.ow 

t h e  k inds  of markings p r e s e n t  a t  each i n t e r s e c t i o n  and t h e  

d i s t a n c e s  of markings from t h e  i n t e r s e c t i o n s .  (See below 
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f o r  d e f i n i t i o n  o f  terms. ) 

A 16-mrn. movie camera was used ,  i n  s ing le - f r ame  mode, 

t o  t a k e  p i c t u r e s  of v e h i c l e s  a f t e r  t h e y  had come t o  an 

i n i t i a l  s t o p  i n  response  t h e  r e d  t r a f f i c  s i g n a l  t h e  

i n t e r s e c t i o n s .  Each i n t e r s e c t i o n  was measured f o r  approx- 

i m a t e l y  two hour s  on each of two days ,  s t a r t i n g  a t  8:30 

a.m. on one day and a t  10:30 a.m. on t h e  second.  Days and 

t imes  of measurement were a s s i g n e d  a t  random t o  g iven  

i n t e r s e c t i o n s .  

For purposes  of measurement, t h e  fo l lowing  d e f i n i -  

t i o n s  were used .  

Veh ic l e  s t o p p i n g  p o s i t i o n :  t h e  p o s i t i o n  of  t h e  f r o n t  

bumper a t  t h e  i n i t i a l  s t o p p i n g  p o i n t  i n  f r o n t  of t h e  t r a f -  

f i c  s i g n a l .  

Curb l i n e :  an imaginary ex tended  l i n e  from t h e  curb  

of  t h e  road  i n t e r s e c t i n g  t h a t  on which t h e  v e h i c l e  i s  

s topped .  

Crosswalk l i n e s :  t h e  cont inuous  wh i t e  l i n e s  a c r o s s  

t h e  road  d e l i n e a t i n g  t h e  p e d e s t r i a n  c r o s s i n g  a r e a .  

Near c rosswalk  l i n e :  t h e  c rosswalk  l i n e  which i s  - 
f u r t h e r  from t h e  curb  l i n e  and n e a r e r  t o  a  v e h i c l e  s topped  

i n  f r o n t  of t h e  c rosswalk .  

S top  l i n e :  t h e  wh i t e  l i n e  p a i n t e d  a c r o s s  t h e  l a n e  a t  

l e a s t  4 f e e t  i n  f r o n t  of  t h e  n e a r  c rosswalk  l i n e .  

P r i o r  t o  measurement, p i c t u r e s  were t aken  of one- foot  

markings p l aced  on bo th  cu rbs  and on t h e  c e n t e r  l i n e  of  

t h e  road .  These were used t o  deve lop  a  s c a l e  on a  p r o j e c -  

t i o n  s c r e e n  f o r  d a t a  r e d u c t i o n  from t h e  p i c t u r e s  of 

s topped  v e h i c l e s .  The accuracy  of t h i s  t echn ique  was 

checked by comparison of measurements t aken  by t h e  photo- 

g r a p h i c  t echn ique  and by t a p e  measure. The a b s o l u t e  

ave rage  e r r o r  a t t r i b u t a b l e  t o  s c a l i n g  and pho tog raph ic  

d a t a  r e d u c t i o n  was one i n c h ,  a  magnitude cons ide red  t o l e r a b l e  



f o r  t h e  k i n d  of measurement be ing  made, 

So t h a t  d r i v e r s  would n o t  n o t i c e  t h a t  they  were be ing 

photographed, t h e  movie camera was covered wi th  a  box and 

mounted on a  t r i p o d ,  l o c a t e d  inconspicuously  b e s i d e  a  

b u i l d i n g ,  and opera ted  by remote c o n t r o l  through a r a d i o  

t r a n s m i t t e r .  

The number of p e d e s t r i a n s  who walked a c r o s s  t h e  i n t e r -  

s e c t i o n  d u r i n g  t h e  r e d  phase of t h e  t r a f f i c  s i g n a l  was 

counted ,  a s  w e l l  a s  t h e  number of c a r s  which passed through 

on t h e  green.  The type  of v e h i c l e  photographed ( c a r  o r  

t r u c k ) ,  t h e  s e x  of t h e  d r i v e r ,  and t h e  d i r e c t i o n  t h e  v e h i c l e  

took on l e a v i n g  t h e  i n t e r s e c t i o n  were a l s o  recorded.  

Although every  e f f o r t  was made t o  ensure  t h a t  t h e  i n t e r -  

s e c t i o n s  were a s  s i m i l a r  a s  p o s s i b l e  wi th  r e s p e c t  t o  v a r i -  

a b l e s  i n  roadway markings, such a s  t h e  width  of  t h e  c ross -  

walk and i t s  d i s t a n c e  from t h e  edge of t h e  i n t e r s e c t i o n ,  

t h e r e  was some v a r i a b i l i t y  among t h e  i n t e r s e c t i o n s ,  I n  t h e  

subsequent  d a t a  a n a l y s e s ,  t h e s e  v a r i a b l e s  were taken i n t o  

account  a s  much a s  p o s s i b l e .  



