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ABSTRACT 

The purpose of t h e  experiment  was t o  i d e n t i f y  some of t h e  

roadway, v e h i c l e ,  and d r i v e r  f a c t o r s  i n f l u e n c i n g  t h e  s topp ing  

p o s i t i o n  of v e h i c l e s  a t  a  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  

and t o  extend t h e  f i n d i n g s  of an e a r l i e r  survey s tudy  i n  o r d e r  

t o  sugges t  e f f e c t i v e  means t o  p reven t  v e h i c l e s  from coming t o  a  

s t o p  i n  t h e  p e d e s t r i a n  crosswalk a r e a .  

The s i t e  chosen f o r  t h i s  s tudy  was t h e  i n t e r s e c t i o n  of a  

one-way and a  two-way s t r e e t ,  c o n t r o l l e d  by a  t r a f f i c  l i g h t .  

Measurements were made of 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  t o  

t h e  s topp ing  p o i n t  of t h e  f i r s t  v e h i c l e  which p u l l e d  up t o  a  r e d  

t r a f f i c  s i g n a l .  The markings on t h e  two s t r e e t s  and t h e  h e i g h t  

of t h e  t r a f f i c  s i g n a l  were s y s t e m a t i c a l l y  v a r i e d  t o  de termine  t h e i r  

i n f l u e n c e  on s topp ing  p o s i t i o n .  The e f f e c t s  of d r i v e r  s e x ,  t y p e  

and s i z e  of v e h i c l e s ,  d i r e c t i o n  t aken  a f t e r  s topp ing ,  t r a f f i c  f low,  

one-way/two-way s t r e e t ,  and l a n e  p o s i t i o n  were a l s o  s tudied, .  

I t  was found t h a t  g r e a t e s t  c o n t r o l  of s topp ing  p o s i t i o n ,  wi th  

minimum v e h i c l e  encroachment i n  t h e  crosswalk ,  was achieved. by 

t h e  u s e  of a  s t o p  l i n e  a c r o s s  t h e  t r a f f i c  l a n e  which was n o t  

n e a r e r  t o  t h e  i n t e r s e c t i o n  than  20 f e e t .  



INTRODUCTION 

I n  a  p rev ious  s tudy  (Mortimer and Nagamachi, 1969) it was 

found t h a t  f o r  v e h i c l e s  which were t h e  f i r s t  t o  a r r i v e  and s t o p  

a t  a  r e d  t r a f f i c  s i g n a l ,  encroachment on t h e  p e d e s t r i a n  crosswalk 

a r e a  was r e l a t e d  t o  t h e  roadway marking a t  t h e  i n t e r s e c t i o n  and 

t o  c e r t a i n  o t h e r  v a r i a b l e s  such a s  d r i v e r  and v e h i c l e  type .  

That s tudy  c o n s i s t e d  of measuring t h e  s topping p o s i t i o n  of 

v e h i c l e s  a t  a  number of 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  

i n  Ann Arbor,  Michigan. The 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  

d i f f e r e d  i n  t h e  v a r i a b l e s  of i n t e r e s t ,  such a s  t h e  number of t r a f f i c  

l a n e s  and,  p a r t i c u l a r l y ,  t h e  pavement marking ( c o n s i s t i n g  of c r o s s -  

walk l i n e s ,  crosswalk and s t o p  l i n e s ,  and t h e  end of  t h e  c e n t e r  

l i n e ) .  I t  was found t h a t  fewer v e h i c l e s  s topped i n  t h e  crosswalk 

when t h e  pavement was marked wi th  a  crosswalk and a  s t o p  l i n e  than  

when t h e  o t h e r  d e l i n e a t i o n s  were used. Based on t h e  d i s t r i b u t i o n  

of s topp ing  p o s i t i o n s ,  recommendations were made f o r  t h e  pl-acement 

of s t o p  l i n e s  from t h e  i n t e r s e c t i o n .  However, under ly ing  t h e s e  

recommendations was t h e  assumption t h a t  t h e r e  would be l i t t l e  change 

i n  t h e  d i s t r i b u t i o n  of s topping p o s i t i o n s  when t h e  s t o p  l i n e  

d e l i n e a t i o n  was moved f u r t h e r  from o r  c l o s e r  t o  t h e  i n t e r s e c t i o n ,  

o t h e r  t h a n  moving t h e  whole d i s t r i b u t i o n  wi th  t h e  p o s i t i o n  of t h e  

d e l i n e a t i o n .  

