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ABSTRACT 

This  r e p o r t  c o n t a i n s  t h e  l i t e r a t u r e  review conducted 
a s  a p a r t  of t h e  p r o j e c t  " A  Study f o r  t h e  S e l e c t i o n  of 
Maximum Speed Limi ts .  " F i v e  a s p e c t s  o f  speed and 
speed c o n t r o l  a r e  d i s c u s s e d .  These t o p i c s  i n c l u d e :  
t h e  h i s t o r y  o f  speed l i m i t s ;  t h e  r e l a t i o n s h i p  of 
speed and speed l i m i t s ;  d r i v e r  speed behav io r  and 
v a r i a b l e s ,  o t h e r  than  s p e e d .  l i m i t s , which i n f l u e n c e  
it; t h e  r e l a t i o n s h i p  o f  speed ,  speed limits, and 
a c c i d e n t s r and, methods f o r  e s t a b l i s h i n g  speed l i m i t s .  
An e x t e n s i v e  l i s t  o f  r e f e r e n c e s  and b i b l i o g r a p h y  
fo l low t h e  r e p o r t .  
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1.0  INTRODUCTION 

T h i s  r e p o r t  p r e s e n t s  a review of  s e l e c t e d  l i t e r a t u r e  

d e a l i n g  w i t h  t h e  s u b j e c t  of speed and speed c o n t r o l  i n  t h e  

c o n t e x t  of highway s a f e t y .  The l i t e r q t u r e  review i s  p a r t  of 

a s tudy  (FH-11-7275) funded by t h e  N a t i o n a l  Highway S a f e t y  

Bureau of t h e  U. S. Department o f  Trans .por ta t ion  t o  develop 

methods and methodologies f o r  t h e  e s t a b l i s h m e n t  of  speed l i m i t s .  

The r e s e a r c h  was conducted by t h e  s t a f f  of t h e  I n s t i t u t e  

f o r  Research i n  P u b l i c  S a f e t y  of I n d i a n a  U n i v e r s i t y ,  Bloomington, 

Ind iana .  

1.1 Purpose 

The purpose  of t h i s  r e p o r t  i s  t o  b r i n g  t o g e t h e r  i n  one 

document a s  much of t h e  e x i s t i n g  in fo rmat ion  concerning speed 

and speed  c o n t r o l  as is p o s s i b l e .  

1 .2 Scope and Approach 

For  t h e  purpose  of  s t u d y ,  t h e  l i t e r a t u r e  s e a r c h  f o r  t h i s  

p r o j e c t  w a s  d i v i d e d  i n t o  f i v e  t o p i c  a r e a s .  The s e c t i o n  t i t l e s  

of t h i s  r e p o r t  r e f l e c t  t h e s e  areas. They a r e :  1) The His to ry  

of Speed L i m i t s ;  2)  The R e l a t i o n s h i p  of  Speed and Speed 

L i m i t s ;  3) D r i v e r  Speed Behavior  and V a r i a b l e s ,  Other  Than 

Speed L i m i t s ,  Which I n f l u e n c e  I t ;  4 )  The R e l a t i o n s h i p  of 

Speed, Speed L i m i t s ,  and Acc iden t s ;  and 5) Methods f o r  Estab- 

l i s h i n g  Speed L imi t s .  

Four f a c i l i t i e s  w e r e  used i n  conduc t ing  t h e  s e a r c h .  The 

f i r s t  and main f a c i l i t y  was t h e  I n d i a n a  U n i v e r s i t y  L i b r a r y  



System. I n  a d d i t i o n ,  b i b l i o g r a p h i e s  were p r e p a r e d  through 

t h e  Sa fe ty  Research I n f o r m a t i o n  S e r v i c e  of t h e  N a t i o n a l  S a f e t y  

Counci l ,  t h e  Highway Research  In fo rma t ion  S e r v i c e  of t h e  High- 

way Research Board, and t h e  T r a n s p o r t a t i o n  C e n t e r  L i b r a r y  of  

Northwestern U n i v e r s i t y .  

The n a t u r e  of  t h e  s e a r c h  w a s  n o t  a n a l y t i c a l ,  and t h u s ,  

t h i s  r e p o r t  p r e s e n t s  o n l y  a c o n t e n t  review o f  t h e  l i t e r a t u r e  

f o r  i n f o r m a t i o n a l  p u r p o s e s .  The b a s i c  d e s i g n  w a s  t o  b r i n g  

t o g e t h e r  i n  a l o g i c a l  manner w r i t t e n  m a t e r i a l s  concern ing  

speed l i m i t s  from t h e  h i s t o r i c a l  t o  t h e  t e c h n i c a l .  This  t y p e  

of r e p o r t  i s  a u s e f u l  p r e l i m i n a r y  approach t o  g i v e  t h e  r e a d e r  

an overview of  t h e  t o p i c  and t o  p rov ide  d i r e c t i o n  f o r  f u r t h e r  

s tudy . 
Because of t h e  wide v a r i e t y  of m a t e r i a l s  p r e s e n t e d ,  many 

of t h e  works a r e  c i t e d  i n d i v i d u a l l y  t o  p r e s e r v e  t h e i r  unique- 

n e s s .  From t h i s ,  t h e  r e a d e r  h imse l f  can judge t h e i r  worth  

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

A l l  materials t h a t  are c i t e d  i n  t h e  t e x t  o f  t h e  r e p o r t  

can be found i n  t h e  l i s t  o f  r e f e r e n c e s .  P u b l i c a t i o n s  t h a t  

have been cons ide red  and rev iewed,  b u t  are n o t  r e f e r r e d  t o  i n  

t h e  t e x t  can be  found i n  t h e  b i b l i o g r a p h y .  A g l o s s a r y  of 

commonly used  d e f i n i t i o n s  i s  a l s o  inc luded .  

The f o l l o w i n g  chronology  o f  h i g h l i g h t s  i n  t h e  h i s t o r y  of 

speed c o n t r o l  i n  A m e r i c a  i l l u s t r a t e s  t h e  p r o g r e s s  t h a t  has  

been made i n  t h i s  area. 



The h i s t o r y  of speed l i m i t s  i n  t h e  United S t a t e s  da t e s  

back t o  1 6 7 8  when speed r e s t r i c t i o n s  were imposed on horses  

i n  Newport, Rhode I s l a n d  -( 4 ) .  European speed c o n t r o l  had 

i t s  e f f e c t  on American po l i cy ,  and i n  1 9 0 1  t he  f i r s t  speed 

l i m i t  f o r  automobiles i n  t h e  U. S.  w a s  enac ted  i n  Connecti- 

c u t  ( 6 ) .-
Ear ly  speed c o n t r o l  campaigns w e r e  c o l o r f u l  and dramatic.  

But i n  add i t i on  t o  t h e  r a d i c a l  denuriciations of speed and 

"speed mania" came more r a t i o n a l  arguments support ing t h e  ad- 

justment of d r i v i n g  speed and speed r e g u l a t i o n s  t o  e x i s t i n g  

condi t ions  and condemning r eck le s s  d r i v i n g  r a t h e r  than speed, 

per8 se.  

Along wi th  speed r e s t r i c t i o n  l e g i s l a t i o n  came technologi-

c a l  developments f o r  speed measurement, and by t h e  1920s a 

need had developed f o r  minimum speed limits i n  add i t i on  t o  

maximum limits. 

" ...By t h e  1930's  e f f o r t s  w e r e  begun t o  s tudy  speed con- 

t r o l  and t a k e  a more r e a l i s t i c  approach t o  it.. ." (31). The 

organized t r a f f i c  s a f e t y  movement began i n  t h e  mid- '30s, caus-

i n g  both c i t i e s  and s t a t e s  t o  i n s t i t u t e  r i g i d  acc iden t  reduc- 

t i o n  campaigns, t h e  m o s t  no t ab l e  being i n  Providence, Rhode 

I s l and  (63, -65) .  Already i n  t h e  late 1930s such western 

states as Colorado had speed l i m i t s  as high 60 mph ( 6 5 ) .a s  -
During World War I1 an e f f o r t  t o  conserve gaso l ine  and 

rubber brought t h e  e n t i r e  na t ion  under ( 7 4 ) ,a 35 mph l i m i t  -



- - - - -  

and i n  1948 r a d a r  became a p a r t  of t h e  t r a f f i c  c o n t r o l  sys-  

t e m  (80). 

Tracing t h e  development of t h e  p r e s e n t  day speed l i m i t ,  

it can be seen  t h a t  many of t h e  i d e a s  which genera te  contro- 

versy today were proposed q u i t e  e a r l y  i n  t h e  h i s t o r y  of auto-

mobile r e g u l a t i o n .  

A s tudy  conducted a t  t h e  Univers i ty  of I l l i n o i s  i n  1947- 

48 concluded t h a t  t r a f f i c  ignored  speed l i m i t s  and ran  a t  

speeds which d r i v e r s  cons idered  s a f e  and t h a t  most posted 

speed l i m i t s  were i n e f f e c t i v e  because they w e r e  unreason-

a b l e  (79) .-
J. Edward Johns ton  sugges ted  i n  1956 t h a t  t h e  85th per- 

c e n t i l e  w a s  reasonable  (85).and encouraged uniform speeds -

Since t h e  1950s s e v e r a l  major concepts have p reva i l ed  

i n  . the cont roversy  over  t h e  e f f e c t s  of speed limits on d r i v i n g  

speeds.  The f i r s t  i s  t h a t  speed limits have l i t t l e  o r  no e f -  

f e c t  upon d r i v e r  behav io r ;  t h a t  d r i v e r s  ignore  them and 

d r i v e  a t  speeds which they  cons ide r  reasonable and s a f e  (95,-
96, 98, 104, 105, 109) . An opposing view s t a t e s  t h a t  speed 

l i m i t s  do have an e f f e c t  (101,- -107) ; however, d i f f e r e n t  

s t u d i e s  have shown va ry ing  e f f e c t s ,  inc luding  decreased pace 

(971, reduct ion  f a s t  o r  slow speeds causing - of e x c e s s i v e l y  

veh ic les  t o  t r a v e l  c l o s e r  t o  t h e  same speed ( 7 7 ,- -1 1 4 ,  -175) , 
and a random e f f e c t  ( 9 9 ) .-

A 1955 book on T r a f f i c  E n g i n e e r i n g  explained:  

"For any given road t h e r e  i s  an optimum speed 
l i m i t  which w i l l  have t h e  g r e a t e s t  e f f e c t  on s p o t  
speed. T h i s  va lue  i s  u s u a l l y  between t h e  80 and 



- - 

- -  

90 p e r c e n t i l e  of the  free-flowing speed a s  p l o t t e d  
on a cumulative-frequency curve" (77). 
Other a r t i c l e s  seem t o  concur t h a t  t h e  8 5 t h  o r  90th per- 

c e n t i l e  i s  a reasonable  guide f o r  s e t t i n g  speed limits (98 ,-
99, 113) .  

I t  has been s t a t e d  t h a t  abso lu te  speed limits rece ive  

t h e  h ighes t  observance, w h i l e  advisory l i m i t s  a r e  exceeded 

more of t en  than e i t h e r  abso lu te  o r  r egu la to ry  l i m i t s  (90)- . 
Urban l i m i t s  appear t o  be v i o l a t e d  more o f t e n  than r u r a l  

l i m i t s  (105, 109) .  

The s tudy of d r i v e r  speed behavior has i l l u s t r a t e d  a 

number of i n t e r e s t i n g  f i nd ings .  

A 1954 s tudy  found t h a t  about a t h i r d  of a l l  d r i v e r s  

exceeded t h e  85th p e r c e n t i l e  of t h e  s p o t  speed d i s t r i b u t i o n .  

I f  a set of d r i v e r s  w a s  observed a s  many a s  seven t i m e s ,  more 

than ha l f  could be  expected t o  exceed t h e  85th p e r c e n t i l e  

speed a t  l e a s t  once -(116) .  

A s tudy  t o  i n v e s t i g a t e  d r i v e r s '  speed percep t ion  involved 

t h e  a b i l i t y  of e i g h t  s u b j e c t s  t o  ha lve  o r  double t h e i r  speed 

on command. I n  t h i s  s tudy ,  d r i v e r s  seemed t o  underest imate 

t h e i r  speeds when d e c e l e r a t i n g  and t o  overes t imate  them when 

a c c e l e r a t i n g  (119) -. 
A Los Angeles s tudy  conducted t o  assess the e f f ec t iveness  

of w r i t t e n  warnings as compared t o  c i t a t i o n s  involved t h e  

s topping of m o t o r i s t s  who exceeded 40 mph i n  a 25 mph zone. 
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By fol lowing t h e s e  d r i v e r s  a f t e r  c i t a t i o n s  o r  warnings were 

i s sued ,  t h e  s tudy  found t h a t :  

(1) 	Where a c i t a t i o n  was i s s u e d ,  accompanied by no 
conversa t ion  between d r i v e r  and officer, 32 of 
100 c a s e s  recorded exceeded t h e  l i m i t  aga in  
w i t h i n  5 miles. 

(2) 	 Where a s a f e t y  message accompanied t h e  c i t a -  
t i o n ,  33 of 100 c a s e s  exceeded t h e  pos ted  speed 
w i t h i n  t h e  n e x t  5 miles. 

(3)  	 Where a w r i t t e n  warning and s a f e t y  message were 
i s s u e d  i n  p l a c e  of a  c i t a t i o n ,  43 of 100 motor- 
ists had exceeded t h e  l i m i t  w i th in  2  miles and 
22 more w i t h i n  5 m i l e s ,  f o r  a t o t a l  of 65  (122) .-

Numerous p u b l i c a t i o n s  d i s c u s s  t h e  f a c t o r s  which a f f e c t  

speeds.  The fo l lowing f a c t o r s  and r e l a t i o n s h i p s  have been 

i d e n t i f i e d :  

S tud ies  of d r i v e r  v a r i a b l e s  found t h a t  speed increased  

with t r i p  d i s t a n c e  (126, 136, 138) ; non-local v e h i c l e s  t r av -  

e l e d  f a s t e r  than  l o c a l  v e h i c l e s  (138, 139, 143,  1 4 4 ,- - - - -145); 

male d r i v e r s  drove s l i g h t l y  f a s t e r  than female d r i v e r s  (136,-
137, 1.43, 145) ; and, d r i v e r s  wi th  passengers i n  t h e  c a r  drove 

s l i g h t l y  s lower  than t h o s e  wi thout  passengers (137, 143, 145) . 
O t h e r  d r i v e r  v a r i a b l e s  which ' in f luenced  speeds were expected 

a r r i v a l  t i m e  ( 1 4 6 ) ,  frequency of use -- road ( 1 4 6 ) ,  opinion of 

t h e  speed l i m i t  ( 1 4 6 ) ,  and amount of - d r i v i n g  connected with 

the  d r i v e r ' s  work ( 1 4 6 )  .-
Vehicle v a r i a b l e s  showed t h a t  veh ic le  type  (137, 138, 139, 

- - 143, 145) and age a f f e c t e d  speeds with newer c a r s  t r a v e l i n g  

f a s t e r  than o l d e r  ones (126, 136) . 
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Among t h e  roadway v a r i a b l e s  c i t f ? d  were: f u n c t i o n a l  c l a s -  

s i f i c a t i o n  of road type  (137) , s u r f a c e  type  and c o n d i t i o n  (137,--
138, 140,  142,  1 4 7 ) ,  number of l a n e s  and l a n e  width  (129,  137, - - - - 7-
138,  140,  142) , l a n e  p o s i t i o n  (137) , median type  (139,  1 4 7 ) ,  

a c c e s s  c o n t r o l  (137,- 139,-142) , frequency of i n t e r s e c t i o n s  (137,-
139,  140, 147) , s h o u l d e r  wid th  and c o n d i t i o n  (140, 142,  147) , 
and des ign  speed (147) .  Other  f a c t o r s  i d e n t i f i e d  i n c l u d e  geo- -
g r a p h i c  l o c a t i o n  ( 1 3 7 ) ,- s i g h t  d i s t a n c e  - - - -(137,  138,  139, 140,  

-142,  143)-, c u r v a t u r e  (137,- 138,140), g r a d i e n t  (137), l e n g t h  

of grade  (137,  140) , l a t e r a l  c l e a r a n c e  (137,  142) , h o r i z o n t a l  

and v e r t i c a l  r e s i s t a n c e  (138,  143) , marg ina l  f r i c t i o n  (138) , 

v e r t i c a l  and h o r i z o n t a l  a l inement  ( 1 4 2 ) ,  t r a f f i c  s i g n a l s  and -
c o n t r o l  d e v i c e s  (140, 142,  147) , p a r k i n g  (140, 147) , and p res -  

ence of p e d e s t r i a n s  (140,- - 147) . 
T r a f f i c  v a r i a b l e s  shown t o  a f f e c t  speeds  were volume (129,-

130, 138,  140, 142, 147) , p a s s i n g  maneuvers (137) , opposing 

t r a f f i c  ( 1 3 7 ) ,  and p e r c e n t a g e  of commercial v e h i c l e s  (137, 142, 

-147) . X s t u d y  a l s o  i n d i c a t e d  t h a t  v e h i c l e s  i n  each l a n e  tended 

t o  a d j u s t  t h e i r  speeds  t o  t h e  speed of the s lower  p a r a l l e l  l a n e  

(107) .-
A s t u d y  of env i ronmenta l  f a c t o r s  which a f f e c t e d  s p e e d s  

found that o b j e c t s  on t h e  road  s h o u l d e r s  demonst ra ted  l i t t l e  

e f f e c t  on speeds  u n l e s s  t h e  l a n e  w i d t h s  were less t h a n  20 

f e e t  (132) .- Other  env i ronmenta l  f a c t o r s  i n c l u d e  wea the r  (137,-
142,  146) , t i m e  (133, 137,  142) , and r o a d s i d e  e s t a b l i s h m e n t  



- - - 

- - 

I t  can be seen  t h a t  a number of s t u d i e s  have been con-

ducted t o  i d e n t i f y  t h e  above mentioned v a r i a b l e s  and t h a t  t h e r e  

i s  cons ide rab le  agreement i n  t h i s  a rea .  

Although d i s c u s s i o n s  of t h e  speed-accident r e l a t i o n s h i p  

d a t e  back t o  t h e  e a r l y  use  of t h e  automobile,  s e r i o u s  r e s e a r c h  

i n  t h i s  a r e a  seems to  have begun i n  t h e  1930s. From 1930 t o  

1939, t h e  speed c a p a b i l i t y  of t h e  average v e h i c l e  s o l d  r o s e  

from 55 mph t o  84  (126) .-

A number of t h e  e a r l y  s t u d i e s  i n  t h i s  a r e a  a t t r i b u t e d  

t h e  occurrence of a c c i d e n t s  t o  speed (70, 151, 153) , while  

o t h e r s  d i d  n o t  f i n d  a r e l a t i o n s h i p  t o  e x i s t  between high 

d r i v i n g  speeds and a c c i d e n t s  (126, 152) .  One author  even went 

s o  f a r  as t o  say  t h a t  a l l  t r a f f i c  problems w e r e  grounded i n  

highway des ign .  H e  wrote :  

" I t  is a s  e s s e n t i a l  t o  spend e f f o r t  t o  improve t h e  
speed of t r a n s p o r t a t i o n  a s  it is t o  spend it t o  
reduce a c c i d e n t s .  The automobile was n o t  manufac- 
t u r e d  t o  s a v e  l i v e s ,  o r  t h e  roadway b u i l t  t o  pre- 
vent  i n  j u r i e s "  (154)-. 
Since t h e  1950s s e v e r a l  i d e a s  have predominated t h e  

d i scuss ions  of t h e  speed-accident  r e l a t i o n s h i p .  

One concept g e n e r a l l y  accepted by e x p e r t s  i n  t h i s  a r e a  is 

t h a t  acc iden t  s e v e r i t y  i n c r e a s e s  with speed. 

But opin ions  a r e  p o l a r i z e d  on t h e  ques t ions  of speed a s  

a cause of a c c i d e n t  occurrence  and speed l i m i t s  a s  an e f f e c -  

t i v e  means of a c c i d e n t  r educ t ion .  



- - 

There a r e  those  who b e l i e v e  t h a t  speed i s  the  prime cause 

of acc iden ts  - in-(4) and o t h e r s  who i n d i c a t e  t h a t  acc iden ts  

c r ease  w i t h  increased speeds (157, 162) . 
M. E a r l  Campbell p r e sen t s  an i n t e r e s t i n g  approach t o  

speed-accident comparisons. A May 30, 1964 news release from 

t h e  C a l i f o r n i a  Divis ion of Highways s t a t e d  t h a t  al though only 

19 persons have been k i l l e d  a t  t h e  Ind ianapo l i s  500 s i n c e  1911, 

t h i s  is a f a t a l i t y  r a t e  of 3,930 pe r  100 m i l l i o n  v e h i c l e  miles 

a s  compared t o  a f a t a l i t y  r a t e  of 3 p e r  100 m i l l i o n  veh ic l e  

miles on C a l i f o r n i a  freeways. This 133,424 pe rcen t  i nc rease  

a t  140 mph on t h e  race t r a c k  shows how acc iden t  frequency 

inc reases  above 65 mph. 

" T r a f f i c  records  and phys ics  i n d i c a t e  t h a t  no t  
only t h e  hazard of s e v e r i t y  bu t  a l s o  t h e  hazard of 
frequency of h i t t i n g  another  v e h i c l e  o r  f i xed  ob- 
ject i n c r e a s e s  wi th  speed,  and t h e s e  hazards become 
s p e c i a l l y  no tab l e  i n  t h e  h ighe r  ranges.  Speed and 
acc iden t s  cannot be r e l a t e d  t o  e a c h ' o t h e r  simply 
as a two-dimensional r e l a t i o n s h i p :  t h e  r e l a t i o n s h i p  
is always multi-dimensional and may inc lude  one 
hundred o t h e r  f a c t o r s . . . t h e  t h i r d  dimension of 
t r a f f i c  d e n s i t y  must always be included i f  any 
v a l i d  r e l a t i o n s h i p  is t o  come o u t  of t h e  ana lys i s "  
(183) .-

"The hazard of frequency ...is r e l a t e d  t o  t h e s e  
condi t ions :  (1) t h e  speed of t h e  s u b j e c t  c a r  re-
l a t e d  t o  t h e  d e n s i t y ,  frequency d i s t r i b u t i o n  of 
speeds of a l l  t h e  c a r s  i n  t h e  to ta l  t r a f f i c  stream 
and, ( 2 )  f i x e d  o b j e c t s  and o t h e r  roads ide  hazards .  
There are o t h e r  f a c t o r s ,  bu t  t h e s e  appear t o  be 
most important .  I t  appears a l s o  t h a t  t h e  hazard 
rate above and below t h e  average speed of t r a f f i c  
flow i n c r e a s e s  f a s t e r  than t h e  change i n  rate of 
speed" (183) .  -

"One of t h e  b e s t  conf i rmat ions  of t h e  i nc reases  
i n  hazard of frequency of involvement wi th  i nc rease  



i n  speed i s  found i n  t h e  1959-64 records  of t h e  

s ing le -veh ic le  a c c i d e n t .  . .This  type  of acc iden t  

c o n s t i t u t e s  more t h a n  one- th i rd  o f  t h e  acc iden t s  

r e s u l t i n g  i n  f a t a l i t i e s ,  and it i s  i n c r e a s i n g  a2 
a rate s i g n i f i c a n t l y  f a s t e r  than t h e  average r a t e  
of i n c r e a s e  of f a t a l  a c c i d e n t s ,  e s p e c i a l l y  i n  urban 
areasH (183).-
A 1956 s tudy s t a t e d :  

" [ f l a s t e r  d r i v e r s  have m o r e  a c c i d e n t s  than slower 
d r i v e r s ,  e s p e c i a l l y  when judged by t h e i r  speeds 
i n  t h e  af te rnoon.  The i n d i v i d u a l  speeds of t h e  
d r i v e r s  wi th  a c c i d e n t  r ecords  a r e  s l i g h t l y  h igher  
than those  f o r  t h e  d r i v e r s  wi thout  acc iden t  rec-  
o rds ;  while  i n  t h e  morning, it is t h e  d r i v e r s  
wi thout  a c c i d e n t  r e c o r d s  whose speeds a r e  s l i g h t l y  
h igher"  (158)-. 
Another i d e a  having  s e v e r a l  proponents i s  t h a t  low-speed 

d r i v e r s  a r e  more l i k e l y  t o  be involved i n  acc iden t s  than  high- 

speed d r i v e r s  (159, 165,  190) .  - - - The chance of being involved i n  

an acc iden t  is  lowest  a t  about 65 mph, and h i g h e s t  f o r  l o w -

speed d r i v e r s ,  and i t  i n c r e a s e s  a t  over  65 mph (=). 

" . . . [Oln ly  e i g h t  p e r  c e n t  of a l l  f a t a l  motor v e h i c l e  
acc iden t s  a r e  r e p o r t e d  t o  have happened a t  speeds 
above 60 mph i n  1962. On t h e  o t h e r  hand, more than 
h a l f  of a l l  f a t a l  a c c i d e n t s  i n  urban a r e a s  r epor ted ly  
occurred a t  speeds  under 30 mph, t h a t  same year"  (178) .  

A very r a t i o n a l  s t a n d  taken by s e v e r a l  au thors  i s  t h a t  

speed is a c a u s a l  f a c t o r  i n  a c c i d e n t s ,  b u t  it is  one of a num-

ber  of causes and n o t  n e c e s s a r i l y  t h e  most important  (156) . 
"Speeding i s  out rageous ly  over ra ted  a s  a CAUSE 

of a c c i d e n t s .  The f a c t  i s  t h a t  i t  is  i n a t t e n t i v e -
ness  o r  e r r o r s  i n  judgment o r  lack of d r i v i n g  s k i l l  
which c o n t r i b u t e  most heav i ly  t o  t h e  causes of ac-
c i d e n t s .  Seldom does a  s i n g l e  d e f i c i e n c y  cause an 
acc iden t"  (178)-. 



The P r o c e e d i n g s  of N a t i o n a  Z Highwag Safety Bureau  P r i o r i -  

t i e s  S e m i n a r  g i v e s  t h e  fo l lowing  e x p l a n a t i o n :  

"Does speed cause a c c i d e n t s  and produce c a s u a l t i e s ?  
Obviously,  c o n s i d e r i n g  speed of i t s e l f ,  t h e  answer 
is o f t e n  no. As a  m a t t e r  of f a c t  t h e r e  a r e  occa- 
s i o n s  when t h e  c a p a c i t y  f o r  speed 'may even a i d  i n  
t h e  avoidance of a c r a s h  o r  t h e  m i t i g a t i o n  of i t s  
r e s u l t s  (The c a p a c i t y  t o  p a s s  q u i c k l y  i n  a  suddenly  
developing t i g h t  s i t u a t i o n  and t h e  minimizing of 
speed d i f f e r e n t i a l s  i n  rear -end c o l l i s i o n s ,  f o r  
example) .  On t h e  o t h e r  hand speed can ve ry  o f t e n  
compound t h e  t a s k  of a c c i d e n t  avoidance i f  n o t  
p r e c i p i t a t e  a c r a s h .  F u r t h e r ,  and w i t h o u t  q u e s t i o n ,  
speed aggrava tes  t h e  consequences of t h e  c r a s h .  

" I n  d i s c u s s i n g  speed i n  r e l a t i o n  t o  a c c i d e n t s  it 
is  w e l l  t o  d e l i n e a t e  t h e  s e v e r a l  s e n s e s  i n  which 
t h e  t e r m  might be  used.  I t  i s  u s e f u l  t o  t h i n k  of 
speed i n  t h e  fo l lowing  c o n t e x t s :  

'*-a) ve ry  [ s i c ]  high  speed - speeds  approaching 
and exceeding 100 mph. Under t h e s e  c o n d i t i o n s ,  t h e  
r2eed f a c t o r  dominates as a c a u s a t i v e  a g e n t ,  s i n c e  
few i f  any of t h e  e lements  of  t h e  o v e r a l l  v e h i c l e -  
dr iver-highway system have been des igned t o  accomo- 
d a t e  t r a v e l  a t  t h i s  speed .  

"b )  Excess ive  speed f o r  c o n d i t i o n s  - speeds  
r a n g i n g  anywhere from z e r o  t o  d e s i g n  speeds .  T h i s  
c a t e g o r y  of  speed ing  encompasses many of t h e  speed- 
i n g  c i t a t i o n s  i s s u e d  i n  connec t ion  w i t h  a c c i d e n t s .  

" c )  D i f f e r e n t i a l  speed  or speed g r a d i e n t s  i n -  
t h e  t r a f f i c  stream - i n  p a r t ,  an  o v e r l a p p i n g  se t  
w i t h  e x c e s s i v e  speed b u t  a l s o  i n c l u d e s  inadequa te  
speed.  D i f f e r e n t i a l  speed  and t h e  r e l a t e d  v a r i a b l e  
" a c c e l e r a t i o n  n o i s e "  f i g u r e  prominent ly  i n  t h e  
s a f e  and e f f i c i e n t  f l o w  of t r a f f i c .  Large speed  
d i f f e r e n t i a l s  are seldom i f  e v e r  c i t e d  as a con-
t r i b u t i n g  cause ,  t h e  f a c t o r  b e i n g  i m p l i c i t  i n  o t h e r  
improper d r i v i n g  c a t e g o r i e s  such as f o l l o w i n g  too 
close and r e c k l e s s  d r i v i n g .  

"With t h e s e  c o n n o t a t i o n s  of speed i n  mind it can 
be  a p p r e c i a t e d  t h a t  speed is very  o f t e n  n o t  a s ingu-
lar  or an e x p l i c i t  v a r i a b l e  i n  t h e  a c c i d e n t  equa- 
t i o n .  Thus, e f f o r t s  t o  t rea t  speed  as an a c c i d e n t  



- - -  cause a r e  o f t e n  reduced t o  t r e a t i n s  symptoms a r i s -  
i n g  from t h e  synergy of  speed and many o t h e r  system 
f a c t o r s "  (179)-. 
There a r e  d i f f e r i n g  views as t o  t h e  e f f e c t  of speed zon-

i n g  on acc iden t s .  Some s t u d i e s  have shown t h a t  speed l i m i t s  

reduce acc iden t s  e i t h e r  i n  number o r  i n  s e v e r i t y  ( 1 1 4 ,- -155, 

I n  1960 John Baerwald wrote:  "No evidence e x i s t s  t o  i n ~  

d i c a t e  t h a t  a c c i d e n t s  are inc reased  when speed zones a r e  

r a i s e d  and by t h e  same token,  t h e r e  is  no evidence t h a t  acc i -  

den t s  are m a t e r i a l l y  reduced by e s t a b l i s h i n g  zones, although 

a downward t r end  is  i n d i c a t e d "  (96). 