RESULTS 

The major  v a r i a b l e s  of  t h i s  s t u d y  were: t h e  n a t u r e  

o f  t h e  i n t e r s e c t i o n  (number of  l a n e s ,  one-way o r  two-way 

r o a d ,  k i n d  of markings u s e d ) ;  t h e  s e x  o f  t h e  d r i v e r ;  t h e  

t y p e  of  v e h i c l e ;  and t h e  d i r e c t i o n  of  t h e  v e h i c l e  a f t e r  

t h e  s t o p .  

The f i r s t  a n a l y s i s  was concerned  w i t h  i d e n t i f y i n q  

t h o s e  of t h e  f a c t o r s  measured which most a f f e c t e d  v e h i c l e  

s t o p p i n g  p o s i t i o n .  The computer program used  was one 

deve loped  by S o n g u i s t  and Morgan ( 4 ) ,  t h e  Automatic  I n t e r -  

a c t i o n  D e t e c t o r  ( A I D )  , which tes ts  a l l  p o s s i b l e  combina- 

t i o n s  o f  f a c t o r s  t o  de t e rmine  t h o s e  t o  which v a r i a n c e  i n  

t h e  dependent  v a r i a b l e  i s  most a t t r i b u t a b l e .  For  example,  

t h e  A I D  program h a s  a l s o  been used  by C a r l s o n  ( 5 )  t o  p:re- 

d i c t  t h e  c h a r a c t e r i s t i c s  o f  h i g h  a c c i d e n t - f r e q u e n c y  d r i v e r s .  

AID ANALYSIS: DISTANCE FROM CURB 

The A I D  a n a l y s i s  was f i r s t  c a r r i e d  o u t  u s i n g  t h e  d i s -  

t a n c e  of  t h e  v e h i c l e  s t o p p i n g  p o i n t  from t h e  c u r b  l i n e  a s  

t h e  dependent  v a r i a b l e .  The r e s u l t s  of  t h i s  a n a l y s i s  a r e  

shown i n  F i g u r e  8 ,  which a l s o  shows t h e  r e s u l t s  o f  t h e  

t t e s t s  run  a f t e r  each  s p l i t  by t h e  proaram. I t  w i l l  be 

n o t i c e d  t h a t  t h e  f i r s t  s p l i t  was made between i n t e r s e c t i o n s  

I5 and I (Group 2 )  and t h e  r ema in ing  i n t e r s e c t i o n s ,  7  I:1 
12, I j ,  14, and Is (Group 3 ) .  A t t e s t  between t h e  means 

o f  Group 2 and Group 3 d a t a  was h i g h l y  s i g n i f i c a n t .  Sub- 

s e q u e n t  s p l i t s  f o r  t h e  Group 2 d a t a  between I7  and I5 i n d i -  

c a t e d  t h a t  v e h i c l e s  s t o p p e d  s i g n i f i c a n t l y  f a r t h e r  i n  f r o n t  

o f  t h e  c u r b  l i n e  a t  I7  t h a n  a t  Is.  The a n a l y s e s  f o r  t h e  

Group 2  d a t a  a r e  shown i n  Groups 1 8 ,  1 4 ,  1 9 ,  and 1 5 ,  i n  

which t h e  s p l i t  was based  on t h e  d i r e c t i o n  t h e  v e h i c l e  t ook  

when it l e f t  t h e  i n t e r s e c t i o n .  The e f f e c t  o f  d i r e c t i o n  a t  

I5 and I7 was n o t  s i g n i f i c a n t .  Re tu rn ing  t o  t h e  Group 3 



F i g u r e  8 .  A I D  A n a l y s i s  of Stopping P o s i t i o n  
M e a s u r e d  f r o m  C u r b  L i n e  

GROUP 18 

GROUP 19 

7 = M e a n  s topping  d i s t a n c e  f r o m  curb l i n e  

INTERSECTION N = N u m b e r  of v e h i c l e s  

GROUP 16 

INTERSECTION 

t = 17.62 



d a t a ,  a  s p l i t  was made t o  d e r i v e  Groups 4 and 5 ,  r e f l e c t i n g  

s i g n i f i c a n t l y  s h o r t e r  mean s t o p p i n g  d i s t a n c e s  a t  I 4  t h a n  a t  

i n t e r s e c t i o n s  i n  Group 4 .  The s p l i t  o f  Group 4 d a t a  i n d i -  

c a t e d  t h a t  a t  I1 t h e  mean s t o p p i n g  d i s t a n c e  from t h e  c u r b  

l i n e  was s i g n i f i c a n t l y  s h o r t e r  t h a n  a t  12, 13, and 16. The 

s p l i t  of Group 6 t o  o b t a i n  Groups 8 and 9 was based  on t h e  

d i r e c t i o n s  v e h i c l e s  took  upon l e a v i n g  t h e  i n t e r s e c t i o n ;  it 

w i l l  be  n o t e d  t h a t  v e h i c l e s  which c o n t i n u e d  on a  s t r a i g h t  

p a t h  s t o p p e d  s i g n i f i c a n t l y  f a r t h e r  from t h e  c u r b  l i n e  t h a n  

v e h i c l e s  which t u r n e d  e i t h e r  l e f t  o r  r i g h t .  The s p l i t .  of  