I n  a d d i t i o n ,  s i n c e  s e v e r a l  d i f f e r e n t  i n t e r s e c t i o n s  were 

compared i n  o r d e r  t o  i n f e r  how d i f f e r e n c e s  i n  s topping p o s i t i o n  

were a f f e c t e d  by e x i s t i n g  markings,  it was f e l t  t h a t  o t h e r  d i f -  

f e r e n c e s  i n  t h e  i n t e r s e c t i o n s  may have in f luenced  s topp ing  p o s i t i o n  

i n  an unknown manner. Evident  d i f f e r e n c e s  i n  t h e  i n t e r s e c t i o n s  

were used a s  independent  v a r i a b l e s ,  b u t  o t h e r s  may no t  have been 

recognized and c o n t r o l l e d .  

For t h e s e  reasons  it was f e l t  a d v i s a b l e  t o  conduct a  second,  

more c l o s e l y  c o n t r o l l e d  exper imenta l  i n v e s t i g a t i o n  of some of  t h e s e  

and o t h e r  v a r i a b l e s .  Th i s  s tudy  was designed t o  employ conven t iona l  

exper imenta l  c o n t r o l  procedures  and t o  provide  in fo rmat ion  on t h e  



a c t u a l  s h i f t  i n  s topping p o s i t i o n  d i s t r i b u t i o n s  when markings a r e  

s y s t e m a t i c a l l y  r e l o c a t e d  on t h e  pavement. 

METHOD 

A 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  i n  downtown Ann Arbor 

was c l e a r e d  of a l l  markings f o r  use  a s  t h e  t e s t  s i t e .  One of  t h e  

s t r e e t s  ( ~ a s t  William S t r e e t )  was two-way and c a r r i e d  f o u r  l a n e s  

wi th  metered parking on both s i d e s .  The o t h e r  s t r e e t  (South 

Div i s ion  S t r e e t )  was one-way, f o u r  l a n e s ,  wi th  metered parking.  

The l ayou t  of t h e  i n t e r s e c t i o n  i n  shown i n  F igure  1. The t r a f f i c  

s i g n a l s  were mounted overhead i n  t h e  i n t e r s e c t i o n .  

Two 8-mm movie cameras were used t o  record  t h e  p o s i t i o n  a t  

which each f i r s t  a r r i v i n g  v e h i c l e  s topped f o r  t h e  red  t r a f f i c  

s i g n a l .  Each camera observed a c r o s s  t h e  t r a f f i c  l a n e s  i n  one of 

t h e  two s t r e e t s .  The cameras,  l o c a t e d  c l o s e  t o  a  b u i l d i n g  a t  t h e  

southwest co rne r  of t h e  i n t e r s e c t i o n ,  were concealed from d r i v e r s  

w i t h  a  cardboard box. A s  soon a s  t h e  f i r s t  v e h i c l e  stopped f o r  t h e  

r e d  s i g n a l  a  s ingle-frame photo was taken.  Marks on t h e  o p p o s i t e  

cu rb  and t h e  c e n t e r  l i n e  were used t o  provide  d i s t a n c e  r e f e r e n c e  

p o i n t s  i n  t h e  photographs.  The accuracy of t h i s  method was 

computed by comparing pho tograph ica l ly  de r ived  d i s t a n c e s  w i t h  t h o s e  

ob ta ined  by t a p e  measure. An a b s o l u t e  mean d i f f e r e n c e  of 01.18 

f e e t  was found and cons idered  a  n e g l i g i b l e  e r r o r  

THE INDEPENDENT VARIABLES 

The p r i n c i p a l  v a r i a b l e  of i n t e r e s t  i n  t h i s  s tudy was t h e  

roadway marking. However, because t h e  e f f e c t  of roadway marking 

may be  modif ied by o t h e r  f a c t o r s ,  t h e  independent v a r i a b l e s  l i s t e d  

below were a l s o  examined: 

(1) Type of marking 

( 2 )  Distance  of marking from i n t e r s e c t i o n  

( 3 )  Height of t r a f f i c  s i g n a l  

( 4 )  One-way/two-way s t r e e t  

( 5 )  Vehic le  type  



( 6 )  Veh ic le  s i z e  

( 7 )  Sex of d r i v e r  

( 8 )  D i r e c t i o n  proceeded a f t e r  s t o p  

( 9 )  Lane p o s i t i o n  i n  s t r e e t  

( 1 0 )  T r a f f i c  f low 

The n a t u r e  of t h e  l e v e l s  of each of t h e s e  f a c t o r s  i s  desc r ibed  

below. 