Other s t u d i e s  have shown t h a t  speed l i m i t  p r a c t i c e s  were 

i n e f f e c t i v e  a t  reducing  a c c i d e n t s  of any type (17.7)..-

One of t h e  newer t h e o r i e s  i n  t h e  a r e a  of speed and acc i -  

den t s  is t h a t  a c c i d e n t s  a r e  r e l a t e d  t o  speed d i f f e r e n c e s  (189, 

-191) .  Probably t h e  most noted s tudy t o  suppor t  t h i s  theory 

was 	 conducted by David Solomon. H e  concluded: 

"The accident- involvement ,  i n j u r y ,  and property-  
damage r a t e s  w e r e  h i g h e s t  a t  very low speeds,  
lowest a t  about  t h e  average speed of a l l  t r a f -  
f i c ,  and i n c r e a s e d  a t  t h e  very high speeds,  
p a r t i c u l a r l y  a t  n i g h t .  Thus ,  t h e  g r e a t e r  t h e  
v a r i a t i o n  i n  speed of any v e h i c l e  from t h e  
average speed of a l l  t r a f f i c ,  t h e  g r e a t e r  i t s  
chance of be ing  involved i n  an acc iden t . "  

2 .  	 "The s e v e r i t y  of a c c i d e n t s  inc reased  a s  speed 
inc reased ,  e s p e c i a l l y  a t  speeds exceeding 60 
m i l e s  p e r  hour .  " 

3 .  	 "The f a t a l i t y  r a t e  was h i g h e s t  a t  very high 
speeds and lowest  a t  about t h e  average speed." 



4 .  	 "Pa i r s  of passenger c a r  d r i v e r s  involved i n  
two-car, rear-end c o l l i s i o n s  were much more 
l i k e l y  t o  be t r a v e l i n g  a t  speed d i f f e r e n c e s  
g r e a t l y  i n  excess of those  observed f o r  p a i r s  
of c a r s  i n  normal t r a f f i c . . . "  

5. 	 "Drivers of passenger c a r s  having low horse- 
power had h igher  involvement r a t e s  than d r i v e r s  
of c a r s  having higher  horsepower, ...This  may 
be r e l a t e d  t o  t he  r e l a t i v e l y  poor a c c e l e r a t i o n  
c a p a b i l i t y  a t  highway speeds of c a r s  having 
low horsepower." 

6 .  	 "Nearly ha l f  of a l l  acc iden t  involvements were 
e i t h e r  rear-end c o l l i s i o n  o r  same-direction 
sideswipes.  However, t h e  propor t ion  of t hese  
acc iden t  involvements decreased a s  t r a v e l  speed 
increased.  S ing le  v e h i c l e ,  nonco l l i s ion  acc i -  
den t  involvements con t r ibu t ed  an inc reas ing ly  
g r e a t e r  proport ion of a l l  a cc iden t  involvements 
a s  speed increased ,  p a r t i c u l a r l y  a t  speeds of 
more than 70 mi les  p e r  hour. At . speeds  of 80 
m i l e s  p e r  hour,  non-co l l i s ion  acc iden t s  cons t i -  
t u t e d  ha l f  of a l l  involvements. Although angle  
c o l l i s i o n s  u sua l ly  w e r e  less than 15 percen t  of 
t h e  t o t a l ,  a t  speeds of less than 25 m i l e s  pe r  
hour they c o n s t i t u t e d  more than one- thi rd  of a l l  
a cc iden t  involvements. The propor t ion  of head- 
on c o l l i s i o n s  o r  oppos i t e -d i r ec t ion  sideswipes 
increased  a s  speed increased ;  bu t  t h i s  type of 
acc iden t  involvement always w a s  less than 20 
pe rcen t  of t h e  t o t a l  r ega rd l e s s  of speed and 
day o r  n i g h t  condi t ions"  (167) .-

A r e c e n t  s tudy  by RTI  - IRPS i n d i c a t e d  "a  'U'-shaped 

r e l a t i o n s h i p  between involvement rate and speed deviat ion. . . .  

These r e s u l t s  confirm t h e  hypothesis  t h a t  slow d r i v i n g  as 

w e l l  as f a s t  d r i v i n g  i n c r e a s e s  t h e  l i k e l i h o o d  of being 

involved i n  an acc iden t .  However, t h e  curva ture  of t h i s  

U-shaped r e l a t i o n s h i p  i s  n o t  as pronounced as t h a t  g iven by 

Solomon...." 

The RTI - IRPS s tudy  a l s o  gave suppor t  t o  t h e  use  of 

t h e  	85th p e r c e n t i l e  c r i t e r i o n  s t a t i n g :  



- - - - - -  

- - - -  

"The s t andard  d e v i a t i o n  of t h e  speed d i s t r i b u t i o n  
is  from 5 t o  7  mph. Approximately 85% of t h e  
d r i v e r s  d r i v e  below t h e  mean p l u s  one s t andard  
dev ia t ion .  The d r i v e r s  having speeds between t h e  
mean and one s t a n d a r d  d e v i a t i o n  above t h e  mean 
are d e f i n i t e l y  i n  a low involvement group. The 
region  between one and two s t andard  d e v i a t i o n s  
above t h e  mean speed encompasses approximately 10 
pe rcen t  of t h e  d r i v e r s  and does n o t  have a 
s i g n i f i c a n t l y  g r e a t e r  involvement rate than  a t  
mean speed. This  r eg ion  from t h e  end of t h e  f i r s t  
t o  t h e  end of  t h e  second s t andard  d e v i a t i o n  is 
approximately t h e  t o l e r a n c e  l e v e l  allowed by p o l i c e  
agencies"  (191)-. 
A 1966 a r t i c l e  showed t h a t  o n ' t h e  f i v e  s e c t i o n s  of freeway 

s t u d i e d  "...more than  h a l f  of t h e  v i o l a t i o n s  c o n t r i b u t i n g  t o  

accidents. . .were d i r e c t l y  r e l a t e d  t o  speed d i f f e r e n t i a l  o r  t o  

stream f r i c t i o n  between v e h i c l e s  moving i n  t h e  same d i r e c -

t i o n "  (188) .-
A s  with t h e  o t h e r  areas of speed r e g u l a t i o n  and c o n t r o l ,  

a number of f a c t o r s  have been suggested a s  c r i t e r i a  upon which 

speed l i m i t s  should be based (193, 1 9 4 ,  195, 1 9 6 ,  198, 1 9 9 ) .  

These factors a r e  q u i t e  adequate ly  summarized i n t o  f o u r  main 

ca tegor ies  i n  t h e  a r t i c l e  "An Informat ional  Report on Speed 

Zoning." This a r t i c l e  s u g g e s t s  t h a t  speed l i m i t s  should be 

based on p r e v a i l i n g  v e h i c l e  speeds ,  phys ica l  f e a t u r e s ,  acc i -

dent  exper ience ,  and t r a f f i c  c h a r a c t e r i s t i c s  and c o n t r o l  (197)-. 
Again we f i n d  a g r e a t  amount of suppor t  i n  t h e  l i t e r a -  

t u r e  f o r  t h e  85th p e r c e n t i l e  c r i t e r i o n  (85, 1 4 0 ,  191, 203, 

Warren Kess ler  g i v e s  t h e  fol lowing j u s t i f i c a t i o n  f o r  t h e  

8 5 t h  p e r c e n t i l e  a s  a  b a s i s  f o r  s e t t i n g  speed l i m i t s :  



"The 85th percentile speed is based upon the theory 

that the majority of motorists traveling upon a city 

street or highway are competent drivers and possess 

the ability to determine and judge the speed at 

which they may operate safely; further, that motor- 

ists are responsible and prudent persons who do not 

want to become involved in an accident and desire to 

reach their destinations in the shortest possible 

time" (204).
-
A 1969 "Resolution of the annual meeting of the American 


Association of State Highway Officials" states: 


"The-review of existing practice revealed that 

most of the member departments use, primarily, the 

85th percentile speed. Some agencies use the 90th 

percentile speed, and of secondary consideration are 

such factors as design speed, geometric character- 

istics, accident experience, test run speed, pace, 

traffic volumes, development along the roadway, fre- 

quency of intersections, etc. 


"On the basis of the foregoing review, the Sub- 

committee on Speed Zoning recommends to the AASHO 

Operating Committee on Traffic for consideration as 

an AASHO Policy on Speed Zoning that: 


"The 	85th percentile speed is to be given primary 

consideration in speed zones below 50 miles per 

hour, and the 90th percentile speed is to be given 

primary consideration in establishing speed zones 

of 50 miles per hour or above. To achieve the opti- 

mum in safety, it is desirable to secure a speed 

distribution with a skewness index approaching 

unityn.(207)-. 
A California publication, "Speed Zoning - Why and How," 

discusses the results that realistic speed zoning may produce. 


"A. 	 Reduce the speed differential in a traffic 
stream when there is a large variation of 
speeds. This makes driving easier, increases 
capacity and reduces the liklihood [sic] of 
accidents by encouraging most drivers to 
travel at about the same speed. 



- - 

B. 	 Give enforcement o f f i c i a l s  a good guide as  t o  
what a reasonab le  and prudent  speed i s  under 
normal c o n d i t i o n s  and permi ts  concen t ra t ion  of 
enforcement a g a i n s t  real t r a f f i c  v i o l a t o r s .  

C .  	 Give m o t o r i s t s  a speed l i m i t  which they  can re-  
s p e c t  and obey. When d r i v e r s  r e s p e c t  speed 
l i m i t s  i n  areas wi th  which t h e y  are f a m i l i a r ,  
they a r e  more l i k e l y  t o  pay a t t e n t i o n  t o  l i m i t s  
i n  u n f a m i l i a r  a r e a s .  

D. 	 A s s i s t  t r a f f i c  c o u r t s  by p rov id ing  a r e a l i s t i c  
guide as t o  normal,  reasonable  and prudent  
speeds.  

E.  	 Give l o c a l  r e s i d e n t s  a r e a l i s t i c  p i c t u r e  of 
t h e  a c t u a l  speed of most t r a f f i c .  There i s  no 
s a f e t y  i n  b l i n d  r e l i a n c e  on a speed l i m i t  i n -
c o n s i s t e n t  w i t h  speeds  a c t u a l l y  t r a v e l e d  by 
t r a f f i c .  

F. 	 I n s u r e  t h a t  a l l  speed zones s a t i s f y  t h e  re-
quirements  of  s tate  law" (208 ) .-

More r e c e n t l y  developed areas of d i s c u s s i o n  concern t h e  

uniformity of speeds o r  t h e  speed d i s t r i b u t i o n  (85,- -2 1 4 ) .  

William Taylor  has  s a i d  t h a t  assuming t h a t  v a r i a t i o n  of speed 

d i s t r i b u t i o n  and h igh  a c c i d e n t  r a t e s  on c e r t a i n  s e c t i o n s  of 

highway a r e  a  r e s u l t  of t h e  d r i v e r s '  i n a b i l i t i e s  t o  proper ly  

'7-eva lua te  t h e .  driving s i t u a t i o n ,  it seems t h a t  t h e  speed d i s -  

t r i b u t i o n  would be h e l p f u l  i n  de termining  where speed zoning 
'. 

might be e f f e c t i v e .  Mean speed and 85 th  p e r c e n t i l e  may n o t  

be inf luenced by each d r i v e r ' s  i n a b i l i t y  t o  make a proper evalua-  

t i o n  of cond i t ions  i n  t h e  way t h a t  skewness and k u r t o s i s  of 

the  speed d i s t r i b u t i o n  are ( 2 1 0 )-. 
T a y l o r ' s  theory  states t h a t  a  r e l a t i o n s h i p  e x i s t s  between 

the r a t e  of occurrence of a c c i d e n t s  and t h e  d i s t r i b u t i o n  of 

speeds on a  s e c t i o n  of r u r a l  highway, and t h a t  t h e  e f f e c t i v e -  

ness of speed zoning i n  reducing  a c c i d e n t s  depends on t h e  speed 

d i s t r i b u t i o n  be fo re  and a f t e r  zoning ( 2 1 1 ) .- H i s  s tudy con- 



"1. 	 There is  a s t r o n g  r e l a t i o n s h i p  betweell t h e  
r a t e  of occurrence of acc iden ts  and t h e  speed 
d i s t r i b u t i o n  on r u r a l  s t a t e  hi-ghways . 

2 .  	 The b e s t  parameter t o  use i n  determining non-
normali ty is t h e  skewness of t h e  d i s t r i b u t j o n .  

3. 	 Changing the  speed d i s t r i b u t i o n  from non-normal 
t o  normal r e s u l t s  i n  an acc iden t  r a t e  reduc t ion  
which is  about twice t h a t  found under any o t h e r  
s e t  of before  and a f t e r  condi t ions .  

4. 	 Warrants f o r  speed zoning should be e s t a b l i s h e d  
which include t h e  speed d i s t r i b u t i o n  a s  a 
f a c t o r .  

5. 	 The 'Before '  speed d i s t r i b u t i o n  a lone i s  not  
adequate as a warrant  (177) .f o r  speed zoning" -

A 	 Tennessee Department of Highways Study based on Taylor ' s  

theory concluded t h a t  speed l i m i t s  below 50 mph a r e  b e s t  repre-  

sen ted  by t h e  85th p e r c e n t i l e ,  while l i m i t s  of 50 mph and 

above a r e  b e s t  represented by t h e  90th p e r c e n t i l e  (212)-. 
J. C.  Oppenlander proposed a cost-based method of es tab-

l i s h i n g  speed con t ro l s .  H i s  theory e n t a i l s :  

1. 	 The s e l e c t i o n  of an optimal speed t h a t  minimizes 
t h e  c o s t  of highway t r a n s p o r t a t i o n ,  t ak ing  i n t o  
cons idera t ion  monetary, t i m e ,  s a f e t y ,  and com- 
f o r t  f a c t o r s .  

2. 	 An ad jus ted  speed i s  der ived  from t h e  opt imal  
. 	 speed by s u b t r a c t i n g  t h e  reduc t ion  i n  speed 

occasioned by d r i v e r ,  v e h i c l e ,  roadway, t r a f f i c ,  
and environmental v a r i a b l e s  t h a t  modify vehicu- 
lar speeds,  

3 .  	 S t a t i s t i c a l  r e l a t i o n s h i p s  between upper and 
lower speed l i m i t s  and ad jus t ed  speed produce 
t h e  posted speed r e g u l a t i o n  (200). 

Jack 	C .  Marcellis at tempted t o  apply p a r t  of Oppenlander's 

theory,  c a l c u l a t i n g  t h e  t o t a l  c o s t  of t r a f f i c  movement a s  t h e  

sum 	of opera t ion  c o s t ,  t i m e  cost, and acc iden t  c o s t .  The op- 

t ima l  speed f o r  urban streets w a s  s ca l ed  according t o  frequency 

of s tops .  For passenger cars, opt imal  urban speed ranged from 



4 2  mph f o r  0 s t o p s  p e r  m i l e  t o  27 mph f o r  1 6  s t o p s  p e r  mi le  

dur ing  t h e  day. Night  optimum is s l i g h t l y  lower. Commercial 

v e h i c l e s  would move a t  an optimum speed of 37.5 mph a t  0 s t o p s  

p e r  mi le ,  and a t  8 s t o p s  p e r  mile t h e  optimum would be 25  

mph (215). 
Thus, it can be seen  t h a t  t h e r e  a r e  t h r e e  major approaches 

t o  e s t a b l i s h i n g  speed l i m i t s ,  one based on measures of p r e v a i l -  

i n g  veh ic le  speeds ,  ano the r  based on c h a r a c t e r i s t i c s  of t h e  

speed d i s t r i b u t i o n ,  and a t h i r d  based on c o s t .  

I n  summarizing t h e  body of l i t e r a t u r e  concerning speed 

and speed c o n t r o l ,  t h e  r e a d e r  can probably be  c e r t a i n  of only 

one t h i n g  -- t h e  c o n t r o v e r s i a l  na tu re  of many of t h e  f i n d i n g s  

i n  t h i s  a rea .  However, i n  cons ider ing  the  most r a t i o n a l  and 

b e s t  supported approaches t o  va r ious  a s p e c t s  of t h e  speed prob- 

lem, t h e  fo l lowing conc lus ions  would seem reasonable.  

1. 	 Many of t h e  b a s i c  premises concerning speed behavior 
and i t s  c o n t r o l  a r e  n o t  new; they appear e a r l y  i n  t h e  
h i s t o r y  of speed r e g u l a t i o n  and t h e  automobile. 

2 .  	 Numerous f a c t o r s  r e l a t i n g  t o  t h e ' d r i v e r ,  t h e  v e h i c l e ,  
t h e  roadway, and t h e  environment have a determining 
e f f e c t  on d r i v i n g  speeds .  

3 .  	 The main element i n  determining whether d r i v e r s  ob- 
s e r v e  a speed l i m i t  i s  t h e i r  pe rcep t ion  of t h e  rea-
sonableness  of t h e  l i m i t .  

4 .  	 Speed l i m i t s ,  t aken  a s  a  whole, a r e  b e n e f i c i a l ,  o r  
a t  l e a s t  appear  t o  have no d e t r i m e n t a l  e f f e c t  on ac-
c i d e n t  occurrence.  

5. 	 Speed may p l a y  a l a r g e  r o l e  i n  t h e  s e v e r i t y  of acc i -
d e n t s ,  b u t  i s  merely one of many f a c t o r s  i n  acc iden t  
causa t ion .  



6.  	 A t  p r e s e n t  t h e  most widely  suppor ted  c r i t e r i o n  on 
which t o  base  a speed l i m i t  i s  t h e  85th  p e r c e n t i l e  
speed.  

7. 	 The theory  t h a t  a c c i d e n t s  i n c r e a s e  a s  t h e  v a l u e  of  
t h e  s t a n d a r d  d e v i a t i o n  i n c r e a s e s ,  i . e . ,  t h a t  speed  
d i f f e r e n c e s  p l a y  a c a u s a t i v e  r o l e  i n  a c c i d e n t  occur-  
r e n c e ,  is a promis ing  one,  a s  evidenced by a h i g h  
a c c i d e n t  r a t e  a t  bo th  low and ve ry  h i g h  speeds  and 
a lower a c c i d e n t  r a t e  around t h e  average  o r  normal 
d r i v i n g  speed.  



2 . 0  A SURVEY OF THE EXISTING LITERATURE 

T h i s  s ec t ion  c o n s i s t s  of a summary of p u b l i c a t i o n s  re-

viewed under each of t h e  f i v e  mentioned t o p i c  a r e a s .  

2 . 1  The His tory of Speed L i m i t s  

The h i s t o r y  of speed l i m i t s  i s  i n t e r n a t i o n a l  i n  scope,  

r a t h e r  than being loca l i zed .  However, s i n c e  we a r e  p r imar i ly  

concerned w i t h  speed c o n t r o l  and i t s  r o l e  i n  t h e  t r a f f i c  sys-  

tem of the  United S t a t e s ,  w e  w i l l  only b r i e f l y  d i s c u s s  e a r l y  

speed con t ro l  i n  Europe t o  show i t s  impact on t h e  development 

of speed l i m i t s  i n  t he  U.S. 

A s  e a r l y  a s  1 8 2 4 ,  steam c a r r i a g e s  were used on highroads 

i n  GI ;a t  B r i t a i n .  They were even tua l ly  thought dangerous, 

and i n  1865 l e g i s l a t i o n  w a s  passed r e s t r i c t i n g  speed t o  4 mph 

and r equ i r ing  t h a t  every road locomotive ,be preceded by a 

man with a red  f l a g .  This  a c t  w a s  rep laced  i n  1896 by another  

law which abol ished t h e  red f l a g  and increased  t h e  speed l i m i t  

t o  1 4  mph (L). 
I n  France,  no red  f l a g  law e x i s t e d  and road r ac ing  was 

poss ib l e  by permit  (I) By 1906 France had a gene ra l  speed - . 
l i m i t  of 18 1/2 mph, 12 1/2 mph i n  i n h a b i t e d  areas, and 4 mph 

i n  narrow o r  crowded p l a c e s  (2). 
A Royal Decree allowed 18 1/2 mph o u t s i d e  towns and v i l -  

l ages  i n  Belgium i n  1899 (1). And by 1906 A u s t r i a  had changed 

from no speed r e g u l a t i o n  t o  28 mph i n  open count ry ,  9 mph f o r  



i nhab i t ed  a r e a s ,  and 5 mph on narrow roads,  whi le  Germany 

recommended a no- l imi t  p o l i c y  i n  open country and 9 mph i n  i n -

hab i t ed  a r e a s  -( 2 ) .  

One i l l u s t r a t i o n  of t h e  e a r l y  impact of  European speed 

p o l i c i e s  on American t r a f f i c  r e g u l a t i o n  is found i n  t h e  follow- 

i n g  passage: "Owing t o  the number of a r r e s t s  which have been 

r e c e n t l y  made i n  Paris f o r  t h e  f a s t  d r i v i n g  of automobiles,  

a t t e n t i o n  has  been c a l l e d  t o  a method which w i l l  determine t h e  

speed e x a c t l y ,  and n o t  l eave  t h i s  t o  t h e  judgment of t h e  p o l i c e  

o f f i c e r "  ( 3 ) .  

But t h e  h i s t o r y  of speed l i m i t s  i n  t h e  United S t a t e s  had 

a much e a r l i e r  beginning.  Even before  t h e  appearance of t h e  

automobile on American s t r e e t s ,  an i n c i d e n t  i n  Newport, Rhode 

I s l and  i n  1678 r e s u l t e d  i n  t h e  f i r s t  known speed law. A f t e r  

a  c h i l d  had been run down by a horseman, t h e  fo l lowing regu- 

l a t i o n  and accompanying f i n e  w e r e  imposed : 

" . . . i f  any person o r  pe r sons  s h a l l  presume t o  r i d e  
on e i t h e r  h o r s e ,  mare or ge ld ing ,  a g a l l o p  o r  t o  
run speed,  i n  t h e  s t r e e t s  of Newport, s a i d  person 
s h a l l  f o r  h i s  o f f e n s e  pay i n t o  t h e  t r e a s u r e r  of s a i d  
towne 5 s h i l l i n g s  of money on demand, 2 s h i l l i n g s  of 
which s h a l l  be p a i d  t o  any person o r  persons t h a t  
s h a l l  g ive  in fo rmat ion  the reof  and t h e  o t h e r  3 
s h i l l i n g s  t o  remain f o r  t h e  use of s a i d  towne" (4). 

I n  1757, Boston churchgoers  were p r o t e c t e d  by a l i m i t  of 

a " foo t  pace" f o r  c a r r i a g e s  on Sunday (4-1. 

Speed was a l s o  l i n k e d  t o  p u b l i c  s a f e t y  i n  t h e  high dea th  

t o l l  from t h e  e l e c t r i c  t r o l l e y .  "The damage s u i t s  r e s u l t i n g  



from these  acc iden ts  made it a mat te r  of equa l  concern t o  t he  

company t o  p r o t e c t  l i f e ;  hence,  the  r a t e  of slowness...was 

p re sen t ly  what it had been when p a t i e n t  horses  went j i n g l i n g  

up and down the  town. .." (2). 
The f i r s t  speed l i m i t  imposed on automobiles i n  t h e  

United S t a t e s  was enacted i n  Connecticut  i n  1901 and provided 

f o r  speeds of 12 mph and 8 mph i n  c i t i e s  ( 6 )- . 
Soon a f t e r  t h e  appearance of t he  motor v e h i c l e  on American 

s t r e e t s ,  t h e  people of t h e  na t ion  became involved i n  a g r e a t  

debate  over speed con t ro l .  The s t rong  advocates of r e g u l a t i n g  

t h e  automobile waged a c o l o r f u l  and highly emotional  campaign 

t o  encourage i t s  r e s t r i c t i o n .  They termed it "The l a t e s t  en-

croachment upon t h e  l i b e r t y  of t h e  highwayw ( 7 )- and began t h e i r  

b a t t l e  a g a i n s t  t h e  epidemic of "speed mania" (8, 9). Vivid 

d e s c r i p t i o n s  such a s  t h e  fol lowing w e r e  used t o  p r e s e n t  t h e  

i s s u e : 

"The ch i ld ren  must be s h u t  up. The h a l t  and maimed 
must s t a y  i n  bed. The moto r i s t  must have h i s  ru sh ,  
and i f  he does no t  k i l l  anyone he claims p o s i t i v e  
moral c r e d i t  f o r  l i f e s a v i n g "  (10). 

I n  1906 t h e  Commissioners of t h e  D i s t r i c t  of Columbia repor ted:  

"The most s e r i o u s  ob jec t ion  t o  t h e  automobile is 
t h e  speed a t  which it i s  f r equen t ly  d r iven  on t h e  
p u b l i c  thoroughfares .  The abatement of t h i s  e v i l  
is  i n t r u s t e d  t o  a d e t a i l  of b i cyc l e  policemen. The 
a c t i v i t y  of t h i s  f o r c e  is shown by t h e  f a c t  t h a t  
dur ing  t h e  ca lendar  yea r  1905 t h e r e  w e r e  between 
400 and 500 arrests f o r  i n f r a c t i o n s  of t h e  automo-
b i l e  r e g u l a t i o n s ,  of which 246 w e r e  p rosecu t ions  
based upon v i o l a t i o n s  of t h e  speed l i m i t .  An anal-
y s i s  of t he se  l a t te r  cases shows t h a t  15 persons  



w e r e  t w i c e ,  4 p e r s o n s  w e r e  t h r e e  t i m e s ,  and 2 pe r -
sons  were f o u r  t i m e s  a r r e s t e d  and c o n v i c t e d  of v i o -
l a t i n g  t h e  speed  r e g u l a t i o n s .  

"The amount of f i n e s  c o l l e c t e d  d ~ ! ~ i i l gl!le : r A ~ r  
from t h e s e  2 4 6  v i o l a t o r s  of t h e  speed  l a w  w a s  
$ 2 , 2 6 8 .  I t  i s ,  p e r h a p s ,  p rope r  t o  remark a t  t h i s  
p o i n t  t h a t  a l t h o u g h  t h e  r e g u l a t i o n s  p r o v i d e  a maxi-
mum f i n e  of  $40 t h i s  sum w a s  a s s e s s e d  on ly  once dur-  
i n g  t h e  y e a r ,  t h e  ave rage  f i n e  be ing  less t h a n  $10. 
The r e p e t i t i o n  o f  t h e  o f f e n s e  d i d  n o t ,  a p p a r e n t l y ,  
de t e rmine  t h e  amount o f  t h e  f i n e .  The g e n e r a l  p rac-  
t ice  seems t o  have been t o  impose a p e n a l t y  of  $5 
f o r  t h e  f i r s t  o f f e n s e ,  $10 f o r  t h e  second ,  and $20 
f o r  t h e  t h i r d .  I n  more t h a n  one i n s t a n c e ,  however, 
t h e  f i r s t  o f f e n s e  w a s  p e n a l i z e d  more h e a v i l y  t h a n  
t h e  second ,  w h i l e  t h e  o p e r a t o r  who w a s  a r r e s t e d  
f o u r  t i m e s  w a s  made t o  pay $40 f o r  t h e  f i r s t  o f f e n s e  
and on ly  $5 f o r  t h e  second .  I t  is e v i d e n t ,  t h e r e -
f o r e ,  t h a t  t h e  p o l i c e  c o u r t  t a k e s  cognizance  of t h e  
c i r cums tances  s u r r o u n d i n g  t h e  o f f e n s e  r a t h e r  t h a n  
t h e  r e p e t i t i o n  of t h e  v i o l a t i o n .  

"Although t h e  Commissioners b e l i e v e  t h a t  a r i g -
orous  enforcement  of t h e  p e n a l t y  p rov ided  by t h e  
r e g u l a t i o n s  would go f a r  toward r e s t r a i n i n g  t h e  
f a s t  runn ing  of  au tomob i l e s ,  t hey  a p p r e c i a t e  t h a t  
occas ion  might  ar ise  wherein  t h e  i m p o s i t i o n  of a 
f i n e  f o r  ove r speed ing  would be  t o t a l l y  i nadequa te  
a s  a punishment.  S e v e r a l  of t h e  S t a t e s  have a l r e a d y  
r ecogn ized  t h i s  f a c t  and provide  imprisonment as 
an a l t e r n a t i v e .  The l a w s  of t h e s e  S t a t e s ,  b r i e f l y  
s t a t e d  are as follows: 

"Alabama, $ 2 5  t o  $100 f o r  f i r s t  o f f e n s e ;  $50 
t o  $200 f o r  subsequen t  o f f e n s e ,  o r  t h i r t y  days t o  
s i x  months '  imprisonment.  

"Connec t i cu t ,  $200 o r  under ,  o r  t h i r t y  days i n  
j a i l .  

" I l l i n o i s ,  $25 t o  $200, o r  t h r e e  months'  impr i -
sonment,  o r  b o t h .  

"Maine, $50,  o r  t e n  d a y s '  imprisonment. 
"Mis sou r i ,  $100 t o  $1,000,  o r  imprisonment from 

t h i r t y  days  t o  s i x  months, o r  bo th .  
"New York, f i r s t  o f f e n s e ,  n o t  ove r  $100; second 

o f f e n s e ,  $50 t o  $100, or imprisonment no t  exceed-
i n g  t h i r t y  d a y s ,  or b o t h ;  t h i r d  o f f e n s e ,  $100 t o  
$250 and imprisonment n o t  exceeding t h i r t y  days .  

"Pennsy lvan ia ,  $10 t o  $100, o r  t h i r t y  days '  
imprisonment.  

"Rhode I s l a n d ,  n o t  exceeding $20, o r  t h r e e  
months ' imprisonment.  

"Vermont, n o t  exceeding  $100, o r  f i f t e e n  d a y s '  
imprisonment ,  or b o t h .  