Group 9 d a t a  on t h e  b a s i s  o f  t h e  s e x  of  t h e  d r i v e r  showed 

t h a t  males  t ended  t o  s t o p  s i g n i f i c a n t l y  f a r t h e r  from t:he 

i n t e r s e c t i o n  t h a n  f e m a l e s ,  The f i n a l  s p l i t  was based  on 

t h e  d i r e c t i o n  t a k e n  by male d r i v e r s .  Here t h e  d i f f e r e n c e  

was n o t  s t a t i s t i c a l l y  s i g n i f i c a n t ,  a l t h o u g h  t h e r e  was an 

i n d i c a t i o n  t h a t  d r i v e r s  who t u r n e d  l e f t  were somewhat 

f a r t h e r  from t h e  i n t e r s e c t i o n  t h a n  t h o s e  who t u r n e d  r i g h t .  

The r e s u l t s  of t h e  a n a l y s i s  ( F i g u r e  8 )  i n d i c a t e d  t h a t  

v e h i c l e s  s topped  n e a r e s t  t o  t h e  c u r b  l i n e  i n  i n t e r s e c t i o n  

14, where t h e  n e a r e s t  marking ( t h e  n e a r  c ros swa lk  l i n e )  

was c l o s e r  t o  t h e  i n t e r s e c t i o n  t h a n  i n  t h e  o t h e r  l o c a t i o n s .  

Next i n  o r d e r  was I l l  where t h e  n e a r e s t  marking,  a g a i n  t h e  

n e a r  c ros swa lk  l i n e ,  was s l i g h t l y  f a r t h e r  from t h e  i n t e r -  

s e c t i o n  t h a n  a t  14. A t  12, 13, and 16, s t o p p i n g  d i s t a n c e s  

were n o t  s i g n i f i c a n t l y  d i f f e r e n t ;  h e r e  t h e  f i r s t  marking 

t h e  d r i v e r  would e n c o u n t e r  was f a r t h e r  from t h e  c u r b  l l ine 

t h a n  i n  I4  o r  11, a t  abou t  t h e  same d i s t a n c e  i n  a l l  t h r e e .  

The f i r s t  marking encoun te red  by t h e  d r i v e r  was f a r t h e s t  

from t h e  c u r b  l i n e  i n  i n t e r s e c t i o n s  I5 and 17, i n  ascend-  

i n g  o r d e r .  Thus t h e r e  was a  d i r e c t  r e l a t i o n s h i p  between a  

d r i v e r ' s  s t o p p i n g  d i s t a n c e  and t h e  d i s t a n c e  from t h e  i n t e r -  

s e c t i o n  of t h e  f i r s t  marking he encoun te red .  A r ank -o rde r  

c o r r e l a t i o n  between t h e  d i s t a n c e  of  t h e  f i r s t  marking from 



t h e  c u r b  l i n e  and t h e  mean s t o p p i n g  d i s t a n c e  showed a  co r -  

r e l a t i o n  c o e f f i c i e n t  of 0 . 8 9 .  A l so ,  it was n o t i c e d  t h a t  

a t  12, I j ,  and Is d r i v e r s  who l a t e r  proceeded s t r a i g h t  

ahead s topped  s i g n i f i c a n t l y  f a r t h e r  from t h e  c u r b  l i n e  t h a n  

t h o s e  t u r n i n g  l e f t  o r  r i g h t .  And, o f  t h o s e  d r i v e r s  who 

t u r n e d  l e f t  o r  r i g h t ,  males  s topped  s i g n i f i c a n t l y  f a r t h e r  

from t h e s e  i n t e r s e c t i o n s  t h a n  females .  

A I D  ANALYSIS: DISTANCE FROM FIRST MARKING 

S i n c e  one of  t h e  f i n d i n g s  of  t h e  f i r s t  a n a l y s i s  was 

a  s i g n i f i c a n t  r e l a t i o n  between t h e  d i s t a n c e  of t h e  marking 

from t h e  i n t e r s e c t i o n  and s t o p p i n g  p o s i t i o n ,  t h e  second 

a n a l y s i s  was c a r r i e d  o u t  u s i n g  a s  dependent  v a r i a b l e  t h e  

d i s t a n c e  a t  which t h e  v e h i c l e  s topped  from t h e  f i r s t  mark- 

i n g ,  Th i s  marking cou ld  b e  t h e  n e a r  c rosswalk  l i n e ,  t h e  

s t o p  l i n e ,  o r  t h e  end of  t h e  c e n t e r  l i n e .  Assuming t h a t  

d r i v e r s  a r e  i n f l u e n c e d  t o  s t o p  t h e i r  v e h i c l e s  a t  t h e  mark 

i n v o l v e d ,  t h e  e f f e c t i v e n e s s  of  a  marking can be d e t e r -  

mined, t o  some e x t e n t  i n d e p e n d e n t l y  o f  o t h e r  i n t e r s e c t i o n  

c h a r a c t e r i s t i c s ,  by measuring t h e  d e v i a t i o n  of  v e h i c l e  

s t o p p i n g  p o s i t i o n s  from t h e  mark. 