(1) Type of Marking ( 4  l e v e l s ) .  Four t y p e s  of markings 

were l a i d  on t h e  pavement us ing  4-inch wide, w h i t e ,  r e f l e c t o r i z e d  

t a p e .  This  m a t e r i a l  could be  a p p l i e d  and removed r a p i d l y ,  p e r m i t t i n g  

f l e x i b i l i t y  i n  va ry ing  t h i s  exper imenta l  c o n d i t i o n .  The f o u r  

t y p e s  of markings were: 

( A )  End of c e n t e r  l i n e  

( B )  End of c e n t e r  l i n e  and crosswalk 

( C )  End of c e n t e r  l i n e  and s t o p  l i n e  

( D )  End of c e n t e r  l i n e ,  c rosswalk ,  and s t o p  l i n e  

The crosswalk was 9 . 0  f e e t  wide and l o c a t e d  w i t h i n  t h e  a r e a  3.0 f e e t  

and 1 2 . 0  f e e t  from t h e  i n t e r s e c t i o n .  The s t o p  l i n e  was 12.10 inches  

wide. 

( 2 )  D i s t ance  of Marking from I n t e r s e c t i o n  ( 3  l e v e l s ) .  The 

marking was p laced a t  t h r e e  d i f f e r e n t  d i s t a n c e s  from t h e  i n t e r -  

s e c t i o n :  16 f e e t  2 0  f e e t ,  and 2 4  f e e t .  F i g u r e  2 shows t:he 1 2  

combinat ions of t y p e  of marking and d i s t a n c e  a s  t h e y  appearled i n  

t h e  one-way s t r e e t .  I n  t h e  two-way s t r e e t  t h e  conf igura t io :ns  were 

t h e  same excep t  t h a t  t h e  s t o p  l i n e  extended over  t h e  r i g h t  l ane .  

The a c t u a l  appearances  of t h e s e  marking c o n d i t i o n s  on t h e  

one-way s t r e e t  (South D i v i s i o n  S t r e e t )  a r e  shown i n  F i g u r e s  3-6 and 

on t h e  two-way s t r e e t  ( E a s t  William S t r e e t )  i n  F i g u r e s  7-10. 

( 3 )  Height  of T r a f f i c  S i g n a l  ( 2  l e v e l s ) .  Stopping p o s i t i o n  

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

because  of t h e  d r i v e r ' s  v i s i b i l i t y  through t h e  upper segment of t h e  

windsh ie ld .  The h e i g h t  of t h e  s i g n a l s  above t h e  pavement was 15  

f e e t  2 i n c h e s  and 1 6  f e e t  2 i nches .  F i g u r e  11 shows t h e  appearance 

of  t h e  s i g n a l s  a t  both  h e i g h t s  from t h e  two s t r e e t s .  



( 4 )  One-Way/Two-Way S t r e e t  ( 2  l e v e l s ) .  The d i f f e r e n c e s  i n  

s topp ing  d i s t a n c e s  from t h e  i n t e r s e c t i o n  i n  t h e  two s t r e e t s  were 

be l i eved  t o  be in f luenced  by t h e  e f f e c t  of one-way and two-way 

t r a f f i c  . 
( 5 )  Vehic le  Type ( 2  l e v e l s ) .  Veh ic les  were i d e n t i f i e d  a s  

passenger  c a r s  o r  t r u c k s .  

( 6 )  Vehic le  S i z e  ( 3  l e v e l s ) .  Veh ic les  were c a t e g o r i z e d  a s  

s m a l l ,  medium, o r  l a r g e .  For example, most European c a r s  w'ere 

cons idered  s m a l l ;  U.S. compacts and s p e c i a l t y - s p o r t s  type  c a r s  

medium; and o t h e r s  Large. 

( 7 )  Sex of Driver  ( 2  l e v e l s ) .  Dr ive r s  were categorizied a s  

male o r  female . 
( 8 )  D i r e c t i o n  Proceeded A f t e r  S top ( 3  l e v e l s ) .  The d l i rec t ion  

t aken  by t h e  t a r g e t  v e h i c l e  when it l e f t  t h e  i n t e r s e c t i o n  bras 

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

( 9 )  Lane P o s i t i o n  i n  S t r e e t  ( 2  l e v e l s ) .  This  f a c t o r  a p p l i e s  

on ly  on t h e  one-way s t r e e t  s i n c e  c a r s  could  be  s topped i n  e i t h e r  

t h e  l e f t  o r  r i g h t  l a n e .  

( 1 0 )  T r a f f i c  Flow. A count  of t o t a l  t r a f f i c  flow on t h e  green 

s i g n a l  was made f o r  each s t r e e t  i n  each d a t a  c o l l e c t i o n  s e s s i o n .  

T r a f f i c  f low v a r i e d  between about  450 and 950 v e h i c l e s  p e r  hour .  

THE DEPENDENT VARIABLE 

The s ing le - f rame ,  8-mm f i l m  was analyzed t o  o b t a i n  t h e  d i s t a n c e  

from t h e  curb  l i n e  a t  which each v e h i c l e  s topped.  A t o t a l  of 

4,192 d a t a  p o i n t s  was o b t a i n e d .  