"The Commissioners a r e  informed t h a t  sen tences  
of imprisonment a r e  r a r e l y  o r  ever  imposed i n  t hese  
S t a t e s ,  which i n d i c a t e s  t h a t  would-be r e c k l e s s  auto-
mob i l i s t s  have a wholesome f e a r  of involun ta ry  con-
finement. The Commissioners be l i eve  t h a t  an impri-
sonment law ought t o  be enacted f o r  t h e  D i s t r i c t  of 
Columbia, but  suggest  t h a t  t h e  mandatory language 
of t h e  proposed measure might wel l  be amended s o  a s  
t o  conform with  t h e  s t a t u t e s  of t h e  S t a t e s  mentioned. 
With t he  p o s i b i l i t y  of imprisonment cons t an t ly  men-
acing v i o l a t o r s  of t h e  speed r e g u l a t i o n s ,  it i s  be-
l i eved  t h a t  t he  tendency t o  overspeeding w i l l  be 
e f f e c t u a l l y  checked. 

" I t  w i l l  be observed t h a t  t h e  proposed b i l l  of 
t h e  commissioners inc ludes  horse-drawn v e h i c l e s .  
This i nc lus ion  is no t  only f o r  t h e  purpose of avoid-
i n g  any charge of d i s c r imina t ion  a g a i n s t  w n e r s  and 
opera tors  of automobiles,  which charge might be made 
the  b a s i s  of a l e g a l  e f f o r t  t o  overthrow w i s e  and 
necessary l e g i s l a t i o n ,  bu t  is a l s o  based upon t h e  
f a c t s  shown by an examination of t h e  p o l i c e  records .  
During t h e  ca lendar  yea r  1905 t h e r e  w e r e  275 a r r e s t s  
and convic t ions  f o r  f a s t  d r iv ing .  This i s  an e v i l  
which is unquestionably on t h e  i n c r e a s e  i n  t h e  
A s t r i c t  of Columbia, and t h e  Commissioners a r e  of 
t h e  opinion t h a t  c a r e l e s s  and r e c k l e s s  d r i v e r s  ought 
a l s o  t o  s u f f e r  adequate pena l ty .  

"The Commissioners a l s o  r eques t  t h a t  they be 
given a u t h o r i t y  t o  revoke t h e  l icens 'e  o r  permit  
g ran ted  t o  any owner or ope ra to r  of an automobile 
a f t e r  s a i d  owner o r  ope ra to r  s h a l l  have been t w i c e  
convicted i n  t h e  p o l i c e  c o u r t  of v i o l a t i n g  t h e  speed 
r e g u l a t i o n s ,  provided such revoca t ion  s h a l l  be  
deemed necessary f o r  p u b l i c  s a f e t y "  (11). 
A popular  magazine article i n  1907 def ined  two classes 

of "cr iminaloid"  d r i v e r s :  

"The type of man who motors a t  dangerous speed i s  
the  same type t h a t  specu la t e s  i n  more s t o c k s  t han  
he is a b l e  t o  c a r r y ,  eats and d r i n k s  more than  h e  
can assimilate, covers  himself  wi th  gaudy jewels, 
makes an ob jec t ionab le  e x h i b i t i o n  of himself  on 
every p o s s i b l e  occasion.  The s t r o n g  arm of t h e  
law is t h e  only  e f f e c t i v e  curb f o r  t h i s  spec i e s ;  
f o r  it is a no to r ious  f a c t  t h a t  t h e  l o g i c a l  conclu- 
s i o n  of such d i sordered  l i v e s  as t h e s e  is i n  s ta te ' s  
p r i son  o r  t h e  electric c h a i r .  



"Yet most of t h e  motoring a c c i d e n t s ,  e s p e c i a l l y  
about l a r g e  c i t i e s ,  a r e  due n o t  s o  much to  cr imi-
n a l o i d  owners of c a r s  a s  t o  r e c k l e s s  h i r e d  chauf- 
f e u r s . .  .Saloons have sprung up i n  t h e  nci*_r'7borhnr?d 
of a l l  b i g  garages  and they  a r e  o f t e n  too  we l l  
pa t ron ized  f o r  t h e  s a f e t y  of t h e  publ ic .  Chauffeurs 
a f t e r  a hard  d a y ' s  run drop i n  and t ake  a d r i n k  o r  
two...And t h a t  i s  why I say t h a t  a g r e a t  source  of 
danger t o  l i f e  and limb is  t h e  t i r e d  m o t o r i s t  who 
drinks" ( 9 ) .  

During t h i s  t ime t h e r e  was n o t  only concern f o r  t h e  harm caused 

by t h e  speeding d r i v e r ,  b u t  a l s o  f o r  a  method of handl ing t h e  

speed v i o l a t o r .  Henry Underwood, t h e  author  of t h e  a r t i c l e  

quoted above, suppor ted  t h e  revoking of t h e  d r i v e r ' s  l i c e n s e  

over o t h e r  forms of punishment, saying:  

"And your speed maniac who laughs a t  a f i n e  and 
boas t s  of it among h i s  f e l l o w  maniacs would tremble 
with f e a r  a t  t h e  p r o s p e c t  of having h i s  l i c e n s e  
revoked f o r  a  month, o r  s i x  months, o r  a y e a r "  (2). 
A 1909  a r t i c l e  gave t h e  fo l lowing account of dea l ing  wi th  

t h e  v i o l a t o r :  

" In  N e w  York C i t y  i n  two days l a s t  week over  90 
cases  of chauf feurs  and owners of automobiles ac-
cused of v i o l a t i n g  t h e  speed r e g u l a t i o n s  w e r e  t r i e d  
i n  t h e  c o u r t  of S p e c i a l  S e s s i o n s ,  and f i n e s  ranging 
from f i v e  d o l l a r s  t o  one thousand d o l l a r s  were i m -
posed; and t h e  c o u r t s  a r e  a c t i n g  with unprecedented 
promptness and s e v e r i t y "  (8). 

A second approach t o  speed c o n t r o l  w a s  more r a t i o n a l .  

Proponents of l e s s  r i g i d  r e s t r i c t i o n s  supported t h e  adjustment 

of d r iv ing  speed and speed r e g u l a t i o n s  t o  e x i s t i n g  cond i t ions ,  

condemning r e c k l e s s  d r i v i n g  r a t h e r  than speed, p e r  s e .  Auto-

mobiles were compared t o  o t h e r  modes of t r a n s p o r t a t i o n ,  and 

d r i v e r  s k i l l  was taken i n t o  account .  Such w r i t e r s  recognized 



- - - - -  

- - - - - -  

t he  f a c t  t h a t  unreasonably low speed l i m i t s  were being ignored.  

By 1906, 75,000 automobiles were i n  use i n  t h e  U . S .  and rea-

sonable r egu la t ions  were being demanded ( 1 2 ,  1 3 ,  1 4 ,  15 ,  1 6 ) .  

Another phase of e a r l y  speed r e g u l a t i o n  w a s  t he  develop- 

ment of mechanical ins t ruments  f o r  speed measurement and speed 

con t ro l .  A s  e a r l y  a s  1904, a speed i n d i c a t o r  had been manu- 

fac tured  t o  accu ra t e ly  r e g i s t e r  speed from 2 mph t o  45 mph (17) .  -
Later  t h e  speedometer was considered e s s e n t i a l  and t h e  d r i v e r  

wi th  a speedometer was thought t o  have no excuse f o r  speed- 

i ng  (18). 
Throughout t h e  h i s t o r y  of t h e  automobile,  speed gover- 

nors  were repea ted ly  suggested and fought a s  a means of l i m i t -

i n g  speed ( 1 4 ,  19,  20, 21, 2 2 ,  23).  And i n  1910 a double 

camera equipped wi th  a t i m e r  was used t o  d e t e c t  speeding vio- 

l a t i o n s .  "A moto r i s t  who has been stopped does no t  have t o  

r e l y  on.. . the speed claimed by o f f i c e r s  ope ra t ing  a t r a p  by 

means of s t o p  watch and s i g n a l s "  (24). (Note t h a t  by t h i s  

t i m e  w e  can a l s o  see i n d i c a t i o n s  of t h e  f a m i l i a r  speed t r a p . )  

Another au tho r ,  Montgomery R o l l i n s ,  explained:  "The reg- 

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

f i n d  it a problem hard t o  d e a l  wi th ,  they a r e  c r i t i c i z e d  r a t h e r  

f o r  omission than commission. The newspapers t e e m  w i t h  com-

p l a i n t s  i n  t h i s  regard" (=). 

The above author  r e l a t e d  an anecdote i l l u s t r a t i n g  t h e  ex-

t e n t  t o  which communities would go i n  r e g u l a t i n g  d r i v e r s '  speed: 



- - 

"A r a t h e r  amusing a t t empt  t o  b r ing  t h e  automo- 
b i l e  speed w i t h i n  reason occurred  i n  C a l i f o r n i a .  
Outside of one of t h e  l a r g e  c i t ies ,  many e f f o r t s  
had been made by t h e  use  of warning s i g n s ,  t o  slow 
t h e  c a r s  down, b u t  s t i l l  an end less  process ion  of 
automobiles moved a long i n  t o t a l  d i s r e g a r d  of t h e  
wishes of t h e  community. F i n a l l y ,  i n  d e s p e r a t i o n ,  
someone, t h i n k i n g  t o  appea l  t o  t h e  m o t o r i s t s '  good 
n a t u r e ,  hung a tremendous canvas s ign  a c r o s s  t h e  
highway, r ead ing ....AUTOMOBILES WILL PLEASE SLOW 
DOWN TO SEVENTY MILES AN HOURtt (25).  
I n  1909, t h i s  a u t h o r  sugges ted  t h a t  speed l i m i t s  f o r  t h e  

sake of p u b l i c  s a f e t y  would soon be surpassed  by t h e  ques t ion  

of t a x a t i o n  f o r  road  r e p a i r  ( 2 5 ) .-
I n  1910 t h e  l e g i s l a t u r e s  of a l l  bu t  e l even  s t a t e s  had 

motor-car l e g i s l a t i o n  and a movement was on t o  make t h e  s t a t e  

r egu la t ions  uniform ( 2 6 )- . 
The s u p p o r t e r s  of t h e  automobile cause recognized t h a t  

laws were more s t r o n g l y  en fo rced  a g a i n s t  automobiles than 

o t h e r  forms of t r a n s p o r t a t i o n .  "The automobile i s  new and 

blamed f o r  eve ry th ing . "  They pushed f o r  equal  r i g h t s  on t h e  

road (27).-

Arguments f o r  fewer r e s t r i c t i o n s  on t h e  automobile became 

more numerous ( 2 8 ,  2 9 ,  30). The Automobile Club of America 

made t h e  fo l lowing recommendation: 

"We adv i se  t h a t  a l l  speed l i m i t a t i o n s  should be 
omitted from t h e  l a w .  I n  our  experience a l e g a l  
speed l i m i t  merely i n c r e a s e s  t h e  number of o f fenders ,  
because no m a t t e r  what t h e  l i m i t  i s ,  t h e  ma jo r i ty  
of d r i v e r s  w i l l  t r y  t o  exceed i t "  (28) .  

Governor Draper of Massachuset ts  s t a t e d  t h a t :  

"Speed l i m i t s  were unnecessary,  because a machine 
may be d r iven  r e c k l e s s l y  a t  f i v e  miles  an hour a s  



w e l l  a s  a t  f i f t y ,  bu t  i n  t h e  p re sen t  development 
of the  indus t ry  I be l i eve  it is  necessary t o  have 
a proper speed l i m i t  e s t ab l i shed  a s  prima f a c i e  
evidence of lawbreaking. A s  he pointed o u t ,  t he  
r e a l  danger is  no t  v e l o c i t y ,  per  s e ,  b u t  reck less -  
ness .  . .Yet ,  it is  not  easy t o  determine reck less -  
ness ,  and thus  it is convenient t o  have a speed 
l i m i t ,  no t  a s  a r i g i d  t h ing ,  bu t  a s  prima f a c i e  
evidence of r eck le s s  d r iv ing"  (30).  

I t  i s  i n t e r e s t i n g  and important  t o  no te  t h a t  " [s lpeeding 

w a s  about t h e  only d r i v i n g  v i o l a t i o n  recognized i n  t h e  e a r l y  

days. I t  is s i g n i f i c a n t  t h a t  when Chicago i n  1912 e s t a b l i s h e d  

t h e  count ry ' s  f i r s t  c o u r t  t o  handle t r a f f i c  cases exc lus ive ly ,  

it w a s  c a l l e d  Speeder ' s  Court ,  no t  T r a f f i c  Court. . ." (31). 

Each s t a t e  adopted i t s  own motor v e h i c l e  r egu la t ions  

and speed l i m i t s  v a r i ed  g r e a t l y  from state t o  s t a t e  and com-

munity t o  community ( 3 2 ,- -33, 34, 35, 36, 37, -3 8 ) .  S t a t e s  

o f t e n  l e f t  t h e  ques t ion  of speed up t o  t h e  d r i v e r  wi th  t h e  

q u a l i f i c a t i o n  t h a t  it be "reasonable  and proper"  and s p e c i a l  

speed l i m i t s  w e r e  o f t e n  set  f o r  hazardous a r e a s  such as 

br idges ,  curves ,  etc. 

The many f a c e t s  of t h e  speed problem w e r e  a l l  considered 

and d i scussed  i n  t h e  popular  magazines of t h e  time. H.  S. 

Whiting argued a g a i n s t  t h e  manufacturer ' s  l i m i t a t i o n  of t h e  

speed c a p a b i l i t i e s  of t h e  v e h i c l e ,  say ing  t h a t  t h e  r egu la t ions  

should be  p u t  on t h e  d r i v e r .  " 1 t . i ~t h e  d r i v e r  who causes  the 

car t o  speed o r  t o  be  exces s ive ly  noisy due t o  l ack  of  care. 

Thus, e v i l  is  n o t  i n h e r e n t  i n  t h e  machine b u t  i n  t h e  manan 

This  w r i t e r  a l s o  po in ted  ou t  t h e  concern of boards of h e a l t h  



over t h e  " u n h e a l t h f u l  p r o p o r t i o n  of carbon monoxide produced 

by automobiles" (39). 
I n  1913 t h e  fo l lowing r e l a t i o n s h i p  was b e l i e v e d  t o  e x i s t  

between speed and s e v e r i t y  of  c o l l i s i o n s : " ... t h e  d e s t r u c t i v e  

e f f e c t s  of an over tu rn  o r  a c o l l i s i o n  are i n c r e a s e d ,  n o t  i n  

p ropor t ion  t o  t h e  speed,  b u t  t o  t h e  square of t h e  speed" (40). 

Automobile c lubs  i n  Maryland, Indiana,  and D e t r o i t  began 

t o  engage i n  s e l f - r e g u l a t i n g  a c t i v i t i e s .  A c l u b  member would 

r e p o r t  any v i o l a t o r  t o  t h e  c l u b  headquarters  which would, i n  

t u r n ,  send a l e t t e r  u rg ing  compliance ( 4 1 )- . 
"The number of dea ths  i n  1919 w a s  about 100 p e r  m i l l i o n  

of popula t ion ,  and t h e  e s t i m a t e  f o r  1920.. .is 110 p e r  m i l l i o n ,  

o r  a l i t t l e  less than 12,000" (42).  Eight  hundred was the  

p ro jec ted  dea th  t o l l  of automobile acc iden t s  f o r  New York C i t y  

John H.  Mackall,  chairman and ch ie f  engineer  of the  

Maryland Roads Commission s t a t e d  i n  1927 t h a t  a r c h a i c  speed 

l i m i t s  remained i n  f o r c e  because "...two groups of  people want 

t o  r e t a i n  t h e  o ld  o r d e r  -- t h e  p o l i c e  and groups of i n d i v i d u a l s  

alarmed a t  t h e  i n c r e a s e  of f a t a l i t i e s "  (44) . 
A "progress ive"  s y s  t e m  of t r a f f i c  c o n t r o l s  was developed 

and used i n  such c i t i e s  a s  Chicago and D e t r o i t .  "You're sup- 

posed t o  motor a t  t h e  r a t e  of twenty miles an hour .  I f  you 

d r i v e  a t  t h i s  speed ,  y o u ' l l  f i n d  t h e  'Go'. . . f a s t e r  or  slower,. 

y o u ' l l  s ee  t h e  ' s t o p ' "  -( 4 5 ) .  



The F i r s t  Na t iona l  Conference on S t r e e t  and Highway S a f e t y  

h e l d  i n  1924 made t h e  fo l lowing  recommendation: 

" . . . In  o r d e r  t o  promote un i fo rmi ty  t h e  speed 
l i m i t s  should  be  s u b j e c t  t o  g e n e r a l  c o n t r o l  by t h e  
S t a t e  law, which shou ld  p r o h i b i t  any m u n i c i p a l i t y  
from e s t a b l i s h i n g  a speed  l i m i t  l o w e r  t han  15 m i l e s  
p e r  hour ,  provided t h a t  m u n i c i p a l i t i e s  and o t h e r  
p o l i t i c a l  s u b d i v i s i o n s  of  t h e  S t a t e  s h o u l d  b e  em-
powered t o  f i x  s p e e d - l i m i t  zones a c c o r d i n g  t o  l o c a l  
c o n d i t i o n s ,  b u t  shou ld  be r e q u i r e d  t o  mark t h e  
boundar ies  of  such  zones p l a i n l y .  I n  r u r a l  a r e a s ,  
i n s t e a d  of an a b s o l u t e  speed l i m i t ,  it s h o u l d  b e  
provided t h a t  when any v e h i c l e  exceeds  30 miles p e r  
hour t h a t  speed s h a l l  b e  prima facie unreasonab le ,  
and it s h a l l  be  incumbent upon t h e  o p e r a t o r  t o  
prove a f f i r m a t i v e l y  t h e  reasonab leness  of  such 
g r e a t  speed" (46, 47). 

I n d i c a t e d  speeds  f o r  s p e c i a l  c i r cumstances  i n  t h e  1930 

Uniform Vehic le  Code w e r e  1 5  mph f o r  s c h o o l  or g r a d e  c r o s s i n g s ,  

20 mph f o r  b u s i n e s s  d i s t r i c t s  and dangerous i n t e r s e c t i o n s ,  25 

mph i n  r e s i d e n t i a l  d i s t r i c t s ,  and 45 mph f o r  o t h e r s  ( 4 8 ,- -4 9 ,  

By t h e  1920 ' s  a  new problem had grown up w i t h i n  t h e  

o l d  (50, 51). 

"With t h e  growth o f  motor t r a f f i c  and c o n g e s t i o n  
t h e  q u e s t i o n  of  a minimum speed r a t e  a s  w e l l  a s  'a 
maximum d e s e r v e s  c o n s i d e r a t i o n  ...Already t h e  p o l i c e  
officers i n  a number o f  ci t ies are u r g i n g  c a r s  t o  
move a t  a more r a p i d  pace ,  b u t  i n  no  p l a c e  have 
they  been g iven  a u t h o r i t y  by o r d i n a n c e  t o  r e q u i r e  
a d e f i n i t e  speed.  I t  is  s u g g e s t e d  t h a t  f o r  major 
streets, when t h e  c o n d i t i o n s .  of t r a f f i c  p e r m i t ,  a l l  
v e h i c l e s  shou ld  b e  r e q u i r e d  t o  move a t  n o t  less 
than  one-half  of  t h e  l e g a l  maximum of t h e  d i s t r i c t "  
(20). 
A Traffic Officer's Training Manual summarized t h e  speed 

c o n t r o l  t h e o r i e s  developed up t o  1930. 



"There are two o p p o s i t e  views with r ega rd  t o  
l e g i s l a t i o n  on t h e  s u b j e c t  of speed. One is t h a t  
it is  imposs ib le  t o  name any speed l i m i t  o r  l i m i t s  
t h a t  w i l l  be s a t i s f a c t o r y  under a l l  cond i t ions ;  
and t h a t  t h e r e  should be only  a genera l  r u l e  making 
it unlawful  t o  d r i v e  a t  any speed which may be 
dangerous. According t o  t h e  o t h e r  view such a r u l e  
is  t o o  vague, l e a v i n g  t o o  much t o  t h e  judgment of 
t h e  d r i v e r ,  and t h e r e f o r e  a f i x e d  l i m i t  is  recom-
mended. ..Out of these two views have grown t h e  
prima facie speed l a w s "  (50). 

"Another i n t e r e s t i n g  theory  has  been developed, 
t h a t  speed l i m i t s  should  be based upon t h e  c l e a r  
space ahead. The i d e a  i s  t h a t  t h e  f a r t h e r  ahead 
t o  each s i d e  an o p e r a t o r  can s e e ,  t h e  f a s t e r  he 
should be pe rmi t t ed  t o  go, s o  long as he is a b l e  
t o  s t o p  h i s  c a r  i n  t i m e  t o  prevent  a c o l l i s i o n "  (50).  

"Thus f a r  minimum speed l i m i t s  a r e  no t  i n  genera l  
use ,  bu t  t h e i r  u t i l i t y  i s  widely admitted" (50). 

"...By t h e  1930 ' s  e f f o r t s  w e r e  begun t o  s tudy  
speed c o n t r o l  and t a k e  a more r e a l i s t i c  approach 
t o  it..." (31). 

A l l  a s p e c t s  of speed w e r e  considered and recons idered .  

I n  1930 c a r s  capable  of going 80 o r  100 mph were being 

so ld  i n  s t a t e s  wi th  a l e g a l  l i m i t  of from 20 t o  40 mph. 

Connecticut and Kansas had no maximum, b u t  most o t h e r  s t a t e s  

had a l i m i t  of 35 t o  4 5  mph -( 5 2 ) .  

A two-year experiment i n  Rhode I s l a n d  employed "reason- 

ab le  speed" s i g n s  and found t h a t  " [ b l e s i d e s  a i d i n g  i n  keeping 

the  high speed d r i v e r  w i t h i n  l i m i t s ,  they have speeded up t h e  

slow d r i v e r ,  l e d  t o  more uniform r a t e s . .  .t o  fewer acc iden t s"  



A 1934 study observed and recorded speeds by us ing  

"mirror-boxes" and stopwatches. 6 7 4 , 9 4 5  v e h i c l e s  were ob-

served ou t  of a t o t a l  pass ing volume of 1,06S1,694. The over-

a l l  average speed f o r  a l l  veh ic l e s  w a s  33.8 mph. The average 

speed w a s  34.5 mph f o r  r u r a l  roads and 31.1 mph f o r  suburban 

roads .  Higher average speeds were observed on w e l l  paved and 

four- lane roads ,  and on those  m o s t  used by " fore ign  cars" 

[ i . e . ,  ou t -of - s ta te  v e h i c l e s ] .  There was a no t i ceab le  decrease  

i n  speed on curves and a l e s s  marked e f f e c t  on grades.  Upgrade 

speeds were g r e a t e r  than downgrade speeds. A comparison of wet 

and dry pavements i n d i c a t e d  t h a t  " t h e  determining f a c t o r  i s  

apparent ly  not  t h e  change from w e t  t o  d ry ,  o r  v i c e  ve r sa ,  bu t  

whether t h e  road a c t u a l l y  became more o r  less s l i p p e r y  a s  a 

r e s u l t  of t h e s e  changes. '  N o  gene ra l  decrease  i n  speed f o r  

veh ic l e s  approaching i n t e r s e c t i o n s  w a s  observed u n t i l  t h e  ve- 

h i c l e s  were wi th in  a q u a r t e r  of a mile of t h e  r o t a r y  t r a f f i c  

i s l a n d  marking t h e  i n t e r s e c t i o n .  The s tudy  could e s t a b l i s h  no 

d e f i n i t e  r e l a t i o n s h i p  between speed and a c c i d e n t  frequency,  

but  a high percentage of v i o l a t i o n  of pos ted  speed limits w a s  

observed (54)- . 
"70 pe rcen t  of t h e  d r i v e r s  who exceeded t h e  

speeds i n d i c a t e d  by t h e  l i m i t  s i g n s  r e s t r a i n e d  
themselves s u f f i c i e n t l y  so as n o t  t o  exceed t h a t  
l i m i t  by more than 5 o r  10 m.p.h. On t h e  o t h e r  
hand, t h e r e  w e r e  about 30 pe rcen t  of  t h e  d r i v e r s  
who apparen t ly  d i s regarded  t h e  s i g n s  e n t i r e l y  and 
continued t o  d r i v e  a t  t h e i r  awn pace,  which v a r i e s  
from 15 m.p.h. up t o  an inde te rmina te  l i m i t  set 
only by t h e i r  degree  of reck lessness .  The fact 



t h a t  t h e r e  w a s  such  g e n e r a l  v i o l a t i o n  of t h e  speed 
l i m i t s ,  p a r t i c u l a r l y  i n  t h e  lower  r anges ,  t e n d s  t o  
c h a l l e n g e  t h e  judgment used i n  l o c a t i n g  t h e  s i g n s .  

" I t  shou ld  be  n o t e d  i n  t h i s  connec t ion  t h a t  
under  t h e  p r e s e n t  sys t em the s i g n s  are on ly  ad-
v i s o r y ,  t h a t  t hey  are p l a c e d  on t h e  highways on ly  
from March t o  December, and some a t t e m p t  h a s  been 
made i n  t h e  p a s t  t o  v a r y  them from t i m e  t o  t i m e  t o  
m e e t  changing road  or wea the r  c o n d i t i o n s "  ( 5 4 )-
Thus it w a s  r e c o g n i z e d  t h a t  " [ i l n  a lmost  a l l  c a s e s  where 

t h e  low speed  l i m i t  i s  i n  e f f e c t ,  t h e  pe rcen tage  of v i o l a t i o n s  

i s  h igh ..." (55).  

Night  d r i v i n g ,  as w e l l  as s e a s o n a l  road and wea ther  con-

d i t i o n s ,  p r e s e n t e d  i t s  problems.  

"With au tomobi les  c a p a b l e  of  h i g h  r a t e s  o f  speed  
and w i t h  a good many d r i v e r s  o p e r a t i n g  them p rac -  
t i c a l l y  a s  f a s t  d u r i n g  hour s  o f  darkness  a s  d u r i n g  
hours  of  d a y l i g h t ,  it may be  t aken  f o r  g r a n t e d  t h a t  
ve ry  l i t t l e  can b e  accomplished a long  t h e  l i n e  of 
g e t t i n g  o p e r a t o r s  t o  r educe  t h e i r  speeds  a t  n i g h t ,  
u n l e s s ,  by chance ,  e d u c a t i o n a l  a c t i v i t i e s  are mul-
t i p l i e d  many t i m e s . .  . t h e  t h i n g  t o  do  i s  t o  s t a r t  t o  
improve highway i l l u m i n a t i o n "  (56). 
Other  s o u r c e s  i n d i c a t e  t h a t  as la te  as 1938 speed  l i m i t s  

w e r e  n o t  ( 5 7 ) .en fo rced  a t  n i g h t  -

During t h e  mid-1930s t h e  o rgan ized  t r a f f i c  s a f e t y  move- 

ment i n  t h e  U. S .  w a s  g i v e n  i t s  i n i t i a l  impetus by an a roused  

p u b l i c  op in ion  ( 5 8 ) .  " I n  1 9 3 6 ,  t h e  N a t i o n a l  S a f e t y  Counci l  -

appointed a committee on s p e e d ,  which surveyed t h e  problem and 

came up w i t h  a set  o f  recommendations t h a t  form t h e  b a s i s  f o r  

r e a l i s t i c  speed c o n t r o l  today"  (31). The importance of t h e  

use  of r ecogn ized  ( 5 9 ) .  t r a f f i c  e n g i n e e r s  w a s  -



Stud ie s  on speed a s  a cause of acc iden t s  gave t h e  follow-

i n g  s t a t i s t i c s :  of 1,056 acc iden ts  occur r ing  on 2 2  of D e t r o i t ' s  

main thoroughfares i n  January of 1931, only e leven d r i v e r s  

were l i s t e d  as speeders ,  and of 10,822 acc iden t s  analyzed by 

t h e  o f f i c e  of t h e  Di rec tor  of T r a f f i c  i n  Washington, D. C . ,  

only  1.5% were c l a s sed  as "Exceeding t h e  Speed Limit ."  How-

e v e r ,  an a n a l y s i s  of acc iden t s  i n  New York S t a t e  f o r  5.75 years  

ranked "Exceeding t h e  Speed L i m i t "  as 3rd i n  t h e  a c t i o n  of 

d r i v e r s  involved i n  acc iden t s ,  and it was t i e d  f o r  second i n  

a similar s tudy by t h e  Nat ional  Safe ty  Counci l  (60 )- . 
M i l l e r  McClintock descr ibed  two methods of approaching 

t h e  a n a l y s i s  of speed and i ts  r e l a t i o n  t o ' a c c i d e n t s .  The 

" s e n t j m e n t a l i s t "  approach "envis ions  acc iden t s  as caused by 

r e c k l e s s ,  foolhardy,  a n t i - s o c i a l  or i n t o x i c a t e d  d r i v e r s ,  who 

r ace  over our  street and highways a t  very h igh  r a t e s  of speed,  

wi th  u t t e r  d i s r ega rd  f o r  p u b l i c  s a f e t y ,  u n t i l  they k i l l  o r  

a r e  k i l l e d .  " The "realisticNapproach "does no t  v i s u a l i z e  t h e  

t r a f f i c  acc iden t  problem a s  r e s u l t i n g  from t h e  supper-speed 

of a few abnormals, bu t  r a t h e r ,  from t h e  d a i l y  ope ra t ion  of 

28,000,000 motor v e h i c l e s  by 40,000,000 reasonably average,  

normal i n d i v i d u a l  c i t i z e n s  who become involved i n  a c c i d e n t s  

because a v e h i c l e  o r  v e h i c l e s ,  under a p a r t i c u l a r  set of  cir-

cumstances, are t r a v e l i n g  a t  ' excess ive  speeds ' "  (61).  
The s a f e t y  approach was soon supplemented wi th  an eco-

nomic approach. It w a s  r e a l i z e d  t h a t  speed w a s  expensive n o t  

- 3 5  -



only i n  terms of s a f e t y  b u t  also i n  terms of money. F a s t e r  

d r i v i n g  causes a car t o  use  more g a s ,  more o i l ,  and causes 

more t i re  wear ( 6 2 ) .-
There w a s  a l s o  concern expressed  f o r  adequate ly  equipped 

enforcement agencies  t o  implement a cont inuous,  unikorm en-

forcement p o l i c y  (57)- . 
During t h e  late 19309, s a f e t y  campaigns w e r e  i n s t i t u t e d  

by many c i t i e s  and s t a t e s .  Among those  c i t e d  i n  t h e  popular 

l i t e r a t u r e  of t h e  t ime w e r e  Massachuset ts ,  Iowa, North Dakota, 

Connect icut ,  Pennsylvania ,  and Kansas C i t y  and Wichi ta ,  Kansas 

(63, 64, -65) , bu t  t h e  most noted example of an a c c i d e n t  reduc- 

t i o n  campaign w a s  i n  Providence,  Rhode I s l a n d  (63 ,- -6 5 ) .  The 

s a f e t y  campaign by t h e  people  of Providence gave t h e  c i t y  a 

record  of 111 days wi thou t  a t r a f f i c  f a t a l i t y .  This  was ac-

complished by a h i g h l y  p u b l i c i z e d  campaign coupled wi th  s t r ic t  

enforcement and p u b l i c  suppor t  and compliance w i t h  a 25  mph 

speed l i m i t  i n  t h e  c i t y .  "A monthly 'sampling' of speeds of 

3,000 c a r s  a t  5 2  l o c a t i o n s  showed t h a t  t h e  number of c a r s  

opera t ing  over  25 and up t o  and i n c l u d i n g  30 mph w e r e  reduced 

by about one-seventh; c a r s  o p e r a t i n g  over  30 mph were reduced 

by a l i t t l e  more t h a n  t h r e e - q u a r t e r s "  (5). 