F i g u r e  9 shows t h e  r e s u l t s  of  an A I D  a n a l y s i s  i n  which 

t h e  dependent  v a r i a b l e  was t h e  s t o p p i n g  d i s t a n c e  o f  t h e  

v e h i c l e  from t h e  end of t h e  c e n t e r  l i n e ,  n e a r  c rosswalk  

l i n e ,  o r  s t o p  l i n e ,  whichever  was encoun te red  f i r s t ,  I t  

w i l l  be  s een  t h a t  t h e  f i r s t  s p l i t  i n  t h e  a n a l y s i s  was 

between i n t e r s e c t i o n s  I2  and I5 and t h e  o t h e r s .  The r e s u l t  

i n d i c a t e s  a  s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  d e v i a t i o n  of t h e  

s t o p p i n g  d i s t a n c e  from t h e  road  marking between t h e s e  

i n t e r s e c t i o n s ,  and shows t h a t  t h e  s t o p  l i n e  a t  i n t e r s e c -  

t i o n s  I2 and I5 was e f f e c t i v e  i n  s t o p p i n g  t h e  v e h i c l e s  

c l o s e  t o  it. The n e x t  s p l i t  f o r  I2 and I5 was made by 



GROUP 1 2  

- y  = Mean s t o p p i n g  d i s t a n c e  from c u r b  l i n e  

N = Number of v e h i c l e s  

SEX OF DRIVER 

INTERSECTION 

VEHICLE TYPE 

F i g u r e  9. A I D  A n a l y s i s  o f  S t o p p i n g  P o s i t i o n  Measured 
from Near Crosswalk L i n e ,  S t o p  L ine ,  o r  End o f  C e n t e r  L ine  



d i r e c t i o n  and showed t h a t  v e h i c l e s  which cont inued s t r a i g h t  

s topped c l o s e r  t o  t h e  s t o p  l i n e  than  t h o s e  which t u r n e d .  

The d i f f e r e n c e  was, however, n o t  s i g n i f i c a n t ,  For t h e  

Group 2 d a t a  a  s i g n i f i c a n t  s p l i t  occur red ,  a s  shown by Group 

4 and Group 5 d a t a ,  on t h e  b a s i s  of t h e  d i r e c t i o n  f a c t o r ;  

t h i s  i n d i c a t e d  t h a t  v e h i c l e s  which cont inued i n  a  s t r a i g h t  

l i n e  s topped s i g n i f i c a n t l y  f a r t h e r  from t h e  marking than  

t h o s e  which tu rned  l e f t  o r  r i g h t .  The on ly  remaining s i g -  

n i f i c a n t  s p l i t  was made f o r  t h e  Group 3 d a t a  and involved 

t h e  type  of v e h i c l e .  This  a n a l y s i s  shows t h a t ,  among 

v e h i c l e s  which cont inued s t r a i g h t  a f t e r  l e a v i n g  12, pas- 

senger  c a r s  s topped s i g n i f i c a n t l y  c l o s e r  t o  t h e  s t o p  l i n e  

than  t r u c k s  (Groups 18  and 1 9 )  . 
The r e s u l t s  of t h i s  a n a l y s i s  (F igure  9 )  can be sum- 

marized by s t a t i n g ,  f i r s t ,  t h a t  v e h i c l e s  tended t o  s t o p  

c l o s e r  t o  t h e  s t o p  l i n e  than they  d i d  t o  t h e  crosswalk o r  

t h e  end of t h e  c e n t e r  l i n e .  Second, t h e  s topp inq  pos i -  

t i o n s  a t  i n t e r s e c t i o n s  wi th  t h e  s t o p  l i n e  were n o t  s i g n i f i -  

c a n t l y  a f f e c t e d  by t h e  subsequent  d i r e c t i o n  taken by t h e  

v e h i c l e .  Th i rd ,  a t  o t h e r  i n t e r s e c t i o n s  t h e r e  was a  t en -  

dency f o r  those  d r i v e r s  going s t r a i g h t  t o  s t o p  f a r t h e r  from 

t h e  marking than  t h o s e  t u r n i n g  l e f t  o r  r i g h t .  Four th ,  

t r u c k s  s topped s i g n i f i c a n t l y  f a r t h e r  from t h e  s t o p  l i n e  

( a t  i n t e r s e c t i o n  I2  o n l y )  and c l o s e r  t o  t h e  i n t e r s e c t i o n  

than c a r s .  

ROADWAY MARKING AND CROSSWALK ENCROACHMENT 

F igures  1-7 show t h e  s t r u c t u r e  of each i n t e r s e c t i . o n  

and t h e  d i s t r i b u t i o n  and mean of t h e  p o s i t i o n s  a t  which 

t h e  v e h i c l e s  came t o  a  s t o p .  The mean s topp ing  p o s i t i o n s  

a r e  summarized i n  Table 2 .  I t  w i l l  be noted  t h a t  t h e  d i s -  

t r i b u t i o n  f o r  I7 (F igure  7 )  i s  bimodal,  showing t h a t  

d r i v e r  s topp ing  behavior  a t  a  four- lane  i n t e r g e c t i o n  marked 



TABLE 2. 