PROCEDURE 

The i n i t i a l  h e i g h t  of t h e  t r a f f i c  s i g n a l s  was 15  f e e t  2 i n c h e s ,  

and t h i s  c o n d i t i o n  was r e t a i n e d  f o r  t h e  f i r s t  s e t  of measurements, 

a  h a l f  r e p l i c a t i o n  of t h e  experiment .  

The s e l e c t i o n  of markings was made on a  semi-random b a s i s .  Those 

markings which inc luded t h e  crosswalk ( B  and D) and t h e  o t h e r s  

( A  and C )  were used i n  b locks  of s i x  t r e a t m e n t s .  Thus, on one s t r e e t  



a  random o r d e r  of two markings times t h r e e  d i s t a n c e s  was used 

f i r s t  wi th  t h e  remaining s i x  t r ea tments  fol lowing i n  a  random 

o r d e r .  The oppos i t e  scheme was used on t h e  o t h e r  s t r e e t .  This  

s i m p l i f i e d  t h e  procedure s i n c e  t h e  crosswalk e i t h e r  remained 

i n  p l a c e  f o r  s i x  consecut ive  t r ea tments  or  was no t  used. 

When t h e  h e i g h t  of t h e  t r a f f i c  s i g n a l  was changed t o  1 6  f e e t  

2 inches  t h e  measurements were repeated  i n  a  balanced order  of 

t r ea tments  a c r o s s  t h i s  v a r i a b l e .  

One s e t  of obse rva t ions  was made f o r  each t rea tment  beginning 

i n  t h e  e a r l y  af ternoon and l a s t i n g  about  two hours.  

Before each red  phase of t h e  s i g n a l  one of t h e  experimenters  

s tood a t  t h e  curb ,  o s t e n s i b l y  a  p e d e s t r i a n  wa i t ing  t o  c r o s s  t h e  

s t r e e t  a s  t h e  f i r s t  c a r  a r r i v e d .  I n  a d d i t i o n ,  t h e  number of v e h i c l e s  

on each s t r e e t  pass ing  through t h e  i n t e r s e c t i o n  on t h e  green s i g n a l  

was counted t o  o b t a i n  a  measure of t r a f f i c  f low. Data concerning 

t h e  t y p e  and s i z e  of v e h i c l e ,  sex of d r i v e r ,  d i r e c t i o n  taklen a f t e r  

s t o p ,  and l a n e  p o s i t i o n  were a l s o  recorded.  

I t  would have been d e s i r a b l e  t o  keep each marking conldition 

s e t  up f o r  a lengthy pe r iod .  However, t h i s  was not  p o s s i b l e  

because t h e  s tudy had t o  be completed i n  a  reasonable  t ime and 

because f a c t o r s  such a s  seasona l  v a r i a t i o n s  i n  weather and t h e  

d r i v e r  popula t ion  could have confounded t h e  r e s u l t s .  Each marking 

cond i t ion  was k e p t  i n  p l a c e  f o r  almost 48 hours  between obse rva t ions .  

This  was done by t ak ing  obse rva t ions  i n  t h e  a f t e rnoon  and changing 

t h e  marking t h a t  evening. I t  was i n  p l a c e  one day and obse rva t ions  

were made t h e  fol lowing a f t e rnoon .  Saturdays and Sundays were n o t  

used f o r  obse rva t ions  o r  counted a s  e lapsed days f o r  d r i v e r  

f a m i l i a r i z a t i o n  wi th  marking cond i t ions .  Observat ions were only  

made on c l e a r ,  dry  days. 

RESULTS 

Because t h e  des ign  was not  balanced wi th  r e s p e c t  t o  t h e  

number of d a t a  e n t r i e s  i n  each c e l l  t h e  a n a l y s i s  of t h e  d a t a  was 

c a r r i e d  o u t  i n  two s t e p s .  The f i r s t  s t e p  was a  s i n g l e  c l i l s s i f i c a t i o n  



a n a l y s i s  of v a r i a n c e  on each  of t h e  f a c t o r s ,  w i t h  subsequent  i n d i v i -  

d u a l  comparisons made by t h e  Tukey t e s t  (Bowker and Lieberman, 1 9 6 3 ) .  

The second s t e p  invo lved  t h e  u s e  of t h e  A I D  ( au toma t i c  i n t e r -  

a c t i o n  d e t e c t o r )  a l g o r i t h m  t o  de t e rmine  t h e  occu r rence  of 

s i g n i f i c a n t  i n t e r a c t i v e  r e l a t i o n s  between f a c t o r s .  