A t  t h e  same t i m e  t h a t  s a f e t y  campaigns w e r e  us ing  r i g i d  

speed reduct ion  techniques  t o  dec rease  t h e  number of acc iden t s ,  

t h e  fol lowing s t a t ement  could  be found i n  a book e n t i t l e d  Seven 

Roads t o  S a f e t y :  



"Speed i n  re la t i011 t o  s a f e t y  i s  a complex sub-
j e c t ,  and we need t o  know more than we do before  
w e  make f i n a l  pronouncements concerning i t s  regula-
t i o n .  Generally speaking,  speed docs no t  seem t o  
be a primary f a c t o r  i n  a l a r g e  number of acc iden t s ,  
bu t  may g r e a t l y  i nc rease  t h e i r  i n t e n s i t y .  England 
i s  f i l l e d  wi th  slow c a r s  and has almost t w i c e  our  
acc iden t  r a t e .  Speed is r e l a t i v e .  ... 

"An i n t e r e s t i n g  f a c t  about speed and s a f e t y  has  
j u s t  been turned up i n  s p e c i a l  s t u d i e s  made by t h e  
Nat ional  Sa fe ty  Council.  This  research  shows t h a t  
t h e  speeding d r i v e r  who f i g u r e s  i n  an acc iden t  w a s  
gene ra l ly  helped t o  have t h e  acc iden t  by contr ibu-
t o r y  negligence on t h e  p a r t  of t h e  o t h e r  fe l low" 
(67) 
I t  is  i n t e r e s t i n g  t o  no te  t h a t  some of t h e  advisory speed 

s i g n s  and speed zoning p o l i c i e s  used i n  t h e  l a t e  1930s a r e  

s t i l l  i n  use o r  are similar today. The Ohio Department of 

Highways, f o r  example, used t h e  same advisory speed s i g n  f o r  

curves i n  1938 t h a t  is used a t  p r e s e n t  (68)- . 
The fol lowing is  from an ar t ic le  , e n t i t l e d  "Municipal 

T r a f f i c  Problems on S t a t e  Routes i n  Indiapa":  

' In o rde r  t o  e s t a b l i s h  uniformity  of a p p l i c a t i o n  
of t h e  var ious  speed l i m i t s ,  t h e  fol lowing d e f i n i -
t i o n s  are app l i ed  t o  a l l  proposed speed zones on 
t h e  state highway system: 

1. 20-kph zones s h a l l  be es tab l i shed .when  a t  
least 50 p e r  c e n t  of t h e  f r o n t a g e  ( i nc lud ing  
both s i d e s  o f  t h e  street) f o r  a d i s t a n c e  of 
500 f e e t  o r  more, measured a long t h e  cen te r -
l i n e  of t h e  street is used f o r  business .  

2. 30-mph zones s h a l l  be  e s t a b l i s h e d  i n  loca-
t i o n s  o u t s i d e  of 20-mph zones where t h e  
t o t a l  f ron tage  on both s i d e s  of t h e  street 
is occupied by res idences  o r  res idences  and 
bus iness  bu i ld ings  under 100 f e e t  apart . . . .  

3. 40-mph zones s h a l l  be  e s t a b l i s h e d  i n  loca-
t i o n s  n o t  covered by 20- and 30-mph zones 



when t h e  t o t a l  f r o n t a g e  on bo th  s i d e s  of 
t h e  s t reet  is occupied  by r e s i d e n c e s  o r  
r e s i d e n c e s  and b u s i n e s s  b u i l d i n g s  more than  
100 f e e t  and less t h a n  300 f e e t  a p a r t "  (69). 

"The f o l l o w i n g  r u l e s  are a l s o  fo l lowed i n  t h e  u s e  
of speed l i m i t  s i g n s :  

1. 	 A 30-mph zone must always be  preceded  by a 
40-mph zone a t  leas t  700 f e e t  i n  l e n g t h .  

2. 	 A 20-mph zone must  always be  preceded  by a 
30-mph zone a t  leas t  700 f e e t  i n  l e n g t h .  

3. 	 The s i g n s  f o r  t h e  beg inn ing  of  a s e c t i o n  of 
road  o r  s t reet  zoned f o r  a c e r t a i n  speed  
must have t h e  word BEGIN a t  t h e  t o p .  

4.  	 The numera l s  on a l l  BEGIN s i g n s  s h a l l  be 
r e f  l e c t o r i z e d .  

5. 	 A t  t h e  end of  e a c h  zoned a r e a -  t h e  s i g n s  
s h a l l  have t h e  word END a t  t h e  t o p .  

6.  	 I n t e r m e d i a t e  s i g n s  s h a l l  be p l a c e d  a t  s u f -  
f i c i e n t l y  f r e q u e n t  i n t e r v a l s  t o  keep t h e  
m o t o r i s t  in formed and t o  s e c u r e  obedience"  (69). 

Speed l i m i t s  a t  t h i s  t i m e  ( l a t e  1930s) w e r e  a s  h igh as 

6 0  mph i n  Colorado and o t h e r  s t a t e s .  "S ix ty  s t i l l  sounds l i k e  

a l o t  of  speed t o  many c i t y  f o l k s  i n  E a s t e r n  s t a t e s ,  b u t  i t ' s  

commonplace i n  many o t h e r  p a r t s  o f  t h e  count ry"  (65). 
A 1937-38 s t u d y  o f  "Veh ic l e  Speeds on Connec t i cu t  Highways 

r e s u l t e d  i n  the f o l l o w i n g  f i n d i n g s :  

"A summary of t h e  o b s e r v a t i o n s  made d u r i n g  t h e s e  
p e r i o d s ...r e v e a l s  t h e  s u r p r i s i n g  f a c t  t h a t  t h e  aver-
age speeds  of  p a s s e n g e r  c a r s  and buses  w e r e  high-
es t  i n  w i n t e r  and l o w e s t  i n  summer, d e s p i t e  t h e  f a c t  
t h a t  25  p e r c e n t  o f  t h e  w i n t e r  o b s e r v a t i o n s  were made 
i n  bad wea the r . .  . I t  s e e m s  p robab le  t h a t  t h e  s lower  
speed of p a s s e n g e r  cars i n  summer r e s u l t s  from t h e  
p resence  of numerous p l e a s u r e  d r i v e r s .  " 



"That passenger c a r s  from ou t s ide  t h e  S t a t e  a r e  
dr iven a t  markedly higher rates of speed than 
Connecticut  c a r s  was revealed by t h e  s tudy.  The 
recorded speeds a l s o  show t h a t  t h e  d r i v e r  f a r t h e s t  
from home d r ives  t h e  f a s t e s t . "  

"The observers  recorded the  l i c e n s e  numbers a s  
wel l  a s  t h e  speeds of t he se  c a r s .  A l i s t  of the  
l i c e n s e  numbers was s e n t  t o  t h e  o f f i c e  of t he  
Connecticut  Department of Motor Vehic les ,  where t h e  
name of t h e  owner of each car and h i s  acc iden t  rec-  
ord  s i n c e  1928 w e r e  a scer ta ined .  Because of dup l i -  
c a t i o n s ,  t he  f i n a l  f i g u r e s  included 981 c a r s  ob- 
served a t  high speeds and 1,054 observed a t  moder- 
a t e  speeds. 

"Resu l t s  of t he se  observat ions .  ..show t h a t  27.8 
pe rcen t  of t he  d r i v e r s  observed t r a v e l i n g  a t  high 
speeds had been involved i n  acc iden t s ,  a s  compared 
with 21.3 percen t  of t he  d r i v e r s  observed t r a v e l -  
i ng  a t  moderate speeds. I n  o t h e r  words, 30 pe rcen t  
more of t h e  f a s t  d r i v e r s  had been i n  acc iden ts .  ' 

Moreover, those f a s t  d r i v e r s  who had been involved 
i n  acc iden t s ,  had had more of them and accounted 
f o r  45  percen t  more acc iden ts t t  (70). 

During t h i s  t i m e  t h e r e  w e r e  a l s o  some t e c h n i c a l  advances 

i n  t r a f f i c  c o n t r o l ,  f o r  example, Maryland's use of "...a new 

t r a f f i c - s i g n a l  system combining automatic speed c o n t r o l  and 

t r a f f i c  c o n t r o l  a t  a  highway i n t e r s e c t i o n . . . "  (71). 
Once again  innovat ion was c a l l e d  upon t o  t a c k l e  t h e  com-

munity speed problem. I n  New Brighton,  Pennsylvania,  " [ l l a r g e  

s i g n s  were posted a t  two main en t r ances  t o  t h e  town...advis- 

i n g  t h e  motoring p u b l i c  t h a t  they a r e  e n t e r i n g  New Brighton 

and t h a t  no speed- t raps  w i l l  be encountered. I n s t e a d ,  they 

are asked t o  p l ea se  abide by t h e  35-mile l i m i t ,  and are 

thanked i n  advance f o r  t h e i r  cooperation*' (72).  



World War I1 presented a new approach t o  t h e  c o n t r o l  of 

v e h i c l e  speeds.  

" I n  t he  war years  t h e  t r a f f i c  s a f e t y  program 
cont inued,  al though c u r t a i l e d .  A nation-wide 
appea l  was made t o  save manpower by prevent ing  
acc iden t s ,  and t h i s ,  wi th  gaso l ine  r a t i o n i n g  and 
a n a t i o n a l  speed l i m i t  of  35 miles  an hour,  
g r e a t l y  reduced t h e  number of accidents1 '  ( A ) .  

"The wartime sho r t age  of rubber fol lowing 1940 
caused Federal  a u t h o r i t i e s  t o  lengthen t h e  u s e f u l  
l i f e  of motor tires by making 35 MPH t h e  maximum 
speed a t  which v e h i c l e s  should be operated" (73) 

"Before World War I1 t h e  b a s i c  r u l e  of 'rea-
sonable and prudent '  speeds was i n  e f f e c t .  On 
March 1 8 ,  1942 t h e  Governor of Indiana e s t a b l i s h e d  
a 45 mph. l i m i t  t o  conserve rubber.  On J u l y  26, 
1942, t h e  l i m i t  w a s  lowered t o  40 mph. and on 
September 30, 1942, t h e  e n t i r e  na t ion  w a s  p laced 
under a 35 mph. l i m i t . "  El iminat ion of t h e  war 
l i m i t  a f t e r  t h e  f a l l ,  of  1945 brought back t h e  
' reasonable  and prudent '  r u l e .  (74)- . 

.Speed r u l e s  w e r e  set  up f o r  s p e c i a l  c i rcumstances  o f w a r -  

t i m e  d r i v i n g ,  such a s  moving under blackouts  when no a i r  r a i d  

s i g n a l  had been given (75) - . 
"Joseph B. Eastman, D i r ec to r  of t h e  Of f i ce  of 

Defense Transpor ta t ion ,  i n  a s ta tement  addressed 
t o  s t a t e  and municipal  a u t h o r i t i e s ,  s a i d :  'The 
neces s i t y  f o r  conserving v e h i c l e s ,  rubber and 
f u e l ,  and t h e  enormous expansion of w a r  product ion 
i n  some a r e a s ,  have c r e a t e d  important  changes i n  
street t r a f f i c .  Adjustments i n  t r a f f i c  c o n t r o l  
methods have no t  k e p t  pace ...This  is' wast ing rub- 
ber ,  gaso l ine  and t i m e .  ' " H e  asked f o r  e l imina t ion  
of unnecessary t r a f f i c  s i g n a l s ,  f l a s h i n g  l i g h t s ,  
use of t r a f f i c  o f f i c e r s  t o  decrease  de l ay  when 
necessary,  and es tab l i shment  of war r o u t e s  f o r  
workers (76 ) .-
The following quote  traces t h e  average speed t r e n d s  from 

t h e  e a r l y  yea r s  of t h e  automobile through World War 11: 



- - 

" S t a t i s t i c s  of f r ee -d r iv ing  speeds on f l a t ,  
l e v e l ,  two-lane r u r a l  tangents  dur ing  f a i r  day l igh t  
hours show t h a t  average d r iv ing  speeds have in-  
creased over t h e  yea r s .  Average speeds of 2 1  rnph 
were r epo r t ed  as e a r l y  a s  1910 i n  Iowa. I n  1925, 
average speeds of 25.6 rnph ranging from 1 4  t o  61 
mph, were found i n  a s ta tewide  speed survey of 
Rhode I s land .  Speeds of 37 rnph were r epo r t ed  i n  
Iuwa f o r  t h e  same yea r .  By 1934, t h e  average speed 
of motor veh ic l e s  i n  Connecticut  had reached 39 
mph. J u s t  p r i o r  t o  World War 11, i n  1941, t h e  aver-
ave f r e e  speed on r u r a l  roads  was 47.1 mph. War 
condi t ions  caused a drop i n  average speed t o  36 rnph 
by t h e  end of 1942, b u t  s i n c e  t h a t  t i m e  it has 
climbed back t o  va lues  above pre-war l e v e l s "  (77). 
Developments a f t e r  t h e  war included such p r a c t i c e s  a s  t h e  

reduct ion of t h e  speed l i m i t  a t  n i g h t  -( 7 8 ) .  

A s tudy a t  t h e  Univers i ty  of I l l i n o i s  i n  1947-1948 i n d i -

cated t h e  following: (1) T r a f f i c  ignores  speed l i m i t s  and 

runs it speeds which d r i v e r s  cons ider  s a f e  f o r  cond i t i ons ;  

( 2 )  Speeds vary l i t t l e  wi th  t r a f f i c  volumes up t o  t h e  p o i n t  

where congestion begins;  ( 3 )  Most pos ted  speed l i m i t s  are 

i n e f f e c t i v e  because they a r e  unreasonable;  and, ( 4 )  S u f f i -

c i e n t l y  high,  enforceab le  speed l i m i t s  would exped i t e  t r a f f i c  

and a i d  i n  enforcement (79).-
I n  1948 r ada r  w a s  in t roduced i n t o  t h e  system of t r a f f i c  

c o n t r o l  and became an important  t o o l  f o r  p o l i c e  and t r a f f i c  

engineers  (80) .  I n  t h e  y e a r s  t h a t  - followed f u r t h e r  techno- 

l o g i c a l  developments i nc lud ing  such dev ices  as "speed-watches" 

and computerized photographic mechanisms w e r e  added (81, 82) .  

A 1949 p e r i o d i c a l  acknowledged t h e  f a c t  t h a t  " [ t l h e  es-

tablishment of a uniform l e g a l  speed l i m i t  f o r  r u r a l  and urban 



a r e a s  i s  n o t  a so lu t ion .  Such a policy is unsound. A l i m i t  

set a t  t h e  maximum s a f e  speed f o r  t h e  poores t  s e c t i a n  of high-

way is  obviously an i n v i t a t i o n  t o  d i s r ega rd  t h e  law...35 of 

t h e  S t a t e s  now e x e r c i s e  t h e  a u t h o r i t y  t o  p o s t  speed l i m i t s  

d i f f e r i n g  from t h e  speed t h a t  has been set a s  a gene ra l  maxi- 

mum. The r u r a l  Sta tewide daytime l i m i t s  range from 25  miles 

p e r  hour i n  1 S t a t e  t o  no l i m i t  i n  14 S t a t e s '  (83). 
The na tu re  of S t a t e  speed r e g u l a t i o n s  i n  t h e  1950s i s  

a l s o  i n d i c a t e d  i n  t h e  l i t e r a t u r e  (84). 
"Some s t a t e s  s t i l l  have speed l i m i t s  n o t  exceed-

i n g  40 miles p e r  hour on major highways, b u t  h igher  
speeds  a r e  i n  e f f e c t  i n  most states.' Except f o r  
Connect icut ,  Maine, and New J e r s e y ,  no s t a t e  has  a 
40 m i l e  l i m i t  on r u r a l  roads .  The Merritt Parkway 
i n  Connecticut  permits  a speed of 55 m i l e s  p e r  hour 
over  a major po r t i on  of i ts  length ,  whi le  t h e  
Pennsylvania Turnpike between Harr isburg and 
P i t t sbu rgh  al lows 7 0  milesu (5 ). 
I n  March of 1953 t h e  Indiana Leg i s l a tu re  passed a 65 mph 

l i m i t  ( 74 ) .-
Higher speed l i m i t s  were supported i n  o rde r  t o  he lp  juc- 

t i f y  expendi tures  f o r  b e t t e r  roads.  T r a f f i c  laws a t  t h i s  t i m e  

were not  keeping up w i th  t h e  r a p i d  rise i n  average speeds.  

Author J. Edward Johnston suggested i n  1956 t h a t  t h e  85th per-  

c e n t i l e  w a s  reasonable  and encouraged uniform speed. H e  a l s o  

s t a t e d  that many f a c t o r s  were more important  than speed i n  

acc iden t  causa t ion  (85)- . 
A 1956 d e f i n i t i o n  of "speed t r a p "  s t a t e d :  



"Today w e  have a n o t h e r  k ind  of speed t r a p .  A 
speed t r a p  may be d e f i n e d  a s  a s t r e e t  o r  road which 
i s  wide enough, s t r a i g h t  and smooth enough, and 
s u f f i c i e n t l y  free of o b s t r u c t i o n s  l i m i t i n g  v i s i b i l -  
i t y  t o  permi t  d r i v i n g  a t  a c e r t a i n  speed  b u t  where 
t h e  l a w  n e v e r t h e l e s s  cal ls  f o r  a much lower  speed" (86). 

The Na t iona l  S a f e t y  Counci l  Committee on Speed s u g g e s t e d  

c e r t a i n  p o l i c i e s  which were embodied i n  t h e  1956 r e v i s i o n  of  

t h e  Uniform Vehic le  Code. The recommended b a s i c  r u l e  w a s  a 

speed r e a s o n a b l e  and p r u d e n t  under e x i s t i n g  c o n d i t i o n s .  I t  

proposed a b s o l u t e  speed l i m i t s  o f  30 mph f o r  urban d i s t r i c t s  

and 60 mph day l i m i t s  and 55 mph n i g h t  l i m i t s  f o r  o t h e r  roads .  

I t  a l s o  recommended t h a t  i n  speed zoning f i x e d  numer ica l  l i m i t s  

shou ld  be a l t e r e d  by a p p r o p r i a t e  a u t h o r i t i e s  and based on en-

g i n e e r i n g  and t r a f f i c  i n v e s t i g a t i o n s  (=,88). 

Recent work i n  t h e  a r e a  of  speed l i m i t s  h a s  been n o t  on ly  

i n  t e c h n i c a l  and mechanical  developments (89)- b u t  a l s o  i n  re-

s e a r c h .  A survey of s tates '  o f f i c i a l s  conducted i n  connec t ion  

w i t h  t h e  Veh icu la r  Speed Regu la t ion  Research P r o j e c t  found 

t h a t :  (1) t h e  " r e a s o n a b l e  and p ruden t"  s t a t e w i d e  speed  l a w s  

should  b e  e l i m i n a t e d ;  ( 2 )  maximum speed  l i m i t s  shou ld  b e  70 

mph for r u r a l  c o n t r o l l e d  access highways and 55 t o  65 mph f o r  

o t h e r  main r u r a l  highways; and (3) a minimum l i m i t  a round 

40 t o  45 mph shou ld  b e  used on r u r a l  c o n t r o l l e d  access h igh-

ways (%). 

Comparison of speeds  i n  t h e  l a s t  20-25 y e a r s  shows t h e  

fo l lowing  i n c r e a s e :  



"To the  e x t e n t  t h a t  h igh speed i s  shown t o  be  
de t r imen ta l ,  t h e r e  is t r u l y  cause  f o r  concern. 
S ince  '1945, average r u r a l  speeds i n  t h e  U . S .  have 
been inc reas ing  approximately 0.5 miles p e r  hour  
( M P H )  each year .  The percentage of v e h i c l e s  ex- 
ceeding 50 MPH on s e l e c t e d  r u r a l  highways has i n -  
c reased  from 40 t o  80 percen t  ' i n  t h e  per iod  1947- 
1967. On r e p r e s e n t a t i v e  s e c t i o n s  of r u r a l  I n t e r -  
s t a t e  highways, 19 pe rcen t  of a l l  t r a f f i c  exceeds 
70 MPH" (91). 
Annotations t o  t h e  Uniform Vehic le  Code of 1967 s t a t e d  

t h a t  20 s t a t e s  were i n  s u b s t a n t i a l  conformity wi th  t h e  basic 

speed r u l e .  Compliance wi th  recommended maximum l i m i t s  i s  

h igh ,  and 34  s t a t e s  a r e  i n  s u b s t a n t i a l  agreement w i t h  recom-

mended minimum speed r egu la t ions .  Twenty-three j u r i s d i c t i o n s  

r e q u i r e  speed zone a l t e r a t i o n s  t o  be based on engineer ing  and 

t r a f f i c  i n v e s t i g a t i o n s ,  and twenty-four states make some pro- 

v i s i o n  f o r  admin i s t r a t i ve  a l t e r a t i o n s  ( 9 2 ) .-
I n  J u l y  of 1968 t h e  " b a s i c  speed r u l e "  of t h e  Uniform 

Vehic le  Code was changed t o  read:  

"Sec. 11-801 -- Basic  r u l e  

N o  person s h a l l  d r i v e  a v e h i c l e  on a highway a t  
a speed g r e a t e r  than is  reasonable  and prudent  
under t h e  condi t ions  and having regard t o  t h e  a c t u a l  
and p o t e n t i a l  hazards  then e x i s t i n g .  Cons i s t en t  
with t h e  foregoing,  every v e h i c l e  s h a l l  be  d r i v e n  
a t  a s a f e  and appropr i a t e  speed when approaching 
and c ros s ing  an i n t e r s e c t i o n  o r  ra i lway grade  cros-
s i n g ,  when approaching and going around a cu rve ,  
when approaching a h i l l  c r e s t ,  when t r a v e l i n g  upon 
any narrow o r  winding roadway, and when s p e c i a l  
hazards e x i s t  wi th  r e s p e c t  t o  p e d e s t r i a n  o r  o t h e r  
t r a f f i c  o r  by reason of weather o r  highway condi- 
t i o n s "  (93). 
An i n t e r e s t i n g  addendum t o  t h e  h i s t o r y  of speed l i m i t s  

abroad is a r ecen t  p r a c t i c e  i n  France. 



"Those under 20  yea r s  of age,  and a l l  d r i v e r s  who 
have held  a l i cense  f o r  less than a yea r ,  a r e  ex- 
pected t o  conform t o  a speed l i m i t  of 90 kph ( 5 6  
mph). Spec i a l  s t i c k e r s  must be a f f ixed . .  ." (94). 
The preceding pages of t h i s  s e c t i o n  have t r aced  speed 

l i m i t s  from t h e i r  app l i ca t ions  before  t h e  development of  t h e  

automobile t o  t h e i r  present-day s t a t u s .  This  h i s t o r i c a l  t r a c -

i n g  leads  t o  s e v e r a l  important  conclusions.  

F i r s t ,  t h e r e  i s  evidence of d i s t i n c t  s t a g e s  i n  t h e  h i s -  

t o ry  of speed l i m i t s .  The i r  f i r s t  a p p l i c a t i o n s  were t o  horse- 

drawn veh ic l e s .  The i r  e a r l y  a p p l i c a t i o n  t o  t h e  motorized 

veh ic l e  i n  Europe was c a r r i e d  over wi th  t h e  i n t r o d u c t i o n  of 

t h e  automobile i n  t h e  United S t a t e s .  Immediately t h e r e  w a s  a 

drama=ic per iod  of exaggerated concern over  r e s t r i c t i n g  t h e  

automobile. This concern was based no t  only on s a f e t y  and the  

reduc t ion  of acc iden t s  bu t  a l s o  on economic i n t e r e s t s .  L i t t l e  

a t tempt  was made t o  determine t h e  e f f e c t  of speed r e g u l a t i o n s .  

The country then s e t t l e d  down t o  t a k e  a more r a t i o n a l  look a t  

t h e  speed problem, and a per iod of l e g i s l a t i o n  ensued. The 

middle and l a t e  1930's  brought t h e  organized s a f e t y  movement, 

which aga in  w a s  followed by a per iod  of l e g i s l a t i o n ,  t echn i -

cal developments, and research  which has extended up to t h e  

presen t .  

The second p o i n t  of importance is  t h e  f a c t  t h a t  many of 

t h e  p r e s e n t  i d e a s  about speed and speed r e g u l a t i o n  w e r e  es-

poused very e a r l y  i n  t h e  h i s t o r y  of t h e  automobi le ' s  r egu la -  

t i o n .  I t  was recognized t h a t  speed l i m i t s  must be reasonable  



t o  o b t a i n  d r i v e r  compliance and t h a t  speed excess ive  f o r  con-

d i t i o n s ,  r a t h e r  than speed,  p e r  s e ,  was t h e  baqi-c p r o b l e r .  

Other e a r l y  p o i n t s  of d i s cus s ion  were over economic a s p e c t s  

of f a s t  d r i v i n g ,  a i r  p o l l u t i o n ,  and t axa t ion  f o r  road r e p a i r .  

That  such amazing i n s i g h t  was evidenced s o  e a r l y  i n  t h e  h i s -  

t o r y  of t h e  automobile i n  America says  l i t t l e  f o r  t h e  "pro- 

g r e s s n  t h a t  has  been made t o  da t e .  

2.2 	 The Rela t ionsh ip  of Speed and Speed L i m i t s  

Seve ra l  research  s t u d i e s  conducted i n  t h e  1950s con- 

cerned t h e  r e l a t i o n s h i p  of speed and speed l i m i t s .  

P rofessor  C .  C .  Wiley of t h e  Univers i ty  of I l l i n o i s  ob- 

served t r a f f i c  speeds under 20 mph l i m i t s ,  25 mph l i m i t s ,  35 

mph l i m i t s ,  and no limits. H e  found t h a t  t r a f f i c  moved a t  

t h e  same speed r ega rd l e s s  of what t h e  s i g n s  s a i d ,  o r  even 

without  s igns .  On well-paved streets t r a f f i c  moved a t  about 

40 mph, whi le  on a poorer  s u r f a c e  t r a v e l  speed was about 30 

mph . In  both cases t h e  posted speed was 25  (95)  .-
Wiley , z t al., concluded t h a t  t r a f f i c  c o n s i s t e n t l y  ignored 

posted speed l i m i t s ,  and even t h e  absence of speed l i m i t  s i g n s ,  

and ran a t  speeds d r i v e r s  considered reasonable ,  convenient  

and s a f e  f o r  e x i s t i n g  cond i t i ons .  Drivers  opera ted  by condi- 

t i o n s  r a t h e r  than by t h e i r  speedometers. And t h e  g e n e r a l  pub- 

l i c  paid  l i t t l e  a t t e n t i o n  t o  what l i m i t s  ( 96 ) .were posted -
A before-and-after  s tudy t o  a s s e s s  t h e  e f f e c t i v e n e s s  of 

speed zoning i n  Wisconsin covered s i x  high-accident  l oca t ions .  



After  t he  zones went i n t o  e f f e c t ,  frequency and s e v e r i t y  of 

acc iden ts  decreased and the  pace decreased by 5 mph ( 9 7 ) .-

A 1955 book by T .  M .  Matson, W .  S .  S m i t h ,  and F. W .  Hurd 

includes  t h e  following explanat ion:  

"For any given road t h e r e  is an optimum speed 
l i m i t  which w i l l  have t h e  g r e a t e s t  e f f e c t  on s p o t  
speed. This value  is usua l ly  between t h e  80 and 
90 p e r c e n t i l e  of t h e  free-flowing speed a s  p l o t t e d  
on a cumulative-frequency curve.  

"The e f f e c t  of speed r egu la t ions  on t h e  maximum 
speed of s i n g l e  veh ic l e s  is  inf luenced by t h e  de- 
g ree  of enforcement, bu t  t h e  number of v e h i c l e s  
t r a v e l i n g  a t  excess ive  speeds i s  sha rp ly  reduced 
when optimum speed limits a r e  adopted. Furthermore, 
proper  speed r egu la t ion  causes v e h i c l e s  i n  t h e  low- 
es t  10 t o  25 p e r  c e n t  of t h e  range t o  i n c r e a s e  i n  
speed,  a s  road u s e r s  tend t o  a c c e l e r a t e ,  on t h e  
r e a l i z a t i o n  t h a t  they are t r a v e l i n g  f a r  below t h e  
s t a t e d  s a f e  a l lowable  speed. 