MEAN VEHICLE STOPPING DISTANCE 

- 
Dis t ance  From D i s t a n c e  From I n t e r s e c t i o n  C u r b l i n e  F i r s t  Marking* 

13.16 f t .  

16.58 f t .  

16 .81  f t .  

9.25 f t .  

20.60 f t .  

16 .01  f t .  

24.46 f t .  

3.58 f t ,  

-1.33 f t .  

3 .81  f t  

4.00 f t .  

-0.40 f t .  

2.76 f t ,  

3.82 f t .  

* P o s i t i v e  v a l u e s  a r e  d i s t a n c e s  i n  f r o n t  of  

t h e  marking. 

w i t h  c rosswalk  and s t o p  l i n e  was a f f e c t e d  by v a r i a b l e s  

n o t  found a t  o t h e r  i n t e r s e c t i o n s .  T h i s  road  was wide r  

t h a n  any o f  t h e  o t h e r s  s t u d i e d ,  and i t  i s  p o s s i b l e  t h a t  

t h i s  a f f e c t e d  s t o p p i n g  p o s i t i o n .  The p e r c e n t a g e  o f  c a r s  

t h a t  s topped  w i t h i n  t h e  c rosswalk  a t  e a c h  i n t e r s e c t i o n  

i s  shown i n  Tab le  3 ,  I t  w i l l  be  s een  t h a t  f o r  i n t e r s e c -  

t i o n s  which had a  s t o p  l i n e  ( I2 ,  I s ,  and 17) t h e  v a l u e s  

were c o n s i d e r a b l y  lower  t h a n  f o r  t h e  o t h e r s .  

ONE-WAY VERSUS TWO-WAY STREETS. I n  comparing I 1 
w i t h  14, I2 w i t h  15, and I3 w i t h  Is ,  no s t a t i s t i c a l l y  s i g -  

n i f i c a n t  d i f f e r e n c e s  were found between two-way and one- 

way r o a d s .  



TABLE 3. 

PERCENTAGE OF VEHICLES STOPPED WITHIN CROSSWALK 

I n t e r s e c t i o n  Cars  Stopped Within Crosswalk - 

- 
*For t h e s e  i n t e r s e c t i o n s ,  w e  e x t r a p o l a t e d  t h e  

c rosswalk  t o  be t h e  same a s  i n  I1. 

NUMBER OF LANES. A comparison o f  I2 and I5 w i t h  I7 

shows t h e  mean s t o p p i n g  p o s i t i o n  a t  I, ( 4  l a n e s )  t o  be 
I 

s i g n i f i c a n t l y  f a r t h e r  from t h e  c u r b  l i n e  t h a n  t h a t  a t  I2 

o r  I5 ( 2  l a n e s ) .  

MARKING. A comparison of I1 w i t h  I2 and I4 w i t h  I5 

shows t h e  e f f e c t  of  t h e  s t o p  l i n e  a t  i n t e r s e c t i o n s  w i t h  

c ros swa lk  markings.  A t  t h e  two i n t e r s e c t i o n s  which had 

a  s t o p  l i n e ,  v e h i c l e s  s topped  s i g n i f i c a n t l y  f a r t h e r  from 

t h e  n e a r  c rosswalk  l i n e .  However, t h e r e  was no  s t a t i s -  



t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  between t h e  p a i r s  of i n t e r -  

s e c t i o n s  12-15, which had a  s t o p  l i n e ,  and 11-14, which 

d i d  n o t .  

S i m i l a r l y ,  comparison of I1 wi th  Ij and iq w i t h  I6 

i n d i c a t e s  t h a t  t h e  mean s topp ing  d i s t a n c e  from t h e  curb  

l i n e  f o r  i n t e r s e c t i o n s  marked only  by t h e  end of t h e  c e n t e r  

l i n e  was s i g n i f i c a n t l y  g r e a t e r  than  t h a t  f o r  i n t e r s e c t i o n s  

marked only  by t h e  crosswalk.  

A comparison of t h e  s topp ing  d i s t a n c e  from t h e  curb  

l i n e  a t  I2 and I3  shows t h e  e f f e c t  of crosswalk p l u s  s t o p  

l i n e  compared t o  t h a t  of t h e  end of t h e  c e n t e r  l i n e  al-one; 

t h e  d i f f e r e n c e  i n  t h e  mean s topp ing  p o s i t i o n  was n o t  s ig-  

n i f i c a n t .  However, a t  Is, which has  a  crosswalk p l u s  s t o p  

l i n e ,  t h e  mean s t o p p i n g  p o s i t i o n  measured from t h e  curb  

l i n e  was s i g n i f i c a n t l y  g r e a t e r  than  a t  16, which was 

d e l i n e a t e d  on ly  by t h e  end of t h e  c e n t e r  l i n e ;  b u t  it 

should  be noted  t h a t  t h e  s t o p  l i n e  was somewhat f a r t h e r  

back than t h e  end of t h e  c e n t e r  l i n e ,  

PEDESTRIAN AND VEHICULAR TRAFFIC FLOW. Analys is  

of flow d a t a  showed t h a t  n e i t h e r  t h e  d e n s i t y  of p e d e s t r i a n  

t r a f f i c  on t h e  crosswalk nor  t h e  d e n s i t y  of v e h i c u l a r  t r a f -  

f i c  a f f e c t e d  v e h i c l e  s topp ing  p o s i t i o n .  