SINGLE CLASSIFICATION ANALYSIS OF VARIANCE 

The main e f f e c t s  t h a t  were s i g n i f i c a n t  a t  t h e  1 p e r c e n t  

l e v e l  o r  less were:  

(1) Type of  marking 

( 2 )  Dis t ance  o f  marking from i n t e r s e c t i o n  

( 3 )  Type and s i z e  of  v e h i c l e  

( 4 )  Sex of d r i v e r  

( 5 )  D i r e c t i o n  proceeded a f t e r  s t o p  

( 6 )  T r a f f i c  f low 

T a b l e  1 shows t h e  mean s topp ing  d i s t a n c e s  from t h e  i n t e r s e c t i o n  

f o r  t h e  f o u r  t y p e s  of mark ings .  V e h i c l e s  s topped  c l o s e s t  t o  t h e  

i n t e r s e c t i o n  when t h e  marking c o n s i s t e d  e i t h e r  of t h e  end of c e n t e r  

l i n e  and c rosswalk  o r  of  t h e  end of c e n t e r  l i n e  a l o n e .  For t h e s e  

t y p e s  of mark ings ,  s topp ing  d i s t a n c e s  were n o t  a f f e c t e d  by 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 .  On t h e  o t h e r  hand 

t h e  use  of  a  s t o p  l i n e  w i t h  o r  w i t h o u t  a  c rosswalk  r e s u l t e d  i n  

s t o p p i n g  d i s t a n c e s  r e l a t e d  t o  t h e  d i s t a n c e  of t h e  s t o p  l i n e  from 

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

I n  a d d i t i o n ,  s topp ing  d i s t a n c e s  were g r e a t e r  for" 'pass;enger 

c a r s  t h a n  f o ~ r  t r u c k s ,  and t h e y  were g r e a t e r  f o r  l a r g e r  v e h ~ i c l e s  

t h a n  f o r  s m a l l e r  v e h i c l e s  i n  each  c a t e g o r y .  Gene ra l ly  f ema les  

s topped  s i g n i f i c a n t l y  f u r t h e r  back from t h e  i n t e r s e c t i o n  t.han males .  

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

t h o s e  c o n t i n u i n g  s t r a i g h t  o r  t u r n i n g  l e f t .  

There appeared  t o  be  a  c u r v i l i n e a r  e f f e c t  of  t r a f f i c  f low 

d e n s i t y  upon s t o p p i n g  d i s t a n c e s  which peaked a t  a  r a t e  of abou t  

7 0 0  v e h i c l e s  p e r  hour a s  shown i n  F i g u r e  1 2 .  



TABLE 1. MEAN STOPPING DISTANCE (FEET) FROM THE 
INTERSECTION AS A FUNCTION OF TYPE AND 
DISTANCE OF MARKING 

Type o f  Marking 
D i s t a n c e  of Marking 

From I n t e r s e c t i o n  ( f e e t )  

'* End Of Center Line 18.99 1 19.20 18.73 1 19 .0  and Crosswallc 

Mean 

A. End of  Center  Line 

C .  End of Center  Line 
and S top  Line  1 21.49 24.18 1 25.53 1 23.7 

Mean / 20.7 1 21.7 1 22.6 1 

- 
20.8 

1 6  20 24 

D .  End of Cen te r  L i n e ,  
Crosswalk,  and 
S top  Line  

AID ANALYSIS 

21 .25  

The A I D  a n a l y s i s  s e p a r a t e s  a  body of  d a t a  i n t o  a  number of  

subgroups u s i n g  t h e  c r i t e r i o n  of maximum e x p l a i n e d  sums of 

s q u a r e s  of v a r i a b i l i t y .  The t e c h n i q u e  proceeds  s e q u e n t i a l l y  t o  

s m a l l e r  subgroups ;  it t h e r e f o r e  o r d e r s  t h e  v a r i a b l e s  i n  t h e i r  

impor tance  and a l s o  s u g g e s t s  i n t e r a c t i o n s .  

F i g u r e  13  shows t h e  r e s u l t s  of t h e  A I D  a n a l y s i s ,  i n d i c a t i n g  

t h e  independent  v a r i a b l e s  t h a t  e x p l a i n e d  t h e  l a r g e s t  amount of 
v a r i a b i l i t y  i n  t h e  s t o p p i n g  p o s i t i o n .  Note t h a t  the  f i r s t  s p l i t  

o c c u r r e d  between markings A and B (end of c e n t e r  l i n e ;  end of 

c e n t e r  l i n e  and c ros swa lk )  and C and D (end of c e n t e r  l i n e  and 

s t o p  l i n e ;  end of c e n t e r  l i n e ,  c ros swa lk ,  and s t o p  l i n e ) .  The 

n e x t  s p l i t  i n  t h e  subgroup 2 d a t a  was between marking A and B I  

showing t h a t  d r i v e r s  s topped  f u r t h e r  from t h e  i n t e r s e c t i o n  with 

marking A t h a n  w i t h  B. No f u r t h e r  e f f e c t s  on t h e s e  markings 

were found t o  b e  of  consequence,  Both t h e  subgroup 3  and sub- 

group 5 d a t a  s p l i t  on t h e  d i s t a n c e  of  t h e  marking.  These s p l i t s  

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

2 1 . 0 1  

20.31 20.79 

23.06 25.41 23.1 



t h e  markings from t h e  i n t e r s e c t i o n  had a  g r e a t  e f f e c t  on st.opping 

p o s i t i o n .  