"The ove r - a l l  e f f e c t  of proper  speed r e g u l a t i o n  
is  t h a t  a g r e a t e r  number of v e h i c l e s  t r a v e l  c l o s e r  
t o  t h e  average speed ..." (77). 
A 1956 s tudy i n  Nashvi l l e ,  Tennessee, concerned d r i v e r  

compliance wi th  unusual  speed l i m i t  s i g n s ,  f o r  example 3 4  mph 

and 39 mph. I t  w a s  concluded t h a t :  (1) Night t r a f f i c  aver-  

aged 1 mph slower than day t r a f f i c ;  (2 )  Peak hour t r a f f i c  

averaged 2 mph slower than o f f  peak t r a f f i c ,  and peak hour 

t r a f f i c  w a s  more uniform; (3) Posted speed l i m i t s  had l i t t l e ,  

i f  any, e f f e c t  on t r a f f i c  speed,  r e g a r d l e s s  of whether t h e  

posted l i m i t  was set a t  mu l t i p l e s  of 5 mph o r  no t ;  ( 4 )  85th 

o r  90th p e r c e n t i l e  speed provides  a guide t o  reasonable  and 

prudent speeds (98) - . 



A s tudy  conducted i n  S t .  Paul  i n  1956, 1957, and 1958, 

s tud i ed  t h e  e f f e c t s  of r a i s i n g  t h e  30 rnph speed l i m i t s  t o  35 

mph o r  40  mph. The 30 rnph l i m i t s  on t h e s e  streets w e r e  ap-

pa ren t ly  considered t o  be unreasonably low, a s  t h e r e  was a 

high percentage of v i o l a t i o n s .  Conclusions drawn from t h e  

s tudy were: (1) The 85th p e r c e n t i l e  is an adequa te  method 

of determining speed l i m i t s  on urban ar ter ia l  streets as f a r  

a s  i t s  e f f e c t  on t r a v e l  speeds; ( 2 )  When speed l i m i t s  a r e  

j u s t i f i a b l y  r a i s e d  5 t o  10 rnph according t o  t h e  8 5 t h  percen- 

t i l e  method, t h e r e  is a tendency f o r  mean, medlan, modal, and 

85th p e r c e n t i l e  speeds a f t e r  t h e  change t o  remain n e a r  those  

before  t h e  change. Changes tend t o  be sma l l  and u n r e l a t e d  t o  

t h e  change inn t h e  l i m i t ;  (3) Such changes i n  speed  l i m i t  

w i l l  produce more uniformity  i n  some cases ,  less i n  o t h e r s ,  

and no change a t  a l l  i n  s t i l l  o t h e r  i n s t ances  ( 9 9 ) .-
A later S t .  Paul  s tudy  conducted i n  1960, also i n v e s t i -

gated t h e  e f f e c t s  of changing the  speed l i m i t  on urban streets. 

I n  t h i s  s tudy ,  " [r]a i s i n g  t h e  speed l i m i t  had no c o n s i s t e n t  

e f f e c t  on t h e  s tandard  dev ia t ion"  and " [ a l t  eve ry  lowered 

speed l i m i t  test l o c a t i o n  t h e  s tandard  d e v i a t i o n  o f  t h e  normal 

speed curve increased  a f t e r  t h e  l i m i t  w a s  lowered" -(100) .  

The e f f e c t s  of implementing a  35 mph speed r e s t r i c t i o n  

were s tud ied  i n  Pennsylvania. The e r e c t i n g  of 35 mph speed 

s igns  i n  a prev ious ly  designated 50 mph zone has  a marked e f -  

f e c t  on t h e  speed of t r a f f i c ,  al though a s i z a b l e  p ropor t ion  

of t he  d r i v e r s  v i o l a t e d  t h e  new l i m i t  ( 101 )-. 



A comparat ive speed s t u d y  c a r r i e d  o u t  over  a  f i v e - y e a r  

pe r iod  on four - l ane  Pennsylvania  highways showed t h a t  i n  1955 

speeds were 3 t o  5  mph s lower  than  i n  1950, d e s p i t e  t h e  f a c t  

t h a t  t h e  p o s t e d  maximum was r a i s e d  from 50 mph t o  60. Average 

speed was found t o  be i n v e r s e l y  p r o p o r t i o n a l  t o  t r a f f i c  vol-  

ume, and average  speed dec reased  3.5 mph f o r  each 100 v e h i c l e s  

p e r  hour i n c r e a s e  i n  volume (101) .-
A 1957 s t u d y  which measured t h e  e f f e c t  of  slow and s t o p  

s i g n s  on d r i v e r s  found t h a t  slow s i g n s  i n  themselves w e r e  gen-

e r a l l y  n o t  e f f e c t i v e .  They shou ld  .not b e  used w i t h o u t  addi-  

t i o n a l  s i g n s  s t a t i n g  t h e  n a t u r e  of t h e  danger ,  and even then  

should  n o t  be  used u n l e s s  t h e r e  is  a g r e a t  need t o  d e c r e a s e  

speed (102) .  -
An e a r l y  s t u d y  of speed  l i m i t s  observed 60,000 d r i v e r s  

t o  de te rmine  t h e  p e r c e n t a g e  of o p e r a t o r s  who v i o l a t e d  t h e  

l e g a l  speed l i m i t  w h i l e  approaching i n t e r s e c t i o n s .  S i x t y  

and n i n e - t e n t h s  p e r c e n t  approached t h e  i n t e r s e c t i o n  a t  speeds 

exceeding t h e  l i m i t .  Mid-block s t u d i e s  showed 62% o v e r  t h e  

2 5  mph l i m i t  and over 1%of t h e  d r i v e r s  exceeded t h e  l i m i t  by 

at least 20 mph ( 1 0 3 ) .-
A s t u d y  by Elmburg and Michael r e c o r d e d  s p o t  speeds  f o r  

31,573 v e h i c l e s  (20,552 d u r i n g  t h e  day and 11,021 a t  n i g h t )  

b e f o r e  and a f t e r  t h e  p o s t i n g  of  speed l i m i t s .  

"The s t u d y  r e v e a l e d  t h a t  t h e  d r i v e r s  p a i d  l i t t l e ,  
if any,  a t t e n t i o n  t o  p o s t e d  speed l i m i t s .  They 
seemed t o  choose a speed which they  themselves  con-
s i d e r e d  a p p r o p r i a t e  f o r  p r e v a i l i n g  condi t ions . . , . "  (104) .-



"A new Highway Research Board b u l l e t i n  (341) on 
t h e  speeding h a b i t s  of urban d r i v e r s  r e p o r t s  f ind-  
i n g s  which confirm t h e  surmises of many experienced 
t r a f f i c  o f f i c e r s .  Among the  f i nd ings  a r e  these :  

1.. 	Speed r e g u l a t i o n s  have no e i g n i f  i c a n t  i n f luence  
on how f a s t  c i t y  mo to r i s t s  d r i v e  a t  any one 
spo t .  

2. 	 Chronic speeding apparent ly  is n o t  widespread. 

3. 	 C i t y  speed r e g u l a t i o n s  a r e  v i o l a t e d  more f r e -
quen t ly  than r u r a l  limits. .. (105)-. 

Gerald J. Driscoll, Chief of t h e  T r a f f i c  Sa fe ty  Serv ice  

of t h e  New J e r s e y  Divis ion of Motor Vehicles ,  w a s  quoted a s  

saying:  

"Ridiculously  low speed l i m i t  s i g n s  only  g i v e  a 
f a l s e  sense  of s e c u r i t y ,  a f f o r d  no p r o t e c t i o n ,  are 
a waste o f  money, and c r e a t e  a d i s r e s p e c t  f o r  a l l  
o t h e r  c o n t r o l  dev icesn  (106). -
The I l l i n o i s  Divis ion of Highways found t h a t :  

"1. The phys i ca l  changing of t h e  numbers of speed 
l i m i t s  s i g n s  upward w i l l  no t ,  of i t s e l f ,  gen- 
erate h igher  speed p ropor t iona l  t o  high post-  
i n g ~. 

"2. The phys i ca l  changing of t h e  numbers on speed 
l i m i t  s i g n s  does no t  m a t e r i a l l y  a l t e r  a speed 
l i m i t  p a t t e r n  based on normal ope ra t ion  wi th in  . 
a zone. When speed l i m i t s  are r a i s e d ,  i n  many 
i n s t a n c e s ,  t h e  speed p a t t e r n s  are lowered..." (96). 

A s tudy  of two freeways i n  Texas i n d i c a t e d  t h a t  v e h i c l e  

speeds w e r e  in f luenced  by posted l e g a l  limits (107). 

Another aspec t  of freeway c o n t r o l  was s t u d i e d  by t h e  

C a l i f o r n i a  Divis ion of Highways. 

"The o b j e c t i v e  of t h i s  s tudy  w a s  t o  determine 
the  f e a s i b i l i t y  of e s t a b l i s h i n g  minimum speed limits 
on mul t ip l e  l a n e  highways, on a l a n e  t o  l ane  bas i s .  . . 



"From t h e  a n a l y s l s  of i n d i v i d u a l  v e h i c l e  speeds 
s e v e r a l  t h i n g s  were l ea rned :  (1) There  was l i t t l e  
evidence  of i n c r e a s e d  average speeds  due t o  s ign-  
i n g .  I n  f a c t ,  most s tudy  s i t e s  showed a  d e c r e a s e .  
( 2 )  With t h e  average  speed i n  t h e  range  of 67 mph 
f o r  t h e  l e f t  l a n e  of high speed freeways and t h e  
v a r i a t i o n  i n  speeds  i n  t h e  range of f o u r  t o  s i x  
mph, it was found t h a t  a  v e h i c l e  t r a v e l i n g  a t  t h e  
pos ted  minimum speed ( 6 0  mph) would o f t e n  be imped- 
i n g  t r a f f i c . . .  

"The most unexpected r e s u l t  of t h e  minimum speed  
s i g n i n g  was a s h i f t  of t r a f f i c  t o  t h e  l e f t ;  i .e. , 
f o r  a g iven  t r a f f i c  volume, more c a r s  drove  i n  t h e  
l e f t  l a n e .  I t  was o r i g i n a l l y  a n t i c i p a t e d  t h a t  t h e  
s i g n s  would cause  s low d r i v e r s  t o  move t o  t h e  r i g h t .  
T h i s  s h i f t  t o  t h e  l e f t  l a n e s  r e s u l t e d  i n  t h e  above 
mentioned r e d u c t i o n  i n  mean speeds .  I t  a l s o  re-
s u l t e d  i n  i n c r e a s e d  v i o l a t i o n  of  t h e  minimum speeds ;  
i n c r e a s e d  p a s s i n g  on t h e  r i g h t ;  and i n c r e a s e d  i n -  
s t e a d  of reduced t r a v e l  t i m e . .  ." (108) .-
A 1963 r e p o r t  i n  connec t ion  w i t h  t h e  Veh icu la r  Speed Reg- 

u l a t i o n  Research P r o j e c t  p r e s e n t s  t h e  f i n d i n g s  of  a s t u d y  t o  

a s c e r t a i n  d r i v e r  observance of r easonab le  speed r e g u l a t i o n s  

on a r e l a t i v e l y  homogeneous highway. I t  was concluded t h a t :  

(1) t h e  p resence  of speed r e g u l a t i o n s  i n  urban a r e a s  had no 

s i g n i f i c a n t  i n f l u e n c e  on t h e  c e n t r a l  tendency and v a r i a b i l i t y  

of s p o t  speed c h a r a c t e r i s t i c s ;  ( 2 )  i n d i v i d u a l  d r i v e r s  have 

v a r i a b l e  speed  h a b i t s ;  ( 3 )  a t  any one check p o i n t  15% o f  t h e  

d r i v e r s  exceeded t h e  speed l i m i t ,  b u t  50% o f  t h e  d r i v e r s  v io-  

l a t e d  t h e  l i m i t  a t  a t  least  one check p o i n t ,  making apprehen- 

s i o n  of t h e  f a s t e s t  15% u n r e a l i s t i c ;  ( 4 )  c h r o n i c  speed ing  

was n o t  e v i d e n t ,  f o r  on ly  20% of  t h e  d r i v e r s  exceeded more 

than  2 o u t  of 9  speed l i m i t s ;  and ,  ( 5 )  more d r i v e r s  v i o l a t e d  

urban l i m i t s  t han  r u r a l  l i m i t s  (109) .-



Another p a r t  of t h e  Vehicular  Speed Regulation Research 

P r o j e c t  employed exper imental  and s tandard advisory speed 

s i g n s  t o  s tudy the  e f f e c t s  of advisory speed l i m i t s  on d r i v e r s  

(110,111). 


"The var iance  a n a l y s i s  showed t h a t  t h e  d r i v e r s  
d i d  no t  d i f f e r e n t i a t e  between t h e  t w o  types  of ad-
v i so ry  speed s i g n s  t e s t e d ,  and t h a t  t h e  speed a t  
which t h e  d r i v e r s  negot ia ted  t h e  c e n t e r s  of t h e  
curves  does n o t  c o r r e l a t e  wi th  t he  posted advisory 
speed. A s p e c i a l  s tudy ...i nd i ca t ed  t h a t  posted ad- 
v i s o r y  speed does in f luence  the  r a t e  of d e c e l e r a t i o n  
of d r i v e r s  e n t e r i n g  t h e  curve.  

"There is a tendency f o r  t h e  h ighes t  mean speeds 
t o  occur when high advisory speed l i m i t s  w e r e  posted 
and f o r  t he  lowest mean speeds t o  occur f o r  t h e  
lower advisory speed ind ica t ions . . .  

"The 85th p e r c e n t i l e  speeds tended t o  be h igher  
f o r  advisory speed s i g n s  of h igher  magnitudes. 
There was a c o r r e l a t i o n  between s a f e  ope ra t ing  
speeds and t h e  85th p e r c e n t i l e  speeds" (110) .  -
A t h i r d  po r t i on  of t h e  I l l i n o i s  s tudy concerned t h e  

p r a c t i c a b i l i t y  of us ing  posted speed l i m i t s  t o  o b t a i n  concor-

mity between average speed of t he  t r a f f i c  stream and t h e  ad- 

jus ted  optimal speed. This is based on t h e  theory t h a t  t h e r e  

i s  a  speed a t  which t h e  c o s t  of highway t r a n s p o r t a t i o n  is mini-

mized and t h i s  speed can be ad jus ted  t o  condi t ions  less than 

i d e a l .  

"I t  w a s  found t h a t  i n  the  major i ty  of ca ses  t h e  
mean speed observed a t  each s i te  w a s  wi th in  5 m.p.h. 
of t h e  recommended modified speed. There w e r e  many 
l oca t ions ,  however, a t  which t h e  mean speed of t h e  
t r a f f i c  s t ream would have t o  be reduced by more 
than 5 m.p.h. i f  t h e  d e s i r e d  o b j e c t i v e  of minimiz- 
i n g  c o s t s  was t o  be achieved. The r e s u l t s  of pre-
vious s t u d i e s  i n d i c a t e  t h a t  changes of t h i s  magni- 
tude have been accomplished by means of a  r educ t ion  



i n  t h e  speed l i m i t  but  these  r e s u l t s  have genera l ly  
been obtained i n  a r e a s  where s p e c i a l  speed r e s t r i c -  
t i o n s  have not  previously  been i n  e f f e c t "  ( 1 1 2 ) .-
The I l l i n o i s  s tudy a l s o  found t h a t  abso lu te  speed limits 

received the  h ighes t  observance, while advisory l i m i t s  were 

exceeded more f r equen t ly  than e i t h e r  abso lu t e  o r  regula tory  

speed 	l i m i t s  ( 9 0 ) .-
I n  1967, R. R.  Roberts a r r ived  a t  t h e  fol lowing conclu- 

s i o n s  concerning speeds on urban a r t e r i a l  s t r e e t s :  

" ( 1 )  	 The mean speed of t h e  v e h i c l e s  was no t  chariged 
s i g n i f i c a n t l y  by inc reas ing  t h e  posted speed 
l i m i t  from 35 MPH t o  40 MPH. 

" ( 2 )  	A reasonable  posted speed l i m i t  based on t h e  
85th p e r c e n t i l e  speed appears t o  s t a b i l i z e  
t r a f f i c  t o  al low the  speed d i s t r i b u t i o n  t o  
more c l o s e l y  approximate a normal d i s t r i b u t i o n .  

" (3 )  	 I t  would seem t o  appear t h a t  mo to r i s t  [sic] 
observe and r e spec t  a reasonable  speed l i m i t  
more s o  than [sic] unreasonable one as i nd i -
ca ted  by t h e  85th p e r c e n t i l e  speeds.  

" ( 4 )  	 The s t a b i l i t y  of t r a f f i c  flow on an urban a r -
t e r i a l  seems t o  be improved a s  i n d i c a t e d  by 
t h e  reduc t ion  i n  t he  s tandard  dev ia t ion  and 
t h e  s tandard  e r r o r  of t h e  mean. 

" ( 5 )  	 The posted speed l i m i t s  on an urban a r t e r i a l  
street has  [sic] l i t t l e  o r  no e f f e c t  on t h e  
i n c l u s i v e  speeds w i th in  t h e  1 0  MPH pace o r  
t h e  percentage of t he  t o t a l  v e h i c l e s  w i th in  
t h i s  range. 

" ( 6 )  	 The t a s k  of t he  p o l i c e  i n  enforcement of 
speed l i m i t s  can be g r e a t l y  s i m p l i f i e d  by 
e s t a b l i s h i n g  reasonable  speed l i m i t s  based on 
t h e  85th p e r c e n t i l e  speed t o g e t h e r  w i t h  t h e  
o t h e r  necessary cons ide ra t ions"  (113). 



The Road Research Laboratory i n  England summarizes speed 

r e s t r i c t i o n  experience wi th  t he  following: 

"Measurements of speeds before  and a f t e r  t h e  
imposi t ion of speed l i m i t s  i n  France,  Great  B r i t a i n ,  
Northern I r e l a n d ,  t h e  Netherlands and t h e  U. S. A. 
have shown t h a t  a l a r g e  propor t ion  of v e h i c l e s  a r e  
d r i v e n  a t  speeds i n  excess of t h e  l i m i t  bu t  t h a t  
t h e  number of veh ic l e s  d r iven  a t  high speed is 
u s u a l l y  considerably  reduced a f t e r  a speed l i m i t  
i s  imposed" (114). 
The v a r i e t y  of s t u d i e s  reviewed i n  t h i s  s e c t i o n  p re sen t  

t he  fol lowing conclusions concerning t h e  r e l a t i o n s h i p  of speed 

and speed l i m i t s .  

A number of s t u d i e s  conclude t h a t  t r a f f i c  moves a t  s i m i -

l a r  speeds r ega rd l e s s  of speed l i m i t  s i gns ;  t hus ,  d r i v e r s  ig -  

nore speed l i m i t s .  A similar f i nd ing  s t a t e s  t h a t  posted speed 

limits have t i t t l e ,  i f  any, e f f e c t  on t r a f f i c  speeds.  Speed 

r egu la t ions  a r e  s a i d  t o  have no s i g n i f i c a n t  i n f luence  on how 

f a s t  c i t y  mo to r i s t s  d r i v e  a t  any one s p o t .  Severa l  s t u d i e s  

which a l t e r e d  speed l i m i t s  found no c o n s i s t e n t  changes i n  

d r i v i n g  speeds ,  and t h e  r a i s i n g  of t h e  l i m i t  d i d  no t  genera te  

higher  speeds p ropor t iona l  t d  t h e  pos t ing .  

S tud ie s  whose conclusions  a r e  con t r a ry  t o  t h e  above found 

t h a t  although speeds observed a t  t h e  c e n t e r s  of curves  were 

not  c o r r e l a t e d  w i t h  posted advisory speeds ,  the  posted l i m i t  

d i d  i n f luence  the  r a t e  of d e c e l e r a t i o n  on e n t e r i n g  t h e  curve.  

Speed zoning i n  a Wisconsin s tudy produced a S mph decrease  

i n  the  pace,  and t h e  lowering of a SO mph zone t o  35 mph had 



a marked e f f e c t  on t r a f f i c  speeds .  Such f i n d i n g s  would suppor.  

t h e  conc lus ion  t h a t  t h e  number of  v e h i c l e s  d r i v e n  a t  a high 

speed is u s u a l l y  cons ide rab ly  reduced a f t e r  a speed l i m i t  i s  

imposed. Another conc lus ion  s t a t e s  t h a t  p r o p e r  speed regu la -  

t i o n  causes  a g r e a t e r  number of v e h i c l e s  t o  t r a v e l  closer t o  

t h e  average  speed.  

Absolute  speed l i m i t s  a r e  s a i d  t o  r e c e i v e  t h e  h i g h e s t  

observance ,  w h i l e  adv i so ry  l i m i t s  a r e  exceeded more o f t e n  than 

e i t h e r  a b s o l u t e  o r  r e g u l a t o r y .  

Thus, t h e  s t u d i e s  c i t e d  i n  t h i s  s e c t i o n  i l l u s t r a t e  two 

o p p o s i t e  views r e g a r d i n g  t h e  e f f e c t s  of speed l i m i t s ;  and 

t h e s e  views a r e  connected by a number of i n t e r m e d i a t e  conclu- 

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

2.3 	 Dr ive r  Speed Behavior  and V a r i a b l e s ,  Other  Than Speed 
L i m i t s ,  Which I n f l u e n c e  I t  

A v a r i e t y  of a s p e c t s  of  d r i v e r  speed behav io r  have been 

cons ide red  i n  numerous r e s e a r c h  s t u d i e s .  Some of t h e s e  w i l l  

be d i s c u s s e d  below. 

An e a r l y  s t u d y  conducted i n  1948 by t h e  Eno Foundation 

compared a c c i d e n t - r e p e a t e r  groups and a c c i d e n t - f r e e  groups 

i n  Michigan and Connec t i cu t .  Among t h e  t o p i c s  covered  by t h e  

i n t e r v i e w  w e r e  a t t i t u d e  and speed  h a b i t s .  Connec t i cu t  re-. 

p e a t e r s  showed a s i g n i f i c a n t  p r e f e r e n c e  f o r  h i g h e r  speeds .  

T h i s  w a s  n o t  confirmed i n  Michigan e x c e p t  f o r  n i g h t  d r i v -  

i n g  (115) .  -



A 1954 r e p o r t  concerned t h e  s tudy of a commuter r o u t e  

t o  determine whether o r  no t  some ind iv idua i s  c o n s i s t e n t l y  eex-

ceeded the  average speed. About a t h i r d  of a l l  d r i v e r s  e x -

ceeded t h e  85th p e r c e n t i l e  of t h e  s p o t  speed d i s t r i b u t i o n .  

I t  w a s  found t h a t  i f  a set of d r i v e r s  were observed as many 

as seven t i m e s ,  more than h a l f  of them could be expected t o  

exceed t h e  85th p e r c e n t i l e  speed a t  least once. Speed was 

a l s o  found t o  be s i g n i f i c a n t l y  h igher  f o r  younger d r i v e r s  (116) .-
A s tudy  by Michaels and Solomon proposed t o  determine 

whether advance informat ion of speed change through a v i s u a l  

s i g n a l  would markedly a f f e c t  fol lowing behavior.  Resu l t s  i nd i -  

ca ted  a s i g n i f i c a n t  reduc t ion  i n  mean headway when advance 

speed change information w a s  p resen ted ,  and t h a t  headway was 

a t  a minimum when t h e  advance informat ion was presen ted  1 t o  

3 seconds before  t h e  onse t  of change. This  s i g n i f i c a n t l y  re-

duced the  v a r i a b i l i t y  i n  headway (117).  -
The au thors  of a s tudy concerning forward v e l o c i t y  and 

l a t e r a l  ' acce le ra t ion  propose t h a t  the percep t ion  of l a t e r a l  

fo rce  r e s u l t i n g  from a change i n  t h e  d i r e c t i o n  of motions is 

an important  d r i v i n g  s k i l l .  Dr ivers  choose t h e  speed a t  which 

they w i l l  n e g o t i a t e  a curve before  they e n t e r  t h e  curve.  Thus, 

t h e  authors  have hypothesized t h a t :  1 When t h e  d r i - re r  

chooses a speed he is p r e d i c t i n g  the  l a t e r a l  f o r c e  which he  

w i l l  f e e l  i n  t h e  curve and 2 .  t he  l a t e r a l  fo rce  produced 

w i l l  be an t h e  speed" (118) .  inverse  func t ion  of -



A s tudy t o  i n v e s t i g a t e  d r i v e r s '  speed percept ion involved 

t h e  a b i l i t y  of e i g h t  s u b j e c t s  t o  ha lve  o r  double t h e i r  speed 

on command. Over the  range of speed t e s t e d ,  it seemed t h a t  

d r i v e r s  underest imate t h e i r  speed when 'dece le ra t ing  and over- 

e s t ima te  it when acce l e ra t i ng  (119) .  -
The summary of research  which r e l a t e d  i n t e l l i g e n c e  and 

socioeconomic s t a t u s  t o  d r i v i n g  records  states: 

" O f f i c i a l  d r i v i n g  records  of educable mentally re-
ta rded  ind iv idua l s  were compared wi th  records  of 
i nd iv idua l s  wi th  normal o r  above i n t e l l i g e n c e  t o  
s tudy t h e  r e l a t i o n s h i p  of i n t e l l i g e n c e  and economic 
s t a t u s  t o  d r i v i n g  a b i l i t y  and d r i v i n g  h a b i t s .  
General ly ,  i n t e l l i g e n c e  and socioeconomic s t a t u s  
d id  appear t o  be i n f luenc ing  f a c t o r s  i n  t h e  t o t a l  
number of v i o l a t i o n  p o i n t s  accumulated over a 
f i v e  yea r  per iod.  However, inspec t ion  and analy- 
sis of d r i v i n g  records  i nd i ca t ed  t h a t  s u b j e c t s  from 
high socioeconomic groups received more speeding 
v i o l a t i o n s  than t h e  low groups, and t h a t  l o w  i n t e l -
l i gence  s u b j e c t s  had more p o i n t s  f o r  v i o l a t i o n s ,  
o t h e r  than speeding,  than t h e  average and above 
i n t e l l i g e n c e  groups. The low i n t e l l i g e n c e  group 
d i f f e r e d  s i g n i f i c a n t l y  from an average group on t h e  
f a c t o r s  of combined acc iden t s  and v i o l a t i o n s .  How-
e v e r ,  t h e  low i n t e l l i g e n c e  group d i d  no t  d i f f e r  
s i g n i f i c a n t l y  from t h e  high i n t e l l i g e n c e  groups on 
t h e s e  same f a c t o r s "  -(120) .  

Another ar t icle  presen ted  t h e  fol lowing s t a t i s t i c s :  

"Average speed of c a r s ,  t r u c k s ,  and buses ro se  
t o  a record high of 53.8 m.p.h. dur ing  1962 i n  an 
annual  s tudy  of speed on l e v e l  s e c t i o n s  of main 
r u r a l  highways du r ing  pe r iods  of r e l a t i v e l y  low 
t r a f f i c  d e n s i t i e s  when most d r i v e r s  could t r a v e l  
t h e i r  d e s i r e d  speed. Twenty-seven s t a t e s  repor ted  
t h e  r e s u l t s  of '1,006 speed s t u d i e s .  

"The 58.8 m.p.h. average speed w a s  1.2 m.p.h. 
above t h e  1961 speed. Average speed f o r  passenger 
c a r s  was 55.1 m.p.h.; t r ucks  49.5 m.p.h. and buses,  
56.8 m.p.h." (121) .-



A Los Angeles s tudy t o  a s se s s  t h e  e f f e c t i v e n e s s  of w r i t t e n  

warnings a s  compared t o  c i t a t i o n s  involved the  s topping  of 

mo to r i s t s  who exceeded 40 mph i n  a 25  mph zone. By fol lowing 

t h e s e  d r i v e r s  a f t e r  c i t a t i o n s  o r  warnings w e r e  i s sued ,  t h e  

s tudy  found t h a t :  

(1) 	Where a c i t a t i o n  w a s  i s sued ,  accompanied by no 
conversat ion between d r i v e r  and o f f i c e r ,  32 of 
100 cases  recorded exceeded t h e  l i m i t  aga in  
w i th in  5 miles. 

( 2 )  	 Where a s a f e t y  message accompanied t h e  cita-
t i o n ,  33 of 100 cases  exceeded t h e  posted 
speed wi th in  t h e  nex t  5 m i l e s .  

(3)  	 Where a w r i t t e n  warning and s a f e t y  message 
were i ssued  i n  p l ace  of  a c i t a t i o n ,  43 of 100 
moto r i s t s  had exceeded t h e  l i m i t  w i th in  2 miles 
and 22 more wi th in  5 miles, f o r  a t o t a l  of 65 (122) .-

A r e p o r t  analyzing Indiana s p o t  speed observa t ions  from 

June and J u l y  of 1968, showed t h e  o v e r a l l  average speed f o r  

passenger c a r s  t o  be  64.5 mph and t h e  average f o r  t r u c k s  t o  

be 56.5 mph. A r eg re s s ion  a n a l y s i s  of d a t a  f o r  e leven years  

showed an annual i nc rease  of .85 mph f o r  c a r s  and .87 mph f o r  

heavy t rucks .  No l a r g e  inc rease  i n  t ruck  speeds followed a 

15 mph speed l i m i t  i nc rease  f o r  t rucks  on Indiana highways. 

Trucks seem t o  t r a v e l  a t  speeds which t h e i r  d r i v e r s  cons ider  

s a f e  r ega rd l e s s  of maximum speed l i m i t s ,  and t h e  growing per-  

centage of automobiles v i o l a t i n g  t h e  speed l i m i t  i n d i c a t e s  

t h e  same (123). 
A November 1969 follow-up t o  t h i s  r e p o r t  analyzed speeds 

observed dur ing the  months of J u l y  and August 1968. 



"Analys is  of t h e  speeds showed t h e  o v e r - a l l  aver-
age speed f o r  passenger  c a r s  was 6 7 . 9  m i l e s  pe r  
hour.  The o v e r - a l l  average  speeds  f o r  t r u c k s  on 
t h e  t h r e e  types  of highways was 59.5  m i l e s  p e r  hour.  

"A r e g r e s s i o n  a n a l y s i s  on t h e  a v a i l a b l e  r e s u l t s  
of t h e  p a s t  e l e v e n  y e a r s  showed an annua l  i n c r e a s e  
of  1.03 m i l e s  p e r  hour f o r  t h e  o v e r - a l l  average  
speed of passenger  c a r s  and 0.97 m i l e s  p e r  hour f o r  
t h e  o v e r - a l l  average speed of heavy t r u c k s "  (124) .-
The v a r i a b l e s  which have an e f f e c t  on d r i v i n g  speed a r e  

numerous, and a r a t h e r  e x t e n s i v e  amount of r e s e a r c h  has  been 

done i n  t h i s  a r e a . '  S e v e r a l  e a r l y  s t u d i e s  w e r e  conducted i n  

t h e  1930s. 