DISCUSSION 

A n a l y t i c a l  r e s u l t s  i n d i c a t e  t h a t  d r i v e r s  t e n d  t o  

s t o p  some d i s t a n c e  i n  f r o n t  o f  t h e  i n t e r s e c t i o n  f o r  each  

of  t h e  t h r e e  t y p e s  o f  markings i n v e s t i g a t e d .  

TYPES OF MARKING 

CROSSWALK LINES. For t h o s e  i n t e r s e c t i o n s  which were 

marked o n l y  by a  c rosswalk  (I1 and Id) t h e  d i s t r i b u t i o n  

i s  l e p t o k u r t i c ,  w i t h  t h e  mean s t o p p i n g  p o s i t i o n  f a i r l y  

c l o s e  t o  t h e  n e a r  c ros swa lk  l i n e  and w i t h  a f a i r l y  l a r g e  

number of  encroachments  of t h e  v e h i c l e  upon t h e  c ros swa lk .  

I n  t h e s e  i n t e r s e c t i o n s  d r i v e r s  seemed t o  use  t h e  n e a r  

c rosswalk  l i n e  a s  a  gu ide  i n  d e t e r m i n i n g  t h e i r  s t o p p i n g  

p o s i t i o n  and ,  a s  a  r e s u l t ,  a  f a i r l y  l a r g e  p e r c e n t a g e  

s t o p p e d  w i t h i n  t h e  c ros swa lk .  

CROSSWALK AND STOP L I N E .  By comparison,  a t  i n t e r -  

s e c t i o n s  which were marked w i t h  a  c rosswalk  and a  s t o p  

l i n e  (IZ , I5 , and I,) t h e r e  were f a r  fewer  encroachmr:nts 

o f  v e h i c l e s  w i t h i n  t h e  c rosswalk  a r e a ,  and t h e  mean s t o p -  

p i n g  p o s i t i o n  was v e r y  c l o s e  t o  t h e  s t o p  l i n e .  Th i s  i n d i -  

c a t e s  t h a t  d r i v e r s  u se  t h e  s t o p  l i n e  a s  a  cue f o r  d e t e r -  

mining t h e  s t o p p i n g  p o s i t i o n ,  b u t  because  it i s  some d i s -  

t a n c e  from t h e  c rosswalk  t h e y  a l l o w  themselves  a f a i r  

amount of  l a t i t u d e  around t h e  s t o p  l i n e  i t s e l f .  For  t h i s  

r e a s o n  t h e  v a r i a n c e s  i n  s t o p p i n g  p o s i t i o n  were f a i r l y  

l a r g e ,  b u t  t h e  s t o p  l i n e  was e v i d e n t l y  q u i t e  e f f e c t i v e  i n  

r e d u c i n g  c rosswalk  encroachment .  

E N D  OF CENTER LINE.  The end of  t h e  c e n t e r  l i n e  a l o n e  

( I3 and 16) appeared  a l s o  t o  be  e f f e c t i v e  i n  s t o p p i n g  

d r i v e r s  a t  a  r e a s o n a b l e  d i s t a n c e  from t h e  i n t e r s e c t i o n ,  s o  

t h a t  encroachment  upon t h e  a r e a  t h a t  would be u s e d ' f o r  a  

c rosswalk  was modera te .  I n  t h e s e  i n t e r s e c t i o n s  t h e  mean 



s topp ing  p o s i t i o n  was a  reasonable  d i s t a n c e  from t h e  curb  

l i n e ,  a l though t h e  d i s t r i b u t i o n s  were again  q u i t e  broad. 

PSYCHOLOGICAL EFFECT OF MARKINGS 

Because t h e r e  was no c o n t r o l  (unde l inea ted)  cond i t ion  

i n  t h i s  s tudy ,  it i s  p o s s i b l e  t h a t  t h e  e f f e c t  of t h e  end 

of t h e  c e n t e r  l i n e  and t h e  crosswalk l i n e s  a lone  was i n s i g -  

n i f i c a n t  compared t o  t h e  absence of markings a t  an i n t e r -  

s e c t i o n .  This  seems u n l i k e l y ,  however, s i n c e  t h e  d i s t r i -  

b u t i o n s  f o r  i n t e r s e c t i o n s  marked wi th  crosswalks a lone  a r e  

d i s t i n c t l y  d i f f e r e n t  from those  marked wi th  t h e  end of t h e  

c e n t e r  l i n e ,  and t h e  end of t h e  c e n t e r  l i n e  d i d  have a  s i g -  

n i f i c a n t l y  b e n e f i c i a l  e f f e c t  upon t h e  mean s topp ing  pos i -  

t i o n .  