A t e s t  of s i g n i f i c a n c e  between t h e  f i n a l  b locks  i n  t h i s  

a n a l y s i s  (subgroups 4 ,  6 ,  7 ,  8 ,  and 9 )  was c a r r i e d  o u t  u s i n g  

Tukey's p rocedure  f o r  m u l t i p l e  comparisons of main e f f e c t  means. 

Each of t h e s e  subgroups was cons ide red  a  t r e a t m e n t  l e v e l  of a  

one-way a n a l y s i s  of v a r i a n c e .  Thus, i n  e f f e c t ,  t h e  AID al(3orithm 

was used t o  d e f i n e  a map from t h e  o r i g i n a l  independent  v a r i a b l e s  

t o  a  new v a r i a b l e .  Th i s  new v a r i a b l e  con ta ined  t h e  s i g n i f i c a n t  

main e f f e c t s  and t h e  i n t e r a c t i o n  e f f e c t s  of t h e  o r i g i n a l  v a r i a -  

b l e s .  For each l e v e l  of t h i s  new v a r i a b l e  an e s t i m a t e d  e r r o r  

v a r i a n c e  and cor responding  deg rees  of freedom were a v a i l a b l e .  

These were used a s  parameters  i n  t h e  Tukey t e s t  f o r  m u l t i p l e  

comparisons i n  a manner which minimized type  I1 e r r o r ,  i . e . . ,  

s t a t i n g  t h a t  a  s i g n i f i c a n t  d i f f e r e n c e  e x i s t s  when it does n o t  

(Edwards, 1958) .  I t  was found t h a t  subgroups 4 and 7 (markings 

C and D a t  16 f e e t  and marking A )  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 ,  

a l l  o t h e r  d i f f e r e n c e s  between mean s topp ing  p o s i t i o n s  be ing  

s i g n i f i c a n t .  

DISCUSSION 

E f f e c t s  of lesser i n t e r e s t  which were found i n  t h i s  ,study 

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

t h e  marking c o n d i t i o n s  were t h e  s ex  of t h e  d r i v e r ,  t h e  t y p e  and 

s ize  of  v e h i c l e ,  and t r a f f i c  f low.  Because t h e s e  v a r i a b l e s  d i d  

n o t  appear  i n  t h e  A I D  a n a l y s i s  it was e v i d e n t  t h a t  t hey  were of 

minor importance.  

The p rev ious  s t u d y  (Mortimer and Nagamachi, 1969) found 

t h a t ,  o v e r a l l ,  females  s topped  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  

males;  t h i s  s t u d y  found t h e  r e v e r s e  tendency.'  Both s t u d i e s  found 

t h a t  t r u c k s  s topped  c l o s e r  t h a n  passenger  c a r s ,  t h a t  v e h i c l e s  

which made a  r i g h t  t u r n  s topped c l o s e r  t h a n  t h o s e  con t inu ing  

i l l u s t r a t i n g  t h e  u n p r e d i c t a b i l i t y  of females  



s t r a i g h t ,  and t h a t  t h e r e  was no d i f f e r e n c e  between one-way and 

two-way s t r e e t s .  

The major e f f e c t s  of i n t e r e s t  concerned t h e  roadway rr~arkings 

and t h e  h e i g h t  of t h e  t r a f f i c  s i g n a l .  The l a t t e r  d i d  no t  a f f e c t  

s topping p o s i t i o n ,  perhaps because t h e  h e i g h t  was only  v a r i e d  1 

f o o t .  Given an upward v i s i b i l i t y  ang le  of 20  degrees  through 

t h e  windshield of a  c l o s e d  v e h i c l e  (Road Research Labora tory ,  

1963) and t h e  d r i v e r ' s  eye h e i g h t  of 48 inches  above t h e  road ,  

lowering t h e  t r a f f i c  s i g n a l  from 16 f e e t  2  inches  t o  15 f e e t  