A 1934 s t u d y  determined average  and maximum t r a v e l  speeds  

on v a r i o u s  s u r f a c e  t y p e s  and found t h e  f a s t e s t  speed on con-

crete, w i t h  d e c r e a s i n g  speeds  on o i l  mat and g r a v e l  (125) -. 
A s t u d y  of f a c t o r s  which i n f l u e n c e  d r i v i n g  speed found 

t h e  f o l l o w i n g  i n  1939: 

(1) 	 speed i n c r e a s e d  w i t h  t r i p  d i s t a n c e  

(2) 	new c a r s  t r a v e l e d  f a s t e r  than  o l d  

( 3 )  	 d r i v e r  s e x  and number of passengers  had l i t t l e  
e f f e c t  e x c e p t  i n  a s t u d y  of r a c i a l  d i f f e r e n c e  
i n  South  C a r o l i n a  where c o l o r e d  d r i v e r s  showed 
a s h a r p  i n c r e a s e  w i t h  p a s s e n g e r s  (126) .-

The New York S t a t e  Department of P u b l i c  Works i n  1953 

made a s t u d y  of  speed  c h a r a c t e r i s t i c s  a t  v e r t i c a l  cu rves  w i t h  

r e s t r i c t i v e  s t o p p i n g - s i g h t  d i s t a n c e  i n  o r d e r  t o  de te rmine  t h e  

r e l a t i o n  between s i g h t  d i s t a n c e  and d r i v e r  speed.  D r i v e r s  

were found t o  reduce  t h e i r  speeds  f a r  less t h a n  r e q u i r e d  for 

s a f e  o p e r a t i n g  c o n d i t i o n s .  No c o n s i s t e n t  r e l a t i o n  was found 



between ope ra t ing  speeds a t  t h e  c r e s t  and minimum s i g h t  d i s -  

tance.  Nei ther  d i d  a r e l a t i o n s h i p  e x i s t  between d r i v e r  opera t -  

i n g  speeds and s a f e  speed s tandards  (127).-
A 1954 s tudy  recorded d r i v e r  performance and passenger 

car speeds on h o r i z o n t a l  curves wi th  minimum s i g h t  d i s t a n c e s  

from 200 t o  655 f e e t .  Four conclusions  were drawn: (1) 

Drivers  d o n ' t  s i g n i f i c a n t l y  a l t e r  t h e i r  speeds a f t e r  e n t e r i n g  

a curve; t h e  adjustment is made on t h e  approach; ( 2 )  Outside 

and i n s i d e  lane  speeds a r e  about equa l  d e s p i t e  a 20% g r e a t e r  

s i g h t  d i s t a n c e  i n  t h e  ou t s ide  lane;  ( 3 )  Drivers  d r i v e  under 

t h e  high speed permit ted by easy curves ,  b u t  exceed t h e  des ign  

l i m i t  on sha rp  curves;  ( 4 )  When minimum s i g h t  d i s t a n c e  is 

400 f e e t  o r  longer ,  few d r i v e r s  exceed what can be considered 

a s a f e  speed (128).  -
A s tudy  of two freeways i n  Texas i n d i c a t e d  t h a t  v e h i c l e  

speeds were inf luenced by posted l e g a l  l i m i t s  and by volume ' 

l e v e l s  . 
"...The minimum speed l i m i t  was 40  rnph and t h e  

maximum speed l i m i t  w a s  50 mph. The average speed 
of t h e  veh ic l e s  us ing t h e  i n s i d e  lane  was 45 rnph 
dur ing per iods  when t h e  volume l e v e l  w a s  less than 
1,500 veh ic l e s  p e r  hour. The average speeds based 
on 5-min. per iods  f o r  t h e  i n s i d e  l ane  were wi th in  
a band width of 5 mph. This he ld  t r u e  up t o  a 5-
min. volume of 125, which i s  equ iva l en t  t o  a l e v e l  
of 1,500 veh ic l e s  pe r  hour. When t h i s  volume l e v e l  
was exceeded, the average speeds became errat ic  and 
var ied  from 30 rnph t o  45 mph' (107). 

"Five minute average speeds of 40 t o  50 rnph are 
maintained i n  t h e  middle and i n s i d e  lanes  when t h e  
5-min. l ane  volumes are below 150 o r  an equ iva l en t  
hourly volume l e v e l  of 1,800 vph" (107)-. 



"On t h e  two freeways s t u d i e d ,  t h e  v e h i c l e s  i n  
each l a n e  tended t o  a d j u s t  t o  t h e  speed of t h e  
s lower  p a r a l l e l  l a n e .  Th i s  sympathy of speed be- 
tween l a n e s  appears  t o  e x i s t  r e g a r d l e s s  of volume" ( 1 0 7 ) .-
A s t u d y  i n  a Michigan county found t h a t  a t  t h e  f i v e  s tudy  

sites : 

"1. 	 The average  speeds  among t h e  s e v e r a l  s t a t i o n -  
o p e r a t i o n s  d i f f e r e d  s i g n i f i c a n t l y .  Number o f  
l a n e s  and pos ted  speeds  d i d  a f f e c t  ave rage  
d r i v e r  speed.  

"2. 	 The average  speeds  among t h e  s e v e r a l  hour ly  
t r a f f i c  volume groups d i f f e r e d  s i g n i f i c a n t l y .  
S i z e  of hour ly  t r a f f i c  volume d i d  a f f e c t  
average  speeds .  

"3. 	 The e f f e c t  of number of l a n e s  and pos ted  speeds  
i s  probably  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  
of h o u r l y  t r a f f i c  volume. 

"4.  	 There w a s  s i g n i f i c a n t  i n t e r a c t i o n  i n  t h e  speeds  
between s t a t i o n - o p e r a t i o n  and hour ly  t r a f f i c  
volume group.  D r i v e r  r e sponse  t o  changes i n  
h o u r l y  t r a f f i c  volume was n o t  t h e  same a t  a l l  
s t a t i o n - o p e r a t i o n s .  O r ,  what is  t h e  same t h i n g ,  
d r i v e r  response  t o  changes i n  number of l a n e s  
and pos ted  speed (changes i n  s t a t i o n - o p e r a t i o n )  
was n o t  t h e  same i n  d i f f e r e n t  hour ly  t r a f f i c  
volume groups .  

"5. 	 There i s  a d e f i n i t e  t r e n d  toward reduc ing  speed  
as h o u r l y  t r a f f i c  volumes i n c r e a s e  up t o  abou t  
500 v e h i c l e s  p e r  hour .  Beyond t h i s  t h e r e  is no  
d e c r e a s e  shown" (129). 

The s tudy  found t h a t  " t h e  f a s t e r  d r i v e r  changed h i s  speed 

less 	f r e q u e n t l y  and by a lesser amount due t o  speed zones ,  

number of  l a n e s  of roadway and hour ly  t r a f f i c  volumes t h a n  d id  

t h e  slower d r i v e r "  (129) .-



Resul t s  of another  volume s tudy  by T. W .  Forbes s tate:  

"Analysis of speeds by volume groups w a s  c a r r i e d  
ou t  us ing  each five-minute sample t o  e s t i m a t e  vo l -  
umes and inc lud ing  a l l  c a r s  measured. A trend was 
found toward a reduc t ion  of speed a s  l ane  volume 
increased  from approximately 600 t o  1800 o r  1900 ve- 
h i c l e s  p e r  l ane  p e r  hour. This t r end ,  however, was 
r e l a t i v e l y  s l i g h t .  

"Contrary t o  f i nd ings  on t w o  and fou r  l a n e  high- 
ways repor ted  by o t h e r s ,  no maximum volume p o i n t  
w a s  reached,  and t h e  f a s t e r  l anes  (toward t h e  c e n t e r  
of t h e  highway) showed less tendency t o  approach a 
maximum volume than d i d  t h e  s lowest  o u t e r  l ane .  The 
t h r e e  l anes ,  furthermore,  showed d i f f e r e n t  average 
speeds f o r  t h e  same volume, and t h e  center-most l ane  
a c t u a l l y  c a r r i e d  t h e  h ighes t  volume a t  t h e  h i g h e s t  
average speed. This is con t r a ry  t o  t h e  o f t e n  re-
por ted  r e l a t i o n s h i p  of h igher  speed wi th  lower 
volume" (130) .-
In  1939, 0. K .  Normann concluded t h a t :  

"With l i g h t  t r a f f i c  on a r u r a l  highway, t h e  speed 
of each ind iv idua l  v e h i c l e  is n o t  governed by t h e  
speed of t h e  veh ic l e  immediately ahead, and t h e r e  
is  a r e l a t i v e l y  high mean d i f f e r e n c e  i n  speed be- 
tween success ive  veh ic l e s .  As t h e  volume i n c r e a s e s ,  
t h e r e  is  an inc reas ing  tendency f o r  t h e  speed of  
t h e  i nd iv idua l  v e h i c l e s  t o  be governed by t h e  speed 
of t h e  preceeding veh ic l e s .  This causes a marked 
decrease  i n  t h e  mean d i f f e r e n c e  i n  speed between 
success ive  v e h i c l e s ,  al though t h e  decrease  i n  aver-
age speed may be s l i g h t "  (131)-. 
I n  a s tudy  of t h e  e f f e c t s  of o b j e c t s  on t h e  road shoulder ,  

A s r i e l  Taragin found t h a t  t h e  presence of a passenger  car, 

maintenance t r u c k ,  o r  b a r r i c a d e ,  3 t o  6 f e e t  from t h e  edge of 

the  pavement, had l i t t l e  e f f e c t  on veh ic l e  speed f o r  t w o - and 

four-lane highways. Speeds d i d ,  however, average 3 mph 

lower on two-lane highways wi th  a lane  width of less than 

20 f e e t  (132).-



A one-month s tudy  of "Hourly and E a i l y  V a r i a t i o n  i n  Vehic 

Speeds on a r u r a l  Highway" i n  1 9 5 1  a r r i v e d  a t  t h e s e  conc lus ion  

"There i s  d e f i n i t e l y  a  t ime-speed v a r i a t i o n  dur-  
i n g  t h e  2 4  hours  of t h e  day. 

"The g r e a t e s t  s i n g l e  f a c t o r  i n  c a u s i n g  a v a r i a -
t i o n  under normal and f a v o r a b l e  o p e r a t i n g  circum- 
s t a n c e s  is  a p p a r e n t l y  t h e  l i g h t  c o n d i t i o n .  

"Day l igh t  mean speeds  are a p p r o p r i a t e l y  5 m i l e s  
p e r  hour h i g h e r  than  mean speeds  d u r i n g  t h e  hours  
of da rkness .  

" A f t e r  t h e  d a y l i g h t  l e v e l  is  reached t h e r e  i s  
very  l i t t l e  f l u c t u a t i o n  d u r i n g  t h e  remainder  of t h e  day- 
l i g h t  hours . .  . 

" I n  r e g a r d  t o  d a i l y  v a r i a t i o n ,  t h e r e  appears  t o  
be no s i g n i f i c a n t  d i f f e r e n c e  between v a r i o u s  days 
of  t h e  week, w i t h  t h e  e x c e p t i o n  of t h e  morning 
hours  on Tuesdays..  . 

"Speeds on Sunday do n o t  fo l low t h e  p a t t e r n  set  
by weekdays. A f t e r  t h e  peak mean is reached be-
tween 8 and 9 A.M. t h e  means begin  t o  d e c l i n e  
throughout  t h e  remainder  of t h e  day" (133) .-
I n  a 	1954 a s t u d y  of  horsepower a n d , s p e e d s  was under taken 

Robert E . Schmidt r e p o r t e d  : 

" [Hlorsepower is  n o t  t h e  on ly  f a c t o r  invo lved  i n  
t h e  d e t e r m i n a t i o n  of v e h i c u l a r  speeds .  I t  i s  t r u e  
t h a t  where speed  c h a r a c t e r i s t i c s  or c a p a b i l i t i e s  
on level highway s e c t i o n s  are t o  b e  c o n s i d e r e d ,  
horsepower is a l l - i m p o r t a n t . "  

"1. 	 The h i g h e s t  powered v e h i c l e s ,  w h i l e  d r i v e n  
more f r e q u e n t l y  i n  t h e  h igh  speed r a n g e s ,  are 
n o t  d r i v e n  a t  any g r e a t e r  maximum speeds  t h a n  
t h e  lower-powered c a r s ,  e x c e p t  pe rhaps  for 
t h o s e  under 100 horsepower. 

"2. 	 A s  t h e  pe rcen tage  of  higher-powered v e h i c l e s  
on t h e  highway i n c r e a s e s ,  t h e  average  speed 
of t r a f f i c  may b e  s l i g h t l y  i n c r e a s e d .  

"3. 	 The high-powered v e h i c l e s  are better able t o  
main ta in  d e s i r e d  s p e e d s  on s t e e p  g r a d e s  and,  



because of t h e i r  lower weight t o  horsepower 
r a t i o ,  have g r e a t e r  a c c e l e r a t i o n  a b i l i t y .  

"4 .  	 The veh ic l e s  wi th  from 100 t o  130 horsepower 
appear t o  be dr iven  as f a s t  a s  any v e h i c l e s  
of any horsepower. 

"5. 	 Inasmuch a s  veh ic l e s  of 100 t o  130 horsepower 
are genera l ly  capable of maximum speeds i n  t h e  
range of 85 t o  100 m i l e s  p e r  hour it would 
appear t h a t  t h e  c r i t i c a l  f a c t o r  i n  determining 
highway speeds - is  s t i l l  t h e  d r i v e r  and no t  t h e  
veh ic l en  (134). 

Burton M. Rudy s tud ied  s i g n a l  spacing and suggested 4000-

4600 	f e e t  as maximum s i g n a l  spacing f o r  achievement of adequate 

headings and speed c h a r a c t e r i s t i c s  (135)-. 
A 1940 research  s tudy  i d e n t i f i e d  a number of r e l a t i o n s h i p s  

between speeds and s e v e r a l  d i f f e r e n t  v a r i a b l e s .  Many of t h e s e  

f i nd ings  have been supported by more r e c e n t  r e sea rch .  

"[Tlhe speeds of 608 d r i v e r s  on t h e  open highway 
were obtained without  t h e i r  knowledge toge the r  w i th  
t h e  veh ic l e  l i c e n s e  number, t h e  number of occupants ,  
the s e x  of t he  d r i v e r s ,  t h e  t i m e  of day and t h e  day 
of t h e  week. Through t h e  cooperat ion of state 
a u t h o r i t i e s  t h e  l i c e n s e  number was used t o  determine 
t h e  p l ace  of res idence  of t h e  owner, h i s  s ex ,  age,  
and t h e  weight and age of h i s  car.. . 

" In  genera l ,  t he  f i nd ings  would seem t o  suppor t  
t h e  following. conclusions  : 

"1. 	 P r e v a i l i n g  speeds va r i ed  on t h e  two highways 
s tud ied .  

'2. 	 Speeds on Wednesday w e r e  s lower than those  
on any o t h e r  week day a t  t h e  one loca t ion  
where d a t a  were ava i l ab l e .  

"3. 	 There were no d i f f e r e n c e s  i n  speeds by hours  
of t h e  day between 10:OO A.M. and 5:00 P.M. 

" 4 .  	 Drivers  between t h e  ages of 40 and 49 drove 
f a s t e r  than any o t h e r  group and f a s t e r  than  
a l l  o t h e r  groups combined. 



" 5 .  	 Drivers i n  t he  younger age b racke t s  drove 
no f a s t e r  than d id  d r i v e r s  i n  t h e  o lde r  
group. 

"6. 	 Those d r i v e r s  having r u r a l  r o u t e  addresses  
and those  r e s i d i n g  w i t h i n  2 5  mi les  of t h e  
p l ace  of observat ion drove more slowly re-
s p e c t i v e l y  than d i d  those  wi th  s t r e e t  ad- 
d re s se s  and those  who r e s i d e  more than 25 
miles away. 

"7. 	 When t h e s e  rural -urban and nea r - f a r  groups 
were examined f o r  poss ib l e  over lappings ,  
t he  same r e l a t i o n s h i p s  w e r e  found t o  ob ta in  
except when d r i v e r s  r e s i d i n g  more than 25 
miles away were segregated i n t o  r u r a l  and 
urban groups. The d i f f e r e n c e  he re  was 
q u i t e  s m a l l  and w a s  no 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 ,  thus  i n d i c a t i n g  t h a t  those  r u r a l  
people who w e r e  f a r t h e r  away from home d i d  
no t  d i f f e r  from urban people i n s o f a r  as 
speed is concerned. 

"8. 	 The women observed drove more slowly than 
d i d  t h e  men. This  was t r u e  i n  t h e  case  of 
a l l  secondary comparisons except  when men 
and women r e s i d i n g  more than 2 5  m i l e s  from 
t h e  p l a c e  of observat ion w e r e  compared. 
Here no d i f f e r e n c e  e x i s t e d ;  t h o s e  women who 
w e r e  f a r t h e r  away from home d i d  no t  d i f f e r  
from men i n  t h e i r  speed p r a c t i c e s .  

" 9 .  	 Lone d r i v e r s  drove f a s t e r  than those  who 
were accompanied by one o r  more persons.  

"10. 	 Dr ivers  of new cars drove f a s t e r  t han  d i d  
d r i v e r s  of o l d  cars and heavy-car d r i v e r s  
drove f a s t e r  than d r i v e r s  of l i g h t  c a r s .  

"11. 	 The hypothes i s  is advanced t h a t  speed d i f -  
fe rences  appear ing between t h e  s e x  groups, 
t h e  rural -urban groups, and t h e  near - fa r  
res idence  groups might be expla ined  on t h e  
b a s i s  of amount of d r i v i n g  exper ience,  as 
might t h e  d i f f e r e n c e s  e x i s t i n g  between lone 
d r i v e r s  and t h e  d r i v e r s  who are accompanied 
by o t h e r  occupants" (136).-

The 1960s brought an increased  amount of materials con-

cerning t h e  v a r i a b l e s  which in f luence  speeds. A number of 



s t u d i e s  w i t h i n  t h e  Vehicular  Speed Regulation Research P r o j e c t  

of t h e  Univers i ty  of I l l i n o i s  d e a l t  w i t h  t n i s  a r ea .  

I n  h i s  review of t he  l i t e r a t u r e ,  J .  C.  Oppenlander d iv ided  

the  v a r i a b l e s  which in f luence  spot-speed c h a r a c t e r i s t i c s  i n t o  

f i v e  ca t ego r i e s :  d r i v e r ,  veh ic l e ,  roadway, t r a f f i c  and en- 

vironmental  v a r i a b l e s .  

" I n  summarizing d r i v e r  v a r i a b l e s ,  t r i p  d i s t a n c e  
has t h e  most s i g n i f i c a n t  i n f luence  on spot-speed 
c h a r a c t e r i s t i c s ,  whereas passengers i n  t he  c a r  and 
t h e  s ex  of t h e  d r i v e r  are of l e s s  importance. From 
t h e  d i s c o n t i n u i t i e s  ev iden t  i n  t h e  l i t e r a t u r e  on 
d r i v e r  c h a r a c t e r i s t i c s ,  it is reasonable  t o  assume 
t h a t  d r i v e r  v a r i a b l e s  in f luence  veh icu la r  sp'eeds t o  
d i f f e r e n t  degrees  i n  var ious  p a r t s  of t h e  country .  
Vehicle type  (passenger c a r ,  s i n g l e - u n i t  t r u c k ,  
combination t r u c k ,  o r  bus) and v e h i c l e  age appear 
t o  have predominant e f f e c t s  on spo t  speeds of high- 
way motor veh ic les . .  .I n  a r e c a p i t u l a t i o n  of roadway 
c h a r a c t e r i s t i c s ,  veh icu l a r  s p o t  speeds are m o s t  
s i g n i f i c a n t l y  in f luenced  by f u n c t i o n a l  c l a s s i f i c a -  
t i o n ,  curva ture ,  g r a d i e n t ,  length of grade,  number 
of l anes ,  and s u r f a c e  type.  O t h e r  elements a r e  
geographic locat ion. ,  s i g h t  d i s t a n c e  , l ane  p o s i t i o n ,  
l a t e r a l  c l ea rance ,  and frequency of i n t e r s e c t i o n s .  
Vehicle volwhe and t r a f f i c  d e n s i t y  e x e r t  pronounced 
in f luences  o n  spot-speed c h a r a c t e r i s t i c s .  Percent-
age of commercial veh ic l e s ,  pa s s ing  maneuvers, op-
posing t r a f f i c ,  and access c o n t r o l  and [ s i c .  I a l s o  
important  i n  eva lua t ion  of t r a f f  ic-s t ream charac-
t e r i s t i c s .  Environmental v a r i a b l e s  such a s  t i m e  
and weather a r e  t o  be considered i n  eva lua t ion  of 
spot-speed c h a r a c t e r i s t i c s "  (137)-. 
A s tudy  by Oppenlander concerning t h e  s ta t i s t ica l  estima-

t i o n  of t h e  func t iona l  r e l a t i o n s h i p s  between var ious  v a r i a b l e s  

and mean speeds found t h a t  f i v e  f a c t o r s  l a r g e l y  determined t h e  

r a t e  of t r a f f i c  flow: h o r i z o n t a l  r e s i s t a n c e ,  long-distance 

t r a v e l ,  marginal  f r i c t i o n ,  v e r t i c a l  r e s i s t a n c e ,  and obso le t e  

pavement. E igh t  v a r i a b l e s  were found t o  expla in  v a r i a t i o n s  



i n  mean s p o t  speeds :  o u t - o f - s t a t e  c a r ,  t r u c k  combinat ion ,  

degree  of curve  g r a d i e n t ,  minimum s i g h t  d i s t a n c e ,  l a n e  wid th ,  

r o a d s i d e  e s t a b l i s h m e n t ,  and t o t a l  volume. The two most i n -

f l u e n t i a l  v a r i a b l e s  i n  t h e s e  groups were h o r i z o n t a l  r e s i s t a n c e  

and degree  of curve  (138). 
Rober t  Wortman measured 38 v a r i a b l e s  a t  83 s t u d y  si tes 

and concluded t h a t  mean spot-speeds on four - l ane  and r u r a l  

highways could  b e  e s t i m a t e d  w i t h  reasonab le  accuracy  by u s i n g  

a mathematical  model. H e  found t h a t  v a r i a t i o n  i n  mean s p o t -  

speed could  be  exp la ined  by t h e  fo l lowing  f a c t o r s :  out -of -

s t a t e  passenger  c a r s ,  minimum s i g h t  d i s t a n c e ,  p o s t e d  speed 

l i m i t ,  and t h e  number of r o a d s i d e  e s t a b l i s h m e n t s .  When t h e  

pos ted  speed l i m i t  w a s  excluded from t h e  a n a l y s i s ,  t h e  fo l low-  

i n g  v a r i a b l e s  w e r e  used: combinat ion t r u c k s ,  o u t - o f - s t a t e  

passenger  cars, minimum s i g h t  d i s t a n c e ,  median t y p e ,  p r e s e n c e  

of access c o n t r o l ,  t h e  number of r o a d s i d e  e s t a b l i s h m e n t s ,  and 

t h e  number of access p o i n t s  -( 1 3 9 ) .  

James E.  Wilson i n c l u d e s  t h e  fo l lowing  e lements  i n  t h e  

development of speed l i m i t s :  a l ignment ,  g r a d e ,  v e r t i c a l  

c u r v e s ,  s i g h t  d i s t a n c e ,  wid th  of  t r a v e l e d  way, w i d t h  of shoulde  

pa rk ing ,  speed  p a t t e r n s ,  t r a f f i c  volumes, p e d e s t r i a n  t r a v e l ,  

t y p e  o f  pavement s u r f a c e ,  a c c i d e n t  p i c t u r e ,  r o a d s i d e  c u l t u r e ,  

and frequency of g rade  i n t e r s e c t i o n s  and t r a f f i c  s i g n a l s  (140). 
Mohamed Onsi c o n s i d e r e d  t h r e e  methods f o r  de te rmin ing  

s i g n i f i c a n t  v a r i a b l e s  for spot-speed p r e d i c t i o n :  (1) t h e  



DuBois method f o r  e l imina t ing  i n s i g n i f i c a n t  v a r i a b l e s ;  ( 2 )  

t he  a d d i t i o n  of v a r i a b l e s  t o  a s imple  r eg re s s ion  equa t ion ;  and, 

(3 )  a f a c t o r  a n a l y s i s  i n d i c a t i n g  p a t t e r n  of veh icu l a r  speed. 

Onsi f avo r s  the  second method f o r  use i n  f u r t h e r  r e s e a r c h  (141)-. 
The following groups of v a r i a b l e s  which may have an e f f e c t  

on motor veh ic l e  speeds a r e  l i s t e d  by W i l l i a m  Bunte: ( A )  Phys-

ical  f e a t u r e s  of t h e  s i te:  l ane  width,  shoulder  width ,  road 

roughness, access c o n t r o l ,  roadside  development, la tera l  clear-

ance,  h o r i z o n t a l  al inement,  v e r t i c a l  a l inement ,  and s i g h t  d i s -  

t ance ;  (B) Presence and a c t i o n  of t r a f f i c :  v e h i c l e  volume, 

commercial veh ic l e s ,  and d r i v e r  v a r i a b l e s ;  (C) Cont ro l s :  

type  of enforcement, degree  of enforcement, and t r a f f i c  c o n t r o l  

devices ;  ( D )  Var iable  f a c t o r s :  weather,  pavement c o n d i t i o n s ,  

seasona l ,  d a i l y ,  and hourly  v a r i a t i o n s ,  and day-night va r i a -

t i o n s  (142) .-
The e f f e c t s  of h o r i z o n t a l  r e s i s t a n c e  (degree of curve,  

t o t a l  c e n t r a l  angle ,  supe re l eva t ion ,  and minimum s i g h t  d i s t a n c e )  

f o r  two-lane r u r a l  highways were s tud ied  by Horkay. H e  found 

t h a t :  

(1) 	Horizonta l - res i s tance  v a r i a b l e s  in f luenced  

d r i v e r  and v e h i c l e  types  i n  t h e  same manner 

bu t  t o  varying degrees .  


(2 )  	 Mean speeds of male passenger 'car d r i v e r s  w e r e  
1.8 mph g r e a t e r  than of female d r i v e r s .  

( 3 )  	 Out-of-state d r i v e r s  t r a v e l e d  1.3 mph f a s t e r  
than i n - s t a t e  d r i v e r s ,  when judging on t h e  
b a s i s  of mean speeds f o r  a l l  values  of degree  
of curve,  va lues  of t o t a l  c e n t r a l  angle  g r e a t e r  
than 18 degrees ,  and values  of s i g h t  d i s t a n c e  
l e s s  than 2500 f e e t .  



( 4 )  	 Mean speeds  of d r i v e r s  w i t h  passengers  w e r e  
1 . 5  mph s lower  than  c a r s  wi thou t  passengers .  

( 5 )  	 A s i g n i f i c a n t  d i f f e r e n c e  of 1 .9  mph e x i s t e d  
between mean speeds  of combinat ion and l i g h t  
and s i n g l e - u n i t  t r u c k s  w i t h  t h e  combinat ion 
t r u c k  t r a v e l i n g  f a s t e r  i n  a l l  t h r e e  cons ide ra -  
t i o n s .  

( 6 )  	 A s i g n i f i c a n t  d i f f e r e n c e  of 1 .8  mph e x i s t e d  
between mean speeds  of a l l  t h r e e  t y p e s  of 
t r u c k s  and passenger  cars a l though  c a r  speed 
was h i g h l y  v a r i a b l e .  

( 7 )  	 S u p e r e l e v a t i o n  had a lmost  no  b e a r i n g  on 

speed ( 1 4 3 ) .  
-

J. C.  Oppenlander a l s o  found t h a t  o u t - o f - s t a t e  c a r s  t r a v -

e l e d  a t  h i g h e r  ave,rage speeds  on two-lane highways, b u t  resi-

dence had l i t t l e  e f f e c t  on speed c h a r a c t e r i s t i c s  of four - l ane  

highways (144)-. 
Two a d d i t i o n a l  s t u d i e s  c o n n e c t e d - w i t h  t h e  Veh icu la r  Speed 

Regu la t ion  Research P r o j e c t  p r e s e n t  t h e  fo l lowing  f i n d i n g s :  

D r i v e r s '  speed was n o t  s i g n i f i c a n t l y  i n f l u e n c e d  by p o s t e d  ad- 

v i s o r y  speed l i m i t  s i g n s .  Male d r i v e r s  d rove  3 t o  4 mph f a s t e  

than  females ,  and d r i v e r s  of new c a r s  drove  f a s t e r  t h a n  t h o s e  

w i t h  o l d  cars. Non-local d r i v e r s  o p e r a t e d  a t  h i g h e r  s p e e d s  

t h a n  l o c a l  d r i v e r s  on t h e  f l a t t e s t  c u r v e s ,  and d r i v e r s  w i t h  

passengers  drove  s l i g h t l y  s lower  on s h a r p  curves  than  t h o s e  

w i t h o u t  passengers .  G e o m e t r i c  d e s i g n  of c u r v e s  was found t o  

have a s i g n i f i c a n t  e f f e c t  on d r i v e r  speed (145) .  -
Speeds of d r i v e r s  a t  12 r u r a l  sites i n  I l l i n o i s  w e r e  

measured by camouflaged r a d a r  u n i t s ,  and later  q u e s t i o n n a i r e s  

which r e v e a l e d  a t t i t u d e s  and o p i n i o n s  on speed  w e r e  a d m i n i s t e r  



t o  the d r i v e r s .  The r e s u l t s  of 1,440 in te rv iews  i n d i c a t e d  t h a t  

d r i v e r s '  choice  of speeds a r e  in f luenced  by expected a r r i v a l  

t ime,  frequency of road use,  opinion of speed l i m i t ,  ve l l ic le  

type ,  amount of d r i v i n g  connected wi th  t h e i r  work, and t r a f f i c ,  

weather,  and road condi t ions .  Most d r i v e r s  l i k e d  t o  d r i v e  and 

w e r e  aware of both t h e  speed l i m i t  and t h e  speed they  were 

d r i v i n g  (146). 

I n  add i t i on  t o  t h e  I l l i n o i s  s tudy ,  var ious  o t h e r  sources  

have cont r ibu ted  t o  t h i s  a rea .  