I t  appears ,  t h e r e f o r e ,  t h a t  each of t h e  t h r e e  de l inea -  

t i o n s  i n v e s t i g a t e d  e x e r t s  some psycho log ica l  p r e s s u r e  upon 

d r i v e r s  i n  dec id ing  t h e i r  s topp ing  p o s i t i o n .  I t  i s  hsypo- 

t h e s i z e d  t h a t  t h e  nea r  crosswalk l i n e  sugges t s  t o  t h e  d r i v e r  

t h a t  he may s t o p  c l o s e  t o  i t ,  b u t  p r e f e r a b l y  i n  f r o n t  of  i t ,  

and t h i s  l e a d s  t o  a  mean s topp ing  p o s i t i o n  c l o s e  t o  t h e  nea r  

crosswalk l i n e  wi th  a  s u b s t a n t i a l  s p i l l o v e r  i n t o  t h e  c ross -  

walk a r e a .  On t h e  o t h e r  hand, t h e  s t o p  l i n e  may i n f l u e n c e  

t h e  d r i v e r  t o  s t o p  n e a r  it and n o t  t o  go beyond t h e  nex t  

marking encountered--which i s  t h e  nea r  crosswalk l i n e ,  This  

i s  sugges ted  a s  a  p o s s i b l e  cause of t h e  l a r g e  va r i ance  i n  

s topp ing  p o s i t i o n  found a t  t h e  i n t e r s e c t i o n s  marked wi th  t h e  

s t o p  l i n e .  With t h e  end of t h e  c e n t e r  l i n e  a s  t h e  only  

marking p r e s e n t ,  t h e r e  was no c l e a r  frame of r e f e r e n c e  t o  

i n d i c a t e  t h e  a r e a  t h a t  might be used by p e d e s t r i a n s  f o r  

c r o s s i n g  t h e  road;  hence t h e  wide va r i ance  of c a r  s topp ing  

p o s i t i o n s .  

D I F S C T I O N .  I t  i s  a l s o  of i n t e r e s t  t o  no te  t h a t ,  o v e r a l l ,  

d r i v e r s  who cont inued s t r a i g h t  a f t e r  l e a v i n g  t h e  i n t e r -  

s e c t i o n  tended t o  s t o p  f a r t h e r  back than those  who made 



e i t h e r  l e f t  o r  r i g h t  t u r n s  ( F i g u r e  1 0 ) .  T h i s  s u g g e s t s  

t h a t  d r i v e r s  w i sh ing  t o  t u r n  d e s i r e  a  g r e a t e r  f i e l d  of  

view o f  t h e  i n t e r s e c t i o n  and hence e x p e r i e n c e  a d d i t i o n a l  

p r e s s u r e  which may l e a d  them t o  encroachments  w i t h i n  t h e  

c ros swa lk  a r e a .  I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  a t  two 

o f  t h e  i n t e r s e c t i o n s  which were marked w i t h  a  s t o p  l i n e  

(I2 and 15) t h e r e  was no  s i g n i f i c a n t  e f f e c t  upon s t o p -  

p i n g  p o s i t i o n  due t o  t h e  d i r e c t i o n  which t h e  d r i v e r  took 

a f t e r  l e a v i n g  t h e  i n t e r s e c t i o n .  Th i s  t e n d s  t o  r e i n f o r c e  

t h e  f i n d i n g  t h a t  t h e  s t o p  l i n e  i s  indeed  e f f e c t i v e  i n  

h o l d i n g  v e h i c l e s  back from t h e  i n t e r s e c t i o n  and t h e  c r o s s -  

walk. 

SEX, A tendency  was a l s o  n o t e d  a t  some i n t e r s e c t i o n s  

f o r  females  t o  s t o p  c l o s e r  t o  t h e  c u r b  l i n e  t h a n  males .  

Th i s  may r e f l e c t  a  d i f f e r e n c e  between t h e  s e x e s  i n  a t t i -  

t u d e  o r  knowledge of  t r a f f i c  r e g u l a t i o n s .  The mean s t o p -  

p i n g  p o s i t i o n  f o r  male and female  d r i v e r s  i s  shown i n  

F i g u r e  10.  

VEHICLE TYPE. There was a  minor ,  b u t  s i g n i f i c a n t ,  

t endency  f o r  pas senge r  c a r s  t o  s t o p  c l o s e r  t o  t h e  s t o p  

l i n e  t h a n  t r u c k s .  Trucks tended  t o  s t o p  c l o s e r  t o  t h e  

i n t e r s e c t i o n .  