2 inches  should have dec reased ,  from about  52 t o  49  f e e t ,  t h e  d i s -  

t a n c e  from t h e  r e d  s i g n a l  a t  which t h e  d r i v e r  could s e e  it. Since  

t h e  t r a f f i c  s i g n a l s  were about  28 f e e t  i n s i d e  t h e  i n t e r s e c t i o n  

d r i v e r s  should have stopped 2 4  and 2 1  f e e t ,  r e s p e c t i v e l y ,  from t h e  

i n t e r s e c t i o n  t o  r e t a i n  v i s i b i l i t y  of t h e  s i g n a l ,  These vislues 

a r e  c l o s e  t o  t h e  mean s topping p o s i t i o n s .  Analys is  of t h e  

d i s t r i b u t i o n  of t h e  s topp ing  p o s i t i o n  d a t a  showed t h a t  over 50 

p e r c e n t  of d r i v e r s  s topped c l o s e r  than  2 1  f e e t  wi th  markings 

A and B ,  and hence may have had d i f f i c u l t y  i n  see ing  t h e  s i g n a l  

(dependent upon t h e i r  a c t u a l  upward v i s i b i l i t y  a s  a f f e c t e d  by 

t h e  v e h i c l e  s t r u c t u r e ,  t h e i r  s e a t e d  p o s i t i o n ,  and anthropometric  

c h a r a c t e r i s t i c s ) ;  whereas wi th  markings C and D a t  24 f e e t  from 

t h e  i n t e r s e c t i o n  l e s s  than  18 p e r c e n t  of d r i v e r s  would have 

been a f f e c t e d ,  providing another  measure of t h e  e f f e c t i v e n e s s  

of t h e  l a t t e r  markings. 

With regard  t o  t h e  types  of markings used,  t h e r e  appears  

t.o be a  good d e a l  of agreement between t h i s  s tudy  and t h e  e a r l i e r  

one. Both s t u d i e s  found t h a t  us ing  t h e  end of c e n t e r  l i n e  and 

t h e  crosswalk produced s h o r t e r  s topping d i s t a n c e s  than  us ing  

t h e  end of c e n t e r  l i n e  a l o n e ,  and both  t h e s e  markings r e s u l t e d  

i n  s h o r t e r  s topping p o s i t i o n s  than  t h e  use  of a  s t o p  l i n e .  

S ince  t h i s  s tudy has  shown t h a t  mean s topping pos i t i -on  was 

a f f e c t e d  by 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  

only  f o r  markings us ing  a  s t o p  l i n e ,  it appears  t h a t  o t h e r  

f e a t u r e s  of t h e  i n t e r s e c t i o n  were a l s o  a c t i v e  i n  de termining 



s topp ing  p o s i t i o n  when t h e  o t h e r  markings were used and t h a t  

t h e  e f f e c t i v e n e s s  of t h e  o t h e r  markings i s  probably smal l .  

F i g u r e s  14-17 show t h e  cumulat ive pe rcen tage  d i s t r i b u t i o n s  

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

marking d i s t a n c e s .  The mean crosswalk l i n e  i n  a l l  c a s e s  was 

1 2 . 0  f e e t  from t h e  i n t e r s e c t i o n ,  The pe rcen tage  of v e h i c l e s  

which stopped w i t h i n  t h e  crosswalk a r e a  ( i . e . ,  c l o s e r  tha:n 

1 2 . 0  f e e t )  can be  r e a d i l y  seen  from t h e s e  d i s t r i b u t i o n s  and i s  

shown i n  Table 2 .  

TABLE 2 .  PERCENT OF VEHICLES WHICH STOPPED 
I N  THE CROSSWALK FOR EACH MARKING 
TYPE AND DISTANCE 

Type of Marking 
Dis tance  of Marking 

From I n t e r s e c t i o n  ( f e e t )  

A.  End of Center  Line 

B. End of Center  Line  
and Cros swallc 

C .  End of Center  Line 
and Stop Line 

D .  End of Center  L ine ,  
Crosswalk, and 
Stop Line 

These d a t a  i n d i c a t e  t h a t  i n  o r d e r  t o  i n s u r e  t h a t  no more 

t h a n  about  5 p e r c e n t  of t h e  v e h i c l e s  come t o  a s t o p  on th.e 

crosswalk ,  v i r t u a l l y  any of t h e  markings i n  t h i s  s tudy  caluld 

be used, To keep t h e  number of v e h i c l e s  down t o  1 percent .  o r  

less a s t o p  l i n e ,  n o t  l e s s  than  8 f e e t  from t h e  crosswalk, 

l i n e ,  should  be  used.  This  assumes a crosswalk l i n e  of 1 2 . 0  f e e t  



from t h e  i n t e r s e c t i o n .  I f  no crosswalk i s  t o  be marked, t h i s  

d i s t a n c e  should  be t aken  i n t o  account .  