A p e r i o d i c a l  "New Br i e f "  s t a t e s  t h a t :  

" . . . r esearchers  conducted cons iderab le  r e sea rch  
t o  determine what f a c t o r s  cause a moto r i s t  t o  reduce 
h i s  speed. Major f a c t o r s  were curves o r  grades  
which reduced s i g h t  d i s t a n c e s ;  and urban develop- 
ment such a s  curbs and g u t t e r s ,  bu i ld ings  and trees. 
However, i n  t he  f i r s t  case d r i v e r s  reduced t h e i r  
speed only i n  developed a r e a s ,  n o t  i n  r u r a l  areas. 
And, i n  t h e  second case ,  they d i d  no t  reduce t h e i r  
speed near ly  s o  much when approaching r e s i d e n t i a l  
as commercial development" (105)-
The T r a f f i c  E n g i n e e r i n g  Handbook presen t s  t h e  fol lowing 

elements as f a c t o r s  t o  cons ider  i n  speed zoning: 

1. Phys ica l  f e a t u r e s  
a. Design speed 
b. Measurable phys i ca l  f e a t u r e s  

(1) Maximum comfortable speed on curves  
( 2 )  Spacing of i n t e r s e c t i o n s  
( 3 )  Number of roadside  businesses  p e r  m i l e  

c. Roadway su r f ace  c h a r a c t e r i s t i c s  and cond i t i ons  
(1) S l i p p e r i n e s s  of pavement 
( 2 )  Roughness of pavement 
3 Presence of t r a n s v e r s e  d i p s  and bumps 
( 4 )  Presence and condi t ion  of shoulders  
( 5 )  Presence and width of median 

2 .  Accident exper ience 



3. 	 T r a f f i c  c h a r a c t e r i s t i c s  and c o n t r o l  
a. 	 T r a f f i c  volume 
b. 	 Parking and loading of v e h i c l e s  
c. 	 Commercial veh ic l e s  
d. 	 Turn movement and con t ro l  
e. 	 T r a f f i c  s i g n a l s  and o the r  t r a f f i c  con t ro l  

dev ices  t h a t  e f f e c t  o r  a r e  a f f e c t e d  by 
v e h i c l e  speeds 

f .  	 veh ic le -pedes t r ian  c o n f l i c t s  (147) 

A s l i g h t l y  d i f f e r e n t  in f luence  on speed behavior concerns 

t h e  e f f e c t  of s t o p  s i g n s .  S tud ies  a t  f i v e  l o c a t i o n s  on a 

co l lec tor - type  s t r e e t  of 6,000 veh ic l e s  p e r  day showed t h a t  

t h e  85th pe rcen t i l e .  speed i s  20 mph only 50 f e e t  a f t e r  l eav ing  

the  s t o p  s ign .  The e f f e c t  of a s t o p  s i g n  i s  near ly  completely 

d i spersed  a f t e r  100 f e e t .  When these  s t o p  s i g n s  were removed 

a f t e r  t h e  s tudy ,  s p o t  speeds decreased from 3 t o  5 mph (148) .  -
A 1963 a r t i c l e  states t h a t  r ada r  enforcement causes motor- 

ists t o  reduce t h e i r  speeds considerably ,  b u t  t h i s  i n f l u e n c e  

extends only fou r  m i l e s  on each s i d e  of t h e  r ada r  pos t  (105) .-
Seve ra l i fo re ign  s t u d i e s  have brought o u t  a d d i t i o n a l  p o i n t s  

of i n t e r e s t .  

T. M. Coburn has  w r i t t e n :  

"The .ex is tence  of c l e a r l y  de f ined  r e l a t i o n s  be- 
tween t h e  mean speeds of d i f f e r e n t  classes of goods 
v e h i c l e s  and the  mean speed of c a r s  h a s  been demon- 
s t r a t e d  by Charlesworth and Coburn and confirmed by 
Almond. These r e l a t i o n s  i n d i c a t e  t h a t  on roads on 
which speeds are l o w ,  there is l i t t l e  d i f f e r e n c e  be- 
tween t h e  mean speeds of d i f f e r e n t  classes of ve-
h i c l e s ,  b u t  as cond i t i ons  improve t o  permit  h ighe r  
speeds,  t h e  d i f f e r e n c e s  i n  mean speed between ve- 
h i c l e  classes become g r e a t e r "  (149). 
Also, a r e p o r t  from Finland s t a t e s :  "The high mean speeds 

of the  week-end t r a f f i c  flow cannot be explained except  by the  



passenger  car pe rcen tage . .  . t h e  reason f o r  t h i s  e v i d e n t l y  l ies  

i n  t h e  d i f f e r e n t  d r i v i n g  p o p u l a t i o n  arid t h e  d i f f e r c n ? :  d 7 l v i r . g  

h a b i t s "  (150)-. 
The t o p i c  d r i v e r  speed behav io r  i s  m u l t i f a c e t e d ,  and it 

can be seen  from t h i s  s e c t i o n  t h a t  s e v e r a l  r e s e a r c h  s t u d i e s  

have been conducted i n  t h i s  broad a r e a .  These s t u d i e s ,  how-

e v e r ,  have been ve ry  l i m i t e d  i n  scope ,  and t h u s ,  t h e i r  f i n d -  

i n g s  are a p p l i c a b l e  on ly  t o  ve ry  s p e c i f i c  c i r cumstances .  

A l i m i t e d  amount of r e s e a r c h  has  been conducted i n  t h e  

a r e a  of d r i v e r s '  a t t i t u d e s  toward speed and speed c o n t r o l .  

S e v e r a l  s t u d i e s  have cons ide red  v a r i o u s  t y p e s  of  c u r v e s  and 

speed ad jus tments  t o  t h e s e  cu rves .  Resea rchers  have a l s o  con- 

cerned themselves w i t h  such a r e a s  a s  t h e  amount o f  v i o l a t i o n  

of speed l i m i t s ,  t h e  e f f e c t  of enforcement  on compliance w i t h  

speed l i m i t s ,  and d r i v e r s '  p e r c e p t i o n  of  speed and speed  changes.  

Thus, t h e  l i t e r a t u r e  i l l u s t r a t e s  t h a t  r e l a t i v e l y  l i t t l e  

is known i n  t h e  a r e a  of d r i v e r  speed b e h a v i o r ,  and what w e  d o  

know has l i m i t e d  a p p l i c a b i l i t y .  

Research concerning t h e  v a r i a b l e s  which a f f e c t  speed  h a s  

been r a t h e r  e x t e n s i v e  and numerous p e r t i n e n t  v a r i a b l e s  have 

been i d e n t i f i e d .  S i n c e  t h e r e  is a c o n s i d e r a b l e  amount of  con-

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

it would appear  t h a t  r e s e a r c h  i n  t h i s  a r e a  has  more r e l i a b i l i t y  

than  i n  some o t h e r  a r e a s .  



Mathematical techniques have u t i l i z e d  var ious  combination: 

of these  va r i ab l e s  t o  p r e d i c t  speeds f o r  p a r t i c u l a r  circum-

s tances .  Such research has shown t h a t  mathematical models a r e  

adequate t o o l s  f o r  speed p red ic t i on .  

Severa l  s t u d i e s  have gone beyond mere i d e n t i f i c a t i o n  i n  

po in t ing  ou t  t h e  most s i g n i f i c a n t  v a r i a b l e s  i n  r e l a t i o n  t o  

speed. Since t h i s  type of conclusion is  app l i cab le  only when 

consider ing a  given s e t  of v a r i a b l e s ,  f u r t h e r  s tudy is  neces-

sa ry .  

I t  would seem, though, t h a t  t h i s  a r e a  con ta ins  some of 

t he  most ex tens ive  and l e a s t  c o n t r o v e r s i a l  research  t h a t  has 

been conducted i n  connection wi th  speed c o n t r o l .  This i s  

probably due t o  t h e  re levance of these v a r i a b l e s  t o  highway 

design and o t h e r  a s p e c t s  of highway s a f e t y .  Extensive  researc l  

would be necessary to  determine t h e  n a t u r e  and r e l a t i v e  i m -

por tance of each v a r i a b l e ' s  e f f e c t  and t o  i d e n t i f y  v a r i a b l e s  

t h a t  a r e  y e t  unknown. 

2.4 The Rela t ionsh ip  of Speed, Speed Limi t s ,  and Accidents 

The concern over speed as a causa l  a g e n t ' i n  a c c i d e n t s  was 

probably t h e  primary reason f o r  t h e  e a r l y  development of speed 

l i m i t s  f o r  t h e  automobile. O f  course ,  d i s cus s ions  of t h i s  

problem d a t e  back t o  t h e  beginning of the automobile,  b u t  

s e r i o u s  research  i n  t h e  a r e a  of speed and acc iden t s  seemed t o  

have i ts  beginning i n  t h e  1930s. One reason behind t h i s  is  



t h e  f a c t  t h a t  speed c a p a b i l i t y  of t h e  average  v e h i c l e  r o s e  from 

55 mph i n  1930 t o  8 4  mph i n  1939 ( 1 2 6 ) .-
Some t i m e  b e f o r e  1933 t h e  I n s t i t u t e  of T r a f f i c  Eng inee rs  

s e n t  a q u e s t i o n n a i r e  t o  a l l  motor-vehicle  depar tments .  Of t h e  

29 r e p l i e s  r e c e i v e d ,  less than  h a l f  t h e  responden t s  though t  

speed l i m i t s  had an a p p r e c i a b l e  e f f e c t  on speed ,  and more t h a n  

h a l f  t h e  respondents  thought  speed  was t h e  m o s t  f r e q u e n t  cause  

of a c c i d e n t s  (151). 

Another e a r l y  s t u d y  observed 67 l o c a t i o n s  ' i n  D a l l a s  t o  

h e l p  de te rmine  remedia l  measures i n  high acc i ' den t  l o c a t i o n s .  

The s t u d y  " . . . does  n o t  i n d i c a t e  t h a t  t h e r e  i s  any d i r e c t  con-

n e c t i o n  between e i t h e r  h igh  average  speeds ,  o r  h i g h  maximum 

speeds ...and high a c c i d e n t  l o c a t i o n s "  (152) .-
During a 1937 s t u d y  of average  d r i v i n g  on C o n n e c t i c u t '  

r o a d s ,  t h e  r e l a t i o n s h i p  between speed and a c c i d e n t s  w a s  s t u d i e d .  

License  numbers of a group of c a r s  t r a v e l i n g  a t  modera te  speed 

and a group of c a r s  t r a v e l i n g  a t  h i g h e r  speeds  w e r e  r ecorded .  

The d r i v e r s '  response  t o  q u e s t i o n n a i r e s  showed t h a t  28% of  t h e  

d r i v e r s  i n  t h e  h i g h e r  speed group had been invo lved  i n  a c c i -  

d e n t s ,  b u t  only  21% i n  t h e  moderate speed group ( 7 0 ) .-
A 1937 d r i v e r  e d u c a t i o n  t e x t  gave t h e  f o l l o w i n g  speed- 

d e a t h  s t a t i s t i c s :  1 i n  6 1  d e a t h s  a t  speeds  of 0 t o  20 mph; 

1 i n  42 d e a t h s  a t  20 t o  29 mph; 1 i n  35 d e a t h s  a t  30 t o  39 

mph; 1 i n  25 d e a t h s  a t  40 t o  4 9  mph; and 1 i n  11 d e a t h s  a t  

speeds of 50 and over  (-153) . 



A s tudy  of two groups of d r i v e r s ,  t h e  f i r s t  t r a v e l i n g  

over  C o n n e c t i c u t ' s  l e g a l  maximum of 50 mph, and t h e  second se-

l e c t e d  from moderate o p e r a t o r s  i n  a speed s u r v e y ,  showed t h a t  

t h e  speeding group had 5 t i m e s  a s  many speed ing  t i c k e t s ,  t w i c e  

a s  many t r a f f i c  v i o l a t i o n s ,  b u t  h a l f  a s  many a c c i d e n t s  as t h e  

moderate group (126)-. 
A r a t h e r  unique view of t r a f f i c  s a f e t y  is  p r e s e n t e d  i n  a 

1941 book by Maxwell Halsey. I t  s t a t e s  t h a t  t h e  c h i e f  d i f f i -  

c u l t y  is probably  n o t  t h e  d r i v e r ' s  a b i l i t y ,  e d u c a t i o n ,  o r  

ma l i ce  -- nor  is it speed.  The problems are a l l  grounded i n  

highway des ign .  " I t  h a s  been i n d i c a t e d  t h a t  t h e  b a s i c  under- 

l y i n g  causes  of a c c i d e n t s  a r e  i d e n t i c a l  w i t h  t h e  causes  o f  con 

g e s t i o n . "  "It is a s  e s s e n t i a l  t o  spend e f f o r t  t o  i m p r w e  t h e  

speed of t r a n s p o r t a t i o n  a s  it is t o  spend it t o  reduce  a c c i -  

d e n t s .  The automobile  was n o t  manufactured t o  save  l i v e s ,  o r  

t h e  roadway b u i l t  t o  p r e v e n t  i n  j u r i e s "  (154)-. 
One s e l e c t i o n  from a book p u b l i s h e d  i n  1949 i n c l u d e s  t h e  

fo l lowing :  

"A number o f  examples have shown t h a t  speed- 
zoning reduces  a c c i d e n t s .  Speed-zones through a 
v i l l a g e  on Long I s l a n d  reduced a c c i d e n t s  67 p e r  
c e n t .  A l l  c u r v e s  on a 100-mile segment of  highway 
i n  I n d i a n a  w e r e  speed-zoned w i t h  a r e s u l t a n t  de- 
crease of t h i r t y - s i x  a c c i d e n t s  on c u r v e s  i n  t h e  
y e a r  f o l l o w i n g  t h e  zoning.  F i f t y - t h r e e  p e r s o n s  
were i n j u r e d  and seven k i l l e d  on c u r v e s  i n  t h e  y e a r  
b e f o r e  i n s t a l l a t i o n  as compared w i t h  e i g h t e e n  i n -  
j u r e d  and none k i l l e d  on c u r v e s  d u r i n g  t h e  f o l l o w -
i n g  y e a r  i n  s p i t e  of a 15  p e r  c e n t  i n c r e a s e  i n  
t r a f f i c n  (155) .  -



A s t u d y  by Morton S. Raff i n  t h e  e a r l y  1950s a t t empted  

t o  de te rmine  how r u r a l  t r a f f i c  a c c i d e n t  r a t e s  w e r e  i n f l u e n c e d  

by v a r i o u s  p h y s i c a l  f e a t u r e s  of  highways and usage c h a r a c t e r -  

istics. T r a f f i c  volume, degree  of  c u r v a t u r e ,  pavement and 

s h o u l d e r  width  on c u r v e s ,  pe rcen tage  of c r o s s  t r a f f i c  a t  i n t e r -  

s e c t i o n s ,  and b r i d g e  width  w e r e  found t o  c o n t r i b u t e  h e a v i l y .  

Raff concluded t h a t  speed is  obv ious ly  a  c a u s a l  f a c t o r  b u t  

does n o t  dese rve  t h e  blame it u s u a l l y  r e c e i v e s  ( 1 5 6 ) .-
I n  1953, D. M.  Belmont conducted a s t u d y  r e l a t i n g  s i n g l e -  

c a r ,  	r ea r -end ,  and head-on c o l l i s i o n s  t o  speed and volume. 

. Though t h e  au thor  recognized t h a t  a v a i l a b l e  d a t a  w e r e  inade-

q u a t e  f o r  m k i n g  a s a t i s f a c t o r y  c o n c l u s i o n  about  t h e  r e l a t i o n -  

s h i p  between speed and a c c i d e n t s ,  he p r e s e n t e d  t h e  f o l l o w i n g  

t h e o r i e s .  

"1. 	 The number of s i n g l e - c a r  a c c i d e n t s  p e r  v e h i c l e  
m i l e  v a r i e s  wi th  t h e  average  t r a f f i c  s p e e d ;  
and is independent  of t r a f f i c  volume. 

"2 .  	 The number of head-on c o l l i s i o n s  p e r  v e h i c l e  
m i l e  i n c r e a s e s  d i r e c t l y  w i t h  t h e  t r a f f i c  vo l -  
ume and wi th  t h e  average  speed.  The chance 
of c o l l i s i o n  between any p a i r  of opposing ve- 
h i c l e s  is p r o p o r t i o n a l  t o  approximate ly  t h e  
square  of t h e i r  approach speeds .  " 

3. 	 There a r e  two t y p e s  of rear -end c o l l i s i o n s .  
Those o c c u r r i n g  among v e h i c l e s  t r a v e l l i n g  s o  
c l o s e  t o g e t h e r  t h a t  c o l l i s i o n  is i n e v i t a b l e  
i f  t h e  l ead  v e h i c l e  s t o p s  suddenly ,  r e s u l t  i n  
an a c c i d e n t  r a t e  t h a t  i n c r e a s e s  w i t h  t r a f f i c  
volume and average  speed.  Those rear -end 
c o l l i s i o n s  which o c c u r  due t o  a f a i l u r e  t o  
s t o p  where a  s a f e  s t o p  cou ld  normally b e  made 
have r a t e s  which vary  p r i m a r i l y  w i t h  speed  
r a t h e r  than  volume. 



" 4 .  	 The ove r - a l l  acc iden t  r a t e  p e r  v e h i c l e  m i l e  
f o r  f r e e l y  moving t r a f f i c  i s  

where C1, C2 and Cj a r e  p o s i t i v e  cons t an t s ,  v 
i s  t h e  average speed,  and n  i s  t h e  volume p e r  
u n i t  t imen (157).  -

A 1956 s tudy  found t h e  following: 

1. 	 " I t  appears t h a t  f a s t e r  d r i v e r s  have more acc i -
den t s  than slower d r i v e r s ,  e s p e c i a l l y  when 
judged by t h e i r  speeds i n  t h e  af ternoon.  The 
i n d i v i d u a l  speeds of t h e  d r i v e r s  wi th  acc iden t  
records  a r e  s l i g h t l y  h igher  than those  f o r  t h e  
d r i v e r s  wi thout  acc iden t  records ;  whi le  i n  t h e  
morning, it i s  t h e  d r i v e r s  wi thout  acc iden t  
records  whose speeds are s l i g h t l y  h igher . "  

2.  	 "I t  appears  t h a t  d r i v e r s  who have very s h o r t  
headways i n  t h e  morning have more acc iden ts  
than those  who do not .  No r e l a t i o n  was found 
between a f te rnoon  headways and acc iden t  r a t e s .  
Higher acc iden t  r a t e s  a r e  a s s o c i a t e d . w i t h  
younger d r i v e r s ,  l a r g e r  amount of t r a v e l ,  and 
newer c a r s .  " 

3. 	 "The major i ty  of  t h e  acc iden t s  of record f o r  
which informat ion w a s  a v a i l a b l e  occurred on 
dry  road s u r f a c e s  dur ing  d a y l i g h t ,  and involved 
o t h e r  veh ic l e s .  Accidents wi th  f i x e d  o b j e c t s  
u sua l ly  occurred dur ing  hours of darkness" -(158) .  

A 1956 art icle i n  Traffic E n g i n e e r i n g  s t a t e d  t h a t  over-

zealous a t tempts  t o  i n s u r e  s a f e t y  f r equen t ly  d e f e a t  themselve 

and 	hamper t h e . d r i v e r .  Although it i s  widely be l ieved  t h a t  

speed is t h e  cause  of acc iden t s ,  most a c c i d e n t s  occur between 

30 and 60 mph. Fu r the r ,  t h e r e  is no c o r r e l a t i o n  between a c c i  

den t  r a t e  and t o p  speed r e g u l a t i o n s ,  and only 4% of f a t a l i t i e  

on r u r a l  highways, where speed is t h e  apparent  cause ,  are 

caused by v e h i c l e s  exceeding 65  mph (159) .-



An a t t e m p t  t o  reduce a c c i d e n t s  on an e x i t  ramp on t h e  

Ohio Turnpike  employed a guard r a i l  which gave a s i g h t  cue  

s u f f i c i e n t  t o  slow d r i v i n g  speed wi thou t  any need t o  a l t e r  t h e  

speed l i m i t  (160)-. 
Another Ohio s t u d y  examined s i n g l e - c a r  a c c i d e n t s  (161) .-

bout t h r e e  o u t  of 10 d r i v e r s  i n  f a t a l  t r a f f i c  
a c c i d e n t s  d u r i n g  1956 were v i o l a t i n g  a speed l a w .  
32 p e r  c e n t  w e r e  exceeding s t a t e d  speed l i m i t s  and 
10 p e r  c e n t  w e r e  exceeding s a f e  speeds  a l though  
t r a v e l i n g  a t  less than  t h e  s t a t e d  speed l i m i t s  or 
on roads w i t h  no s t a t e d  limits" (162) .-
S t u d i e s  of  1959 inc luded  t h e  fo l lowing  f i n d i n g s :  

Using 600 m i l e s  of highway i n  11 s t a t e s  and drawing on 

o b s e r v a t i o n s - a n d  i n t e r v i e w s  w i t h  290,000 d r i v e r s  u s i n g  t h e s e  

highways, speeds  r e p r e s e n t a t i v e  of everyday t r a f f i c  a t  t y p i c a l  

l o c a t i o n s  on primary r u r a l  highways were o b t a i n e d .  Speeds 

f o r  acc iden t - invo lved  d r i v e r s  were determined on t h e  basis of 

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

and i n t e r v i e w e d  d r i v e r s  and acc iden t - invo lved  d r i v e r s  i n d i c a t e s  

t h a t  on main r u r a l  highways, low-speed d r i v e r s  a r e  more l i k e l y  

t o  be invo lved  i n  a c c i d e n t s  than  high-speed d r i v e r s .  Chance 

of be ing invo lved  i n  an a c c i d e n t  is lowest abou t  65 mph, 

h i g h e s t  f o r  low-speed d r i v e r s ,  and i n c r e a s e s  over  65 mph (163) -. 
P r i o r  t o  June  1 0 ,  1959, a r u r a l  highway i n  Minnesota had 

a daytime primu-facit) l i m i t  of 60 mph and a n i g h t t i m e  prima-

f s c i o  l i m i t  of 50. A l l  cu rves  were marked w i t h  warning s i g n s .  



On June 1 0 ,  1959 a day-night  prima-facic l i m i t  of 50 was i n -

s t a l l e d .  I n  a d d i t i o n ,  adv i so ry  speeds  (de te rmined  by a b a l l -

bank i n d i c a t o r )  were p o s t e d  a t  t h e  c u r v e s .  A " b e f o r e  and 

a f t e r "  a c c i d e n t  s tudy  showed a s u b s t a n t i a l  r e d u c t i o n  i n  a c c i -  

d e n t s  a f t e r  t h e  changed l i m i t .  " I n  t h e  1 8  months p r i o r  t o  tl 

change, 1 4  a c c i d e n t s  occur red  w h i l e  only  2 a c c i d e n t s  occurrec 

i n  t h e  i d e n t i c a l  18 months fo l lowing  t h e  changes .  I$ i s  be-

l i e v e d  t h a t  t h e  t r a f f i c  c o n t r o l  measures made a c o n s i d e r a b l e  

c o n t r i b u t i o n  t o  t h i s  a c c i d e n t  r e d u c t i o n "  (164)-. 
A s t u d y  of a c c i d e n t  and i n j u r y  d a t a  on 3 , 2 0 3  automobiles 

invo lved  i n  in jury-producing a c c i d e n t s  de termined t h a t  7 4 %  oi 

t h e  cars i n  in ju ry -p roduc ing  a c c i d e n t s  w e r e  t r a v e l i n g  under 

60 mph and 88% invo lved  impact  speeds  under 60 mph. There it 

a 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 s s o c i a t i o n  between speed and frc 

quency of dangerous o r  c r i t i c a l  i n j u r y .  Beyond t h e  59 mph 

speed of  t r a v e l  t h e r e  is a s h a r p  up tu rn  i n  f requency o f  c r i t j  

c a l  i n j u r y ,  and t h e  r i s k  of c r i t i c a l  i n j u r y  t r i p l e s  f o r  occu- 

p a n t s  where speed  exceeds  59 mph (165). 
"Too much speed i s  t h e  N o .  1 c a u s e  of t r a f f i c  a c c i d e n t s  

i n  a c i t y  -- speed i n  e x c e s s  of t h e  l e g a l  l i m i t s  and speed  

w i t h i n  the l e g a l  l i m i t s  b u t  too f a s t  for c o n d i t i o n s . "  S e l e c -

t i v e  enforcement  and speed  c o n t r o l  are e s s e n t i a l  t o  a c c i d e n t  

r e d u c t i o n .  Speed is n o t  t h e  o n l y  c a u s a t i v e  f a c t o r  i n  acci-

d e n t s ,  b u t  it i n c r e a s e s  t h e  danger  and s e v e r i t y  of  o t h e r  v i o -  

l a t i o n s .  "Br ing ing  t h e  speed  a t  which t r a f f i c  moves down t o  



l e g a l  l l m i t s  by cont inuous  r i g i d  enforcement  w i l l  have an 

a lmost  magic e f f e c t  on t h e  a c c i d e n t  r ecord"  (4 ) .  
I n  a 1960 paper  John E .  Baerwald states t h a t  t h r e e  mea- 

s u r e s  of  a c c i d e n t  s e v e r i t y  show t h a t  it i n c r e a s e s  up t o  speeds  

of about  60 mph and more r a p i d l y  a t  h i g h e r  speeds .  But mere ly  

p l a c i n g  a speed l i m i t  a long  a highway does  n o t  a p p r e c i a b l y  i n -  

f l u e n c e  d r i v e r  behavior .  A r e a l i s t i c  speed l i m i t  must be 

coupled wi th  adequate enforcement  t o  ach ieve  maximum s a f e t y .  

"No evidence  e x i s t s  t o  i n d i c a t e  t h a t  a c c i d e n t s  are i n c r e a s e d  

when speed zones a r e  r a i s e d  and by t h e  same t o k e n ,  t h e r e  is no 

ev idence  t h a t  a c c i d e n t s  a r e  m a t e r i a l l y  reduced by e s t a b l i s h i n g  

zones,  a l though  a downward t r e n d  is  i n d i c a t e d "  (96). 
A p i l o t  s t u d y  t o  de te rmine  whether  f u t u r e  t r a f f i c  r e c o r d s  

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

between d r i v e r ' s  speed a s  r e p o r t e d  by t h e  i n d i v i d u a l ,  p r i o r  

t r a f f i c  r e c o r d  and subsequent  t r a f f i c  records a r e  much g r e a t e r  

than  would be  expected  by chance (166). 

David Solomon combined d a t a  from 11 states t o  f i n d  t h e  

r e l a t i o n s h i p s  between speed ,  d r i v e r ,  and v e h i c l e  c h a r a c t e r i s -  

t ics and a c c i d e n t s  on two- and four - l ane  highways. Concerning 

a c c i d e n t s ,  he found: 

1. 	 "The acc ident - involvement  , i n  j u r y ,  and p r o p e r t y -  
damage r a t e s  w e r e  h i g h e s t  a t  ve ry  l o w  s p e e d s ,  
lowest  a t  about  t h e  average  speed of  a l l  t r a f -
f i c ,  and i n c r e a s e d  a t  t h e  very  h igh  s p e e d s ,  par -  
t i c u l a r l y  a t  n i g h t .  Thus, t h e  g r e a t e r  t h e  va r -  
i a t i o n  i n  speed o f  any v e h i c l e  from t h e  average  
speed of a l l  t r a f f i c ,  t h e  g r e a t e r  i ts  chance  of 
be ing  invo lved  i n  an acc ident . ' '  



2 .  	 "The s e v e r i t y  of acc iden ts  increased  a s  speed 
increased ,  e s p e c i a l l y  a t  speeds exceeding 6 0  
miles  per  hour. " 

3. 	 "The f a t a l i t y  r a t e  was h ighes t  a t  very high 
speeds and lowest a t  about t h e  average speed." 

4. 	 "Pa i r s  of passenger-car d r i v e r s  involved i n  two- 
c a r ,  rear-end c o l l i s i o n s  were much more l i k e l y  
t o  be t r a v e l i n g  a t  speed d i f f e r e n c e s  g r e a t l y  i n  
excess  of those  observed f o r  p a i r s  of c a r s  i n  
normal t r a f f i c . . . "  

5. 	 "Drivers of passenger cars having low horsepower 
had h igher  involvement ' r a t e s  than d r i v e r s  of 
c a r s  having h igher  horsepower, ...This  may be 
r e l a t e d  t o  t he  r e l a t i v e l y  poor a c c e l e r a t i o n  
c a p a b i l i t y  a t  highway speeds of c a r s  having low 
horsepower. " 

6 .  	 "Nearly ha l f  of a l l  acc iden t  involvements were 
e i t h e r  rear-end c o l l i s i o n s  o r  same-direction 
sideswipes.  However, t h e  propor t ion  of t hese  
acc iden t  involvements decreased a s  t r a v e l  speed 
increased.  S ing le  v e h i c l e ,  nonco l l i s ion  acci-
den t  involvements con t r ibu t ed  an i n c r e a s i n g l y  
g r e a t e r  p ropor t ion  of a l l  a cc iden t  involvements 
a s  speed increased ,  p a r t i c u l a r l y  a t  speeds of 
more than 70 m i l e s  p e r  hour. A t  speeds of 80 
miles per  hour,  non-co l l i s ion  acc iden t s  c o n s t i -  
t u t e d  ha l f  of a l l  involvements. Although ang le  
c o l l i s i o n s  u sua l ly  were less than 15 percen t  of 
t h e  t o t a l ,  a t  speeds of less than 25 miles p e r  
hour they c o n s t i t u t e d  more than one- th i rd  of 
a l l  a cc iden t  involvements. The propor t ion  of 
head-on c o l l i s i o n s  o r  oppos i te -d i rec t ion  s ide -
swipes increased  a s  speed increased ;  b u t  t h i s  
type  of acc iden t  involvement always w a s  less 
than 20 percen t  of t h e  t o t a l  r e g a r d l e s s  of speed 
and day o r  n i g h t  condi t ions"  (167) .-

Foreign research  s t u d i e s  on speed and acc iden t s  i nc lude  

t h e  i n t roduc t ion  of a 30 mph l i m i t  i n  Northern I r e l a n d  a r e a s  

and 	a 40 mph l i m i t  i n  London. The imposi t ion of t h e  30 mph 

l i m i t  reduced acc iden ts  and reduced t h e  p ropor t ion  of d r i v e r s  



- -  

t r a v e l i n g  a t  high speeds .  Removal of 30 mph l i m i t s  i n  1 7  c a s e s  

produced about  a 45% i n c r e a s e  i n  a c c i d e n t s .  The 4 0  mph l i m i t  

i n  London a l s o  dec reased  a c c i d e n t s  (114, 1 6 8 ) .  