PLACEMENT OF STOP L I N E ,  The most i m p o r t a n t  r e s u l t  

of  t h i s  s t u d y  i s  an i n d i c a t i o n :  ( a )  t h a t  roadway markinqs 

do a f f e c t  v e h i c l e  s t o p p i n g  p o s i t i o n ,  and ( b )  t h a t  of  t h e  

markings i n v e s t i g a t e d  t h e  s t o p  l i n e  i s  most e f f e c t i v e ,  

a l t h o u g h  i n  e v e r y  c a s e  t h e  f i r s t  marking t h e  d r i v e r  encoun- 

t e r e d  i n f l u e n c e d  h i s  s t o p p i n g  p o s i t i o n ,  

For  i n t e r s e c t i o n s  marked by a  s t o p  l i n e  and a  c r o s s -  

walk,  it i s  p o s s i b l e  t o  make t h e o r e t i c a l  e s t i m a t e s  of t h e  

e f f e c t s  upon c a r  s t o p p i n g  p o s i t i o n  o f  moving t h e  s t o p  l i n e  

toward o r  away from t h e  i n t e r s e c t i o n .  The assumption would 

have t o  be  made t h a t  t h e  s t o p p i n g  p o s i t i o n  i s  independent  





of o t h e r  f a c t o r s  and t h a t  d r i v e r s  a r e  i n f l u e n c e d  o n l y  by 

t h e  l o c a t i o n  o f  t h e  s t o p  l i n e .  I f  such a  h y p o t h e s i s  were 

t aken  t o  i t s  ex t r eme ,  a s  by p l ac , i ng  t h e  s t o p  l i n e  50 f e e t  

from t h e  i n t e r s e c t i o n ,  it i s  d o u b t f u l  t h a t  it would r e t a i n  

i t s  e f f e c t .  The d i s t r i b u t i o n  of s t o p p i n g  d i s t a n c e  would 

undoubted ly  change,  w i t h  t h e  mean no l o n g e r  c l o s e  t o  t h e  

p o s i t i o n  of  t h e  s t o p  l i n e  i t s e l f .  However, w i t h i n  limits, 

it i s  f e l t  t h a t  t h e  p r e s e n t  d a t a  cou ld  be  used t o  s u g g e s t  

t h e  d i s t a n c e  between t h e  s t o p  l i n e  and t h e  n e a r  crosstaalk 

l i n e  l i k e l y  t o  r e s u l t  i n  any g iven  pe rcen tage  of  v e h i c l e s  

enc roach ing  w i t h i n  t h e  c rosswalk .  

Using t h e  d a t a  o b t a i n e d  f o r  i n t e r s e c t i o n s  I2 and I5 

and assuming t h a t  moving t h e  s t o p  l i n e  would r e s u l t  o n l y  

i n  a  change i n  mean s t o p p i n g  d i s t a n c e  from t h e  c u r b  l i n e ,  

w i t h o u t  a  change i n  t h e  v a r i a n c e ,  t h e n  i t  can be computed 

t h a t ,  i f  5% of  t h e  c a r s  a r e  t o  be  p e r m i t t e d  t o  s t o p  w i t h i n  

t h e  c ros swa lk ,  t h e  s t o p  l i n e s  i n  t h e s e  two i n t e r s e c t i o n s  

shou ld  be  9.08 f e e t  and 8.86 f e e t ,  r e s p e c t i v e l y ,  from t h e  

n e a r  c rosswalk  l i n e .  These d i s t a n c e s  i n c l u d e  t h e  w id th  

of  t h e  s t o p  l i n e .  S i m i l a r l y ,  i f  o n l y  1% of v e h i c l e s  a r e  

t o  s t o p  w i t h i n  t h e  c rosswalk  a r e a ,  t hen  t h e  d i s t a n c e s  from 

t h e  n e a r  c rosswalk  l i n e  t o  t h e  s t o p  l f i e ,  i n c l u d i n g  t h e  

wid th  of  t h e  l a t t e r ,  shou ld  be  12.28 and 12.35 f e e t ,  r e spec -  

t i v e  l y  . 
These d a t a  s u g g e s t  t h a t  t h e  c u r r e n t  s p e c i f i c a t i o n  i n  

t h e  Michigan Manual of  Uniform T r a f f i c  C o n t r o l  Devices; ( 2 ) ,  

which recommends a  minimum d i s t a n c e  o f  4 f e e t  between t h e  

n e a r  c rosswalk  l i n e  and t h e  s t o p  l i n e ,  may n o t  be op t ima l .  

The r e s u l t s  of  t h e  p r e s e n t  s t u d y  i n d i c a t e  t h a t  t h e  nea.r 

edge of  . the s t o p  l i n e  shou ld  be  9  t o  12 f e e t  from t h e  n e a r  

c rosswalk  l i n e  t o  o b t a i n  s m a l l  p r e d i c t e d  numbers o f  ca . rs  

s t o p p i n g  on t h e  c ros swa lk .  T h i s  recommendation a p p l i e s  



only  t o  t r a f f i c  s i g n a l - c o n t r o l l e d  i n t e r s e c t i o n s ,  and would 

n o t  be advised  o r  cons idered  p r a c t i c a l  f o r  i n t e r s e c t i o n s  

n o t  s o  c o n t r o l l e d .  
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