The p r e s e n t  f i n d i n g s  sugges t  g r e a t e r  l a t i t u d e  i n  p o s i t i o n -  

ing  t h e  pavement markings t o  reduce  encroachment of  v e h i c l e s  

on t h e  crosswalk t h a n  was found i n  t h e  previous  s tudy  which 

i n f e r r e d  t h a t  t h e  s t o p  l i n e  should be  about  9 . 0  and 1 2 . 0  f e e t  

from t h e  nea r  crosswalk l i n e  f o r  5 p e r c e n t  and 1 p e r c e n t  c o n t r o l  

r e s p e c t i v e l y .  However, it should be  remembered t h a t  t h e  

crosswalk i n  t h i s  experiment  was l o c a t e d  i n  a  f i x e d  a r e a  

between 3 and 1 2  f e e t  from t h e  i n t e r s e c t i o n ;  t h i s  crosswalk 

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

t h e  c a s e  i n  t h e  p rev ious  s tudy .  I n  a d d i t i o n ,  new, e a s i l y  

v i s i b l e  markings were used which may have r e s u l t e d  i n  b e t t e r  

c o n t r o l  of v e h i c l e s  f o r  a l l  markings. However, both  studiles 

c l e a r l y  suppor t  t h e  s u p e r i o r i t y  of t h e  s t o p  l i n e  i n  c o n t r o l l i n g  

t h e  v e h i c l e s ,  and t h i s  should be t h e  recommended form of marking. 

Both s t u d i e s  found t h a t  t h e  minimum d i s t a n c e  of 4 f e e t  

between t h e  crosswalk l i n e  and t h e  s t o p  l i n e  recommended i n  

t h e  Michigan Manual of Uniform T r a f f i c  Contro l  Devices,  i s  

n o t  adequate  t o  reduce  t h e  frequency of v e h i c l e s  s topp ing  on 

t h e  crosswalk  t o  1 p e r c e n t .  To m a i n t a i n  unimpeded p e d e s t r i a n  

flow on t h e  crosswalk ,  t h e  s t o p  l i n e  should be l o c a t e d  a t  l e a s t  

8 f e e t  from t h e  crosswalk l i n e .  
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End of center line. 
crosswalk and 

and crosswalk 

Figure 2.  The marking types and distances a s  they appeared on the one-way street .  



1 6  f e e t  

2 0  f e e t  

2 4  f e e t  

F i g u r e  3. Marking c o n d i t i o n  A:  end of  c e n t e r  
l i n e  on one-way s t r e e t .  





1 6  fee t  

2 0  fee t  

2 4  feet  

Figure 5. Marking condition C: end of center 
line and stop line, on one-way street. 



f e e t  

f e e t  

f e e t  

F i g u r e  6 .  Marking c o n d i t i o n  D:  end of  c e n t e r  
l i n e  and c rosswalk  and s t o p  l i n e ,  on one-way 
s t r e e t .  



2 0  fee t  

Figure 7. Marking condition A: end of center 
line, on two-way street. 





1 6  f e e t  

2 0  f e e t  

2 4  f e e t  

F i g u r e  9 .  Marking c o n d i t i o n  C :  end of c e n t e r  
l i n e  and s t o p  l i n e ,  on two-way s t r e e t .  



1 6  f e e t  

2 0  f e e t  

F igure  1 0 .  Marking cond i t ion  D :  end of center 
l i n e  and crosswalk and s t o p  l i n e ,  on two-way 
s t r e e t .  



(a) One-Way S t r e e t ,  15 f e e t  2 i nches  (b) One-way S t r e e t ,  1 6  fee t  2 i nches  

( c )  Two-way S t r e e t ,  15 f e e t  2 i n c h e s  (d) Two-way Street, 16 =--+ LGGL k 9 AAA-&A-- 4"-h- 

Figu re  11. T r a f f i c  s i g n a l  h e i g h t  as seen from 
one-way and two-way streets. 
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TRAFFIC FLOW/HOUR 

FIGURE 12. STOPPING DISTANCE AS A FUNCTION OF TRAFFIC FLOW 



4 

Y = Mean Stopping Distance 
N = Number of Vehicles 

F igure  13. The major e f f e c t s  found i n  t h e  
A I D  a n a l y s i s  
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STOPPING DISTANCE (ft) 

Figure 15. Cumulative percent distribution of 
stopping distance for end of center 
line and crosswalk markings at each 
distance. 
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C - END OF CENTER LINE , CROSSWALK 
AND STOP LINE 

Crosswalk I 

STOPPING DISTANCE (ft) 

Figure 17. Cumulative percent distribution of 
stopping distance for end of center 
line, crosswalk, and stop line markings 
at each distance. 