An 80 km. p e r  hour speed l i m i t  was i n  e f f e c t  from December 

22, 1960 t o  January  9 ,  1961, i n  r u r a l  a r e a s  of  Sweden. The 

fo l lowing  r e s u l t s  were obta ined:  

"By c o l l a t i n g  t h e  d a i l y  r e c o r d  of a c c i d e n t s  w i t h  
t h e  fo rego ing  r u r a l  d a t a ,  w e  f i n d  t h a t  a c c i d e n t s ,  
c a s u a l t i e s  and f a t a l i t i e s  a l l  d e c l i n e d  i n  r u r a l  
a r e a s  from Dec. 22, 1959 - J a n .  9 ,  1960 t o  t h e  
s p e e d - l i m i t  p e r i o d .  I t  shou ld  be  borne i n  mind, 
however, t h a t  t h e  1959/60 p e r i o d  w a s  p a r t i c u l a r l y  
unfavorab le  a s  f a r  a s  s e r i o u s  a c c i d e n t s  were con-
cerned.  

" I n - u r b a n  a r e a s ,  on t h e  o t h e r  hand, t o t a l  acci-
d e n t s  and c a s u a l t i e s  bo th  i n c r e a s e d  from D e c .  22, 
1959 - Jan .  9 ,  1960 t o  t h e  s p e e d - l i m i t  p e r i o d ,  
whereas t h e  p r o p o r t i o n  of  i n j u r i e s  remained rough ly  
c o n s t a n t .  However, a d e c l i n e  w a s  r ecorded  f o r  
f a t a l i t i e s . .  ." 

" ... t h e  a v a i l a b l e  f a c t s  do n o t  e n a b l e  us t o  de-
termine  how much of t h e  observed d e c l i n e  i n  a c c i -  
d e n t  r a t e s  from 1959/60 t o  1960/61 is  a t t r i b u t a b l e  
t o  t h e  speed l i m i t  i t s e l f ,  how much t o  o t h e r  s a f e t y  
measures -- i n c r e a s e d  enforcement ,  i n t e n s i f i e d  edu- 
c a t i o n  and propaganda -- o r  how much t o  changes i n  
t h e  volume and composi t ion of  t r a f f i c "  (169)-. 
Acciden t  statistics c o l l e c t e d  i n  Sweden (1961) t o  compare 

a 38-day p e r i o d  d u r i n g  which a 90 k.p.h. speed l i m i t  was i n  

e f f e c t  and an 86-day p e r i o d  of no speed l i m i t  r e v e a l e d  a sig-

n i f i c a n t  d e c l i n e  i n  t h e  a c c i d e n t  r a t e  d u r i n g  t h e  speed l i m i t  

p e r i o d s .  

"A twofold tendency can be observed ...F i r s t l y ,  
d u r i n g  t h e  speed- l imi t  p e r i o d s  t h e  ' f a s t '  roads  re-
duced t h e i r  s h a r e  of a c c i d e n t s  i n  r e l a t i o n  t o  o t h e r  
roads, and, second ly ,  t h i s  r e d u c t i o n  is  more pro-
nounced where s e r i o u s  a c c i d e n t s  a r e  concerned."  



"A s t u d y  of t h e  number of persons k i l l e d  i n  ac-
c i d e n t s  of d i f f e r e n t  types . .  .sIlows t h a t  t h e  d e c l i n e  
occurred  mainly i n  head-on collisions, o v e r t a k i n g  
a c c i d e n t s ,  t u r n i n g  a c c i d e n t s  and a c c i d e n t s  invo lv -  
i n g  t h e  running over  of p e d e s t r i a n s ,  w h i l e  i n  o t h e r  
types  of a c c i d e n t s  t h e  d e c l i n e  was n e g l i g i b l e  o r  
n i l . "  

" . . . [T lhe  decrease i n  t h e  a c c i d e n t  r a t e  observed 
w h i l e  t h e  speed l i m i t  was i n  f o r c e  was even more 
pronounced on t h o s e  roads  where h igh  speeds  a r e  t h e  
m o s t  common. " 

"...[Tlhe Committee is of t h e  o p i n i o n  t h a t  t h e r e  
are weighty reasons  f o r  assuming t h a t  t h e  improve- 
ment i n  a c c i d e n t  t r e n d s  d u r i n g  t h e  s p e e d - l i m i t  
p e r i o d s  can be a s c r i b e d  t o  t h e  i m p o s i t i o n  of speed 
limits" (170) .-

"On January  1, 1963, t h e  speed l i m i t  i n  urban 
a r e a s  i n  t h e  S t a t e  of V i c t o r i a  was r a i s e d  from 30 
t o  35 m.p.h. S t u d i e s  of  v e h i c l e  speeds  i n  t h e  
Melbourne a r e a  w e r e  made b e f o r e  and a f t e r  t h e  change 
and each  y e a r  s i n c e  t h a t  t ime. . .Accident  s t a t i s t i c s  
f o r  t h e  y e a r  b e f o r e  and a f t e r  t h e  change have been 
ana lysed  and no s i g n i f i c a n t  i n c r e a s e  i n  a c c i d e n t s  
found. However, t h e r e  w a s  a s i g n i f i c a n t  i n c r e a s e  
i n  a c c i d e n t s  i n  1964, t w o  y e a r s  a f t e r  t h e  change, 
b u t  t h i s  w a s  n o t  s u s t a i n e d  i n  1965. Accident  r a t e s  
f o r  t h e  Melbourne m e t r o p o l i t a n  a r e a  c o v e r i n g  t h e  
y e a r s  of  t h e  speed su rveys  have been c a l c u l a t e d  and 
t h e s e  compared i n  t h e  l i g h t  of t h e  form of t h e  speed 
d e n s i t y  f u n c t i o n  each  y e a r .  Th i s  comparison s u g g e s t s  
t h a t  t h e  shape  of  t h e  d e n s i t y  f u n c t i o n  of v e h i c l e  
speeds  i n  an a r e a  may be a c o n t r i b u t i n g  f a c t o r  i n  
a c c i d e n t  occurrence' '  (171)-. 
A 1968 r e p o r t  concerning t h e  i n f l u e n c e  of a g e n e r a l  speed 

l i m i t  on a c c i d e n t s  and d r i v i n g  speeds  i n  F i n l a n d  s t a t e d :  

" I t  is obvious  t h a t  a g e n e r a l  speed l i m i t  h a s  no  
i n f l u e n c e  on l o w  s p e e d s  and no e s s e n t i a l  e f f e , c t  on 
medium speeds .  The speed  used by d r i v e r s  accustomed 
t o  l o w  speeds  seems t o  b e  determined mainly by ex-
t e r n a l  d r i v i n g  c o n d i t i o n s .  On t h e  o t h e r  hand,  t h e  
i n f l u e n c e  of a g e n e r a l  speed  l i m i t  on h i g h  speeds  is 
h i g h l y  remarkable" (172)-. 



"A g e n e r a l  speed l i m i t  has  a  d e c r e a s i n g  i n f l u e n c e ,  
p a r t i c u l a r l y  on t h e  number of s e r i o u s  a c c i d e n t s ,  a s  
w e l l  a s  on c o n d i t i o n s  i n  which h igh  speeds  a r e  pos- 
s i b l e  when a  speed l i m i t  i s  n o t  i n  f o r c e ,  t h a t  i s ,  
on t h e  group of passenger  c a r s  o u t s i d e  l o c a l  speed  
l i m i t  a r e a s "  ( 1 7 2 ) .-
~t was 	 a l s o  found t h a t  t h e  d i f f e r e n c e  i n  s p e e d s  was s m a l l e r  

d u r i n g  t h e  p e r i o d  w i t h  a speed l i m i t  t han  i n  t h e  p e r i o d  of  no  

speed 	l i m i t  (172)-. 
I n  T h e  E f f e c t  of Convent ionaZly  Enforced Maximum Speed 

L i m i t s  	on Motor V e h i c l e  A c c i d e n t s ,  J .  Wadsworth summarizes: 

"There is  s u f f i c i e n t  e x t a n t  l i t e r a t u r e ,  a l b e i t  
somewhat c o n t r o v e r s i a l ,  t o  s u p p o r t  t h e  c o n t e n t i o n  
t h a t  a c o n v e n t i o n a l l y  en forced  maximum speed  l i m i t  
may have some b e n e f i c i a l  e f f e c t  upon motor v e h i c l e  
a c c i d e n t s  by reduc ing  t h e i r  s e v e r i t y  b u t  n o t  t h e i r  
number" ( 1 7 3 ) .-
Two impor tan t  i n t e r n a t i o n a l  meetings have summarized t h e  

r e s u l t s  of s t u d i e s  s i m i l a r  t o  t h o s e  d i s c u s s e d  above r e g a r d i n g  

t h e  r e l a t i o n s h i p  between speed ,  speed l i m i t s ,  a n d . a c c i d e n t s .  

These 	a r e  t h e  conc lus ions  of  t h e  t w o  summary r e p o r t s :  

"Data on t h e  e f f e c t s  of speed l i m i t s  from a  number 
of c o u n t r i e s  have been ana lysed .  I t  is found t h a t :  --

(i) 	A high  p r o p o r t i o n  of d r i v e r s  do  n o t  l i m i t  
t h e i r  speed a s  they  shou ld  do  i n  o r d e r  t o  
accord  w i t h  l e g a l  requi rements .  

(ii) 	En n e a r l y  a l l  c a s e s  f o r  which w e  have 
s a t i s f a c t o r y  d a t a ,  a speed l i m i t  had a 
marked e f f e c t  i n  r educ ing  t h e  h i g h e r  speeds .  

(iii) 	I n  o t h e r  c a s e s ,  t h e  d i s t r i b u t i o n  of  t h e  
speeds  was i d e n t i c a l  b e f o r e  and a f t e r  t h e  
impos i t ion  of t h e  l i m i t .  Th i s  may have 
been because of t h e  u n s a t i s f a c t o r y  n a t u r e  
of t h e  speed l i m i t s ,  of t h e  s i g n s  i n d i -  
c a t i n g  t h e  speed l i m i t  o r ,  i n  some cases, 
of t h e  measurements of  speed.  I n  a few 
c a s e s ,  it may have been due t o  t h e  unsat -  
i s f a c t o r y  n a t u r e  of t h e  speed l i m i t .  
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( i v )  	 Speed l i m i t s  seems [ s i c ]  t o  have a 
marked e f f e c t  i n  reducing f a t a l  acc iden ts  
i n  urban a r e a s .  They have much l e s s  on 
s l i g h t  o r  damage-only acc iden t s .  

(v) 	There is  some evidence t h a t  motor c y c l i s t  
and pedal  c y c l i s t . f a t a 1 i t i . e ~  a r e  espe- 
c i a l l y  a f f e c t e d  by speed l i m i t s .  

( v i )  	 The imposit ion of speed l i m i t s  on a num-
ber  of main roads inc lud ing  motorways, 
seems t o  have had a  favourable  e f f e c t  on 
road acc iden ts"  ( 1 7 4 ) .-

The c o l l e c t i v e  experience on motorway acc iden t s  
and speed repor ted  upon shows an i r r e g u l a r  pa t -  
t e r n  of b e n e f i t s  t o  motorway ope ra t ion  r e s u l t -  
i n g  from speed pos t ing .  C lea r ly  more i n v e s t i -
g a t i o n  w i l l  be needed t o  produce r e l i a b l e  
g u i d e l i n e s ,  as a d d i t i o n a l  speed postirlg is  con-
templated. 
Di f fe rences  o r  c o n f l i c t s  i n  r e s u l t s  repor ted  
can be accounted f o r  a t  l e a s t  i n  p a r t  by t h e  
f a c t  t h a t  speed l i m i t s  have no t  had widespread 
a p p l i c a t i o n  on ex t ens ive  mileages of motorway 
i n  many c o u n t r i e s ,  nor have they been appl ied  
uniformly t o  a l l  types  of veh ic l e s .  
Where c a r e f u l l y  con t ro l l ed  s t u d i e s  have been 
made, t h e  most no t i ceab le  e f f e c t  of speed 
pos t ing  has been t o  decrease  t h e  number of 
d r i v e r s  ope ra t ing  a t  t h e  extremes of t h e  
speed range. 
The motorway is a r e l a t i v e l y  r e c e n t  design 
development and a s  t h e s e  f a c i l i t i e s  a r e  f i r s t  
opened t o  t r a f f i c  there is a tendency f o r  t h e  
i n i t i a l  a cc iden t  exper ience t o  be  unfavorable.  
This  h igher  i n i t i a l  a cc iden t  rate is  commonly 
a t t r i b u t e d  t o  a  l e a r n i n g  exper ience on the  
p a r t  of motorway d r i v e r s  and o f t e n  is s e l f -
co r r ec t ing .  Inc reas ing  t r a f f i c  volumes must 
neve r the l e s s  be reckoned w i t h  a s  a f u t u r e  ac-
c i d e n t  genera tor .  Avai lab le  d a t a  a l s o  r e v e a l  
t h a t  an inc rease  occurs  i n  t h e  number of ve-
h i c l e s  involved p e r  acc iden t  a s  t r a f f i c  volumes 
increase .  
Speeds and speed d i f f e r e n c e s  a r e  found t o  be 
e s p e c i a l l y  c r i t i c a l  a t  n igh t .  Accident r a t e s  
dur ing  darkness a r e  two t o  t h r e e  t i m e s  h igher  
than those  i n  d a y l i g h t  f o r  acc iden t s  r e s u l t i n g  
from c o l l i s i o n  wi th  an o b j e c t  bes ide  t h e  road- 
way o r  another  road u s e r  because of excess ive  
speed,  o r  a s  a r e s u l t  of v e h i c l e s  moving a t  
d i f f e r e n t  speeds i n  t h e  same lane  and d i r e c t i o n .  



" 6 .  

"7 .  

"8. 

There is an i n d i c a t i o n  t h a t  h iqh  s p e e d s  p e r  s e  
a r e  a s s o c i a t e d  w i t h  high acc l t l cn t  r a t e s .  T h i s  
c o r r e l a t i o n  appears  i n  t h e  comparison of t h e  
o v e r a l l  upgrade and downgrade operat l . ig  c x p c r i  
ence .  For descending g r a d e s ,  both d r i v i n g  
speeds  and a c c i d e n t  r a t e s  a r e  h i g h e r  than  on 
upgrades ... 
S i g n i f i c a n t  r e d u c t i o n s  have been measured i n  
t h e  frequency of dangerous ly  s h o r t  headways 
i n  t h e  l e f t  l a n e  of a 4-lane motorway a s  a 
r e s u l t  of  imposing a  speed l i m i t  f o r  c a r s .  
These c o n d i t i o n s  occur  on ly  when t h e  one way 
volume i s  more than  100 t o  120 v e h i c l e s  i n  a 
5-minute p e r i o d .  I t  i s  l i k e l y  t h a t  t h e  p r e s -  
ence  of a  s u i t a b l e  speed  l i m i t  would d i s c o u r -  
age t h e  p r a c t i c e  of fo l lowing  t o o  c l o s e l y  even 
more e f f e c t i v e l y  a t  h i g h e r  t r a f f i c  volumes. 
Headways i n  t h e  s h o u l d e r  l a n e  show no  appre-  
c i a b l e  change a s  a r e s u l t  of t h e  speed  l i m i t  
pos ted .  I n  t h e  c a s e  of t h i s  f i n d i n g ,  a s  w i t h  
many o t h e r s ,  it must be  recogn ized  t h a t  t h e  

- p r e c i s e  c r i t e r i a  f o r  s e l e c t i o n  of a  p a r t i c u l a r  
speed l i m i t  f o r  g iven envi ronmenta l  c o n d i t i o n s  
a r e  n o t  w e l l  d e f i n e d  by any r e s e a r c h  s o  f a r  
conducted. 
To accomodate mounting t r a f f i c  volumes and t h e  
i n c r e a s i n g  p u b l i c  c a l l  f o r  s a f e t y ,  t h e  motor-
way s t a n d s  o u t  a s  t h e  optimum highway e n g i -  
n e e r i n g  s o l u t i o n  f o r  s a f e ,  r a p i d  movement. 
Accident  r a t e s  appear  to  be  more s t r o n g l y  a s -  
s o c i a t e d  w i t h  t h e  type  of  d e s i g n  and t r a f f i c  
volume than  w i t h  speed l i m i t s  o r  speed  d i f f e r -  
ences  a l o n e .  Speed c o n t r o l s  i n  m o s t  s i t u a t i o n s  
must be  l a r g e l y  s e l f - e n f o r c i n g  because  of t h e  
s h e e r  s i z e  or t h e  t a s k  of p r o v i d i n g  c l o s e  s u r -
v e i l l a n c e  o v e r  motorway d r i v e r s .  Lacking t h i s ,  
new technology must be  developed f o r  an e v e n t ,  
so long a s  t h e  cho ice  of speed i s  under t h e  
d r i v e r ' s  f o o t ,  t h e  l i m i t i n g  of speed  on motor-
ways must be  a c i rcumspec t ive  approach,  never  
d i s c r e d i t i n g  the v a l u e  of an a p p e a l  t o  man's 
reason"  (175) .-



The Automotive S a f e t y  Foundation a l s o  summarizes s e v e r a l  

American s t u d i e s  concerning speed zoning and i t s  e f f e c t  on 

a c c i d e n t s .  Michigan and Arizona s t u d i 3 s  a s  e a r l y  a s  t h e  1930s 

showed s i g n i f i c a n t  r e d u c t i o n s  i n  a c c i d e n t s ,  and l a t e r  s t u d i e s  

w i t h  s i m i l a r  f i n d i n g s  w e r e  conducted in '  Nebraska,  I l l i n o i s ,  

and Wisconsin (176). 
On t h e  o t h e r  hand,  t h e  Ohio Department of Highways s t u d i e c  

t h e  e f f e c t  of speed zoning on a c c i d e n t s  and found t h a t  t h e  

speed zoning p r a c t i c e s  used a t  t h a t  t ime w e r e  i n e f f e c t i v e  a s  

means of -reduc ing  a c c i d e n t s  of any t y p e  (177). .  

D r i v e r s  have many misconcept ions  abou t  t h e i r  d r i v i n g  a b i l -  

i t i e s ,  t h e  causes  of  a c c i d e n t s ,  and d r i v e r s  who have a c c i d e n t s <  

Most peop le  b e l i e v e  t h a t  speed ing  is r e s p o n s i b l e  f o r  a g r e a t  

m a j - o r i t y  of  a c c i d e n t s .  

"From t h e  t r a f f i c  s a f e t y  p o i n t  of view t h e r e  is  no 
such t h i n g  a s  a  s p e e d e r  -- only  peop le  who d r i v e  
too f a s t  f o r  t h e  c o n d i t i o n  of t h e  highway" -(178) .  

".. . [Olnly e i g h t  p e r  c e n t  of a l l  f a t a l  motor ve- 
h i c l e  a c c i d e n t s  a r e  r e p o r t e d  t o  have happened a t  
speeds  above 60 m.p.h. i n  1962. On t h e  o t h e r  hand,  
more t h a n  h a l f  of  a l l  f a t a l  a c c i d e n t s  i n  urban 
a r e a s  r e p o r t e d l y  o c c u r r e d  a t  speeds  under  30 m.p.h., 
t h a t  same y e a r "  (178) .-

"Speeding is  o u t r a g e o u s l y  o v e r r a t e d  as a  CAUSE 
of a c c i d e n t s .  The f a c t  is t h a t  it is  i n a t t e n t i v e -
n e s s  o r  e r r o r s  i n  judgment or, l a c k  of d r i v i n g  s k i l l  
which c o n t r i b u t e  m o s t  h e a v i l y  t o  t h e  c a u s e s  of  ac-
c i d e n t s .  Seldom does  a s i n g l e  d e f i c i e n c y  c a u s e  a n  
a c c i d e n t "  (178).-
Proceed ings  o f  Nat ional  Highway S a f e t y  Bureau Priorities 

Seminar g i v e s  t h e  f o l l o w i n g  e x p l a n a t i o n .  



"Does speed cause  a c c i d e n t s  and produce c a s u a l t i e s ?  
Obviously,  c o n s i d e r i n g  speed of i t s e l f ,  t h e  answer 
i s  o f t e n  no. A s  a m a t t e r  of f a c t  t h e r e  are occa-
s i o n s  when t h e  c a p a c i t y  f o r  speed may even a i d  i n  
t h e  avoidance of a c r a s h  o r  t h e  m i t i g a t i o n  of i t s  
r e s u l t s  (The c a p a c i t y  t o  p a s s  q u i c k l y  i n  a suddenly  
deve lop ing  t i g h t  s i t u a t i o n  and t h e  minimizing of  
speed d i f f e r e n t i a l s  i n  rear -end c o l l i s i o n s ,  f o r  
example) .  On t h e  o t h e r  hand speed can v e r y  o f t e n  
compound t h e  t a s k  of a c c i d e n t  avoidance i f  n o t  pre-  
c i p i t a t e  a  c r a s h .  F u r t h e r ,  and wi thou t  q u e s t i o n ,  
speed aggrava tes  t h e  consequences of t h e  c r a s h .  

" I n  d i s c u s s i n g  speed  i n  r e l a t i o n  t o  a c c i d e n t s  it is 
w e l l  t o  d e l i n e a t e  t h e  s e v e r a l  s e n s e s  i n  which t h e  
term might b e  used. I t  is u s e f u l  t o  t h i n k  o f  speed 
i n  t h e  fo l lowing  c o n t e x t s :  

"a) ve ry  [ s i c ]  high speed - speeds  approaching 
and exceeding 100 mph. Under t h e s e  c o n d i t i o n s ,  t h e  
speed f a c t o r  dominates as a c a u s a t i v e  a g e n t ,  s i n c e  
few i f  any of t h e  e lements  of t h e  o v e r a l l  v e h i c l e -  
dr iver-highway system have been des igned  t o  accomo-
d a t e  t r a v e l  a t  t h i s  speed.  

"b )  Excess ive  speed f o r  c o n d i t i o n s  - speeds  
r a n g i n g  anywhere from z e r o  t o  d e s i g n  speeds .  Th i s  
c a t e g o r y  of speed ing  encompasses many of t h e  speed- 
i n g  c i t a t i o n s  i s s u e d  i n  connec t ion  w i t h  a c c i d e n t s .  

"c) D i f f e r e n t i a l  speed or speed g r a d i e n t s  i n  
t h e  t r a f f i c  stream - i n  p a r t ,  an  o v e r l a p p i n g  set  
w i t h  e x c e s s i v e  speed b u t  a l s o  i n c l u d e s  inadequa te  
speed.  D i f f e r e n t i a l  speed and t h e  r e l a t e d  v a r i a b l e  
' a c c e l e r a t i o n  n o i s e '  f i g u r e  prominent ly  i n  t h e  s a f e  
and e f f i c i e n t  f low of t r a f f i c .  Large speed  d i f f e r -  
e n t i a l s  a r e  seldom i f  e v e r  c i t e d  a s  a c o n t r i b u t i n g  
c a u s e ,  t h e  f a c t o r  b e i n g  i m p l i c i t  i n  o t h e r  improper 
d r i v i n g  c a t e g o r i e s  such a s  fo l lowing  too c l o s e  and 
r e c k l e s s  d r i v i n g .  

"With t h e s e  c o n ~ i o t a t i o n s  of speed i n  mind it can be 
a p p r e c i a t e d  t h a t  speed is  very  o f t e n  n o t  a s i n g u l a r  
or an e x p l i c i t  v a r i a b l e  i n  t h e  a c c i d e n t  e q u a t i o n .  
Thus, e f f o r t s  t o  t r e a t  speed a s  an  a c c i d e n t  c a u s e  
a r e  o f t e n  reduced t o  t r e a t i n g  symptoms a r i s i n g  from 
t h e  synergy of speed and many o t h e r  sys tem f a c t o r s n  (179). 



I n  1960 D .  P .  Moynihan r e p o r t e d  r e s u l t s  of a  su rvey  by 

t h e  U. S .  Federa l  Bureau of P u b l i c  Roads, which showed t h a t  

c a r s  t r a v e l i n g  a t  35 rnph were involved i n  600 a c c i d e n t s  p e r  

100 miles t r a v e l e d  compared t o  1 0 0  a c c i d e n t s  a t  65 mph. The 

r a t e  began t o  rise about  65  b u t  a t  80 it w a s  s t i l l  o n l y  1 / 4  

t h e  r a t e  a t  35 mph. Th i s  may b e  b i a s e d  by t h e  f a c t  t h a t  

d r i v e r s  o f t e n  s t a t e  t h a t  they  were t r a v e l i n g  30 rnph i n  c o u r t .  

Teenagers  had 4 t i m e s  a s  many a c c i d e n t s  a t  35 mph a s  a t  65  (180)-
I n  1964 J. S tannard  Baker s t a t e d  t h a t  t h e  r o l e s  o f  speed ,  

speed l i m i t s ,  and enforcement  i n  a c c i d e n t  c a u s a t i o n  and reduc-  

t i o n  a r e  s t i l l  a  G t t e r ' o f  guesswork'. The r e s e a r c h  t h a t  h a s  

. 	 been done on t h e  r e l a t i o n s h i p  between speed and a c c i d e n t s  i s  

mainly s t a t i s t i c a l  i n f e r e n c e  from p r i m i t i v e  i n v e s t i g a t i o n s .  

I t  is n o t  a convincing b a s i s  f o r  forming p o l i c y  r e g a r d i n g  speed 

l i m i t s  and t h e i r  enforcement  (181) .-
D r .  I r w i n  Bross a t  R o s w e l l  Park Memorial I n s t i t u t e ,  

Buf fa lo ,  New York, r eached  t h e  f o l l o w i n g  c o n c l u s i o n  by u s i n g  

a mathemat ica l  model and computer program developed by J. C. 

Tanner: "A d r i v e r  a t t e m p t i n g  t o  t r a v e l  a t  80 m.p.h. c a n n o t  

raise h i s  ave rage  speed above t h a t  of  t h e  t r a f f i c  s t r e a m  i f  

t h e  t r a f f i c  i s  modera te ly  heavy ( n i n e  c a r s  p e r  minute)  a n d  

moving a t  or below t h e  l e g a l  l i m i t  (65 m.p.h.1 e x c e p t  by t a k i n g  

dangerous chances i n  p a s s i n g . "  By u s i n g  computer s i m u l a t i o n  

D r .  Bross found t h a t  a d r i v e r  t r y i n g  t o  g o  80 rnph c o u l d  a c h i e v e  



a 13% s a v i n g  i n  t i m e  on a low-densi ty highway, b u t  such  ac-

t i v i t y  i n c r e a s e s  h i s  chances of g e t t i n g  k i l l e d  by a t  l e a s t  

M. E a r l  Campbell p r e s e n t s  a unique approach t o  speed-

a c c i d e n t  comparisons. A May 30 ,  1964, news release from t h e  

C a l i f o r n i a  D i v i s i o n  of Highways s t a t e d  t h a t  a l t h o u g h  on ly  19 

pe r sons  have been k i l l e d  a t  t h e  I n d i a n a p o l i s  500 s i n c e  1911, 

t h i s  is a f a t a l i t y  r a t e  of 3,930 p e r  100 m i l l i o n  v e h i c l e  m i l e s  

a s  compared t o  a f a t a l i t y  r a t e  of  3 p e r  100 m i l l i o n  v e h i c l e  

miles on C a l i f o r n i a  freeways.  T h i s  133,424% i n c r e a s e  a t  140 

mph on t h e  r a c e  t r a c k  shows how a c c i d e n t  f requency i n c r e a s e s  

above 6 5  mph. 

" T r a f f i c  r e c o r d s ' a n d  p h y s i c s  i n d i c a t e  t h a t  n o t  
on ly  t h e  hazard  of  s e v e r i t y  b u t  a l s o  t h e  h a z a r d  of  
f requency of h i t t i n g  a n o t h e r  v e h i c l e  o r  f i x e d  ob- 
ject i n c r e a s e s  w i t h - s p e e d ,  and t h e s e  haza rds  be- 
come s p e c i a l l y  n o t a b l e  i n  t h e  h i g h e r  r anges .  Speed 
and a c c i d e n t s  cannot  b e  r e l a t e d  t o  each o t h e r  .simply 
a s  a two-dimensional r e l a t i o n s h i p :  t h e  r e l a t i o n s h i p  
is always mu,l t i -dimensional  and may i n c l u d e  one 
hundred o t h e r  f a c t o r s . . . t h e  t h i r d  dimension of  t r a f -
f i c  d e n s i t y  must always b e  i n c l u d e d  i f  any valid re-
l a t i o n s h i p  is t o  come o u t  of t h e  a n a l y s i s .  .. 

"The haza rd  of  f requency...i s  r e l a t e d  t o  t h e s e  
c o n d i t i o n s :  (1) t h e  speed of t h e  s u b j e c t  car re-
l a t e d  t o  t h e  d e n s i t y ,  f requency d i s t r i b u t i o n  of  
speeds  of  a l l  t h e  c a r s  i n  t h e  t o t a l  t r a f f i c  stream, 
and ( 2 )  f i x e d  o b j e c t s  and o t h e r  r o a d s i d e  h a z a r d s .  
There are o t h e r  f a c t o r s ,  b u t  t h e s e  appear  t o  b e  
m o s t  impor tan t .  I t  appears  a l s o  t h a t  t h e  h a z a r d  
r a t e  above and below t h e  average  speed of t r a f f i c  
f low i n c r e a s e s  f a s t e r  than  t h e  change i n  r a t e  of  
speed. .  . 

"One of t h e  b e s t  c o n f i r m a t i o n s  of t h e  i n c r e a s e  
i n  hazard  of f requency of involvement  w i t h  i n c r e a s e  



i n  speed i s  found i n  t h e  1959-64 r e c o r d s  of t h e  
s i n g l e - v e h i c l e  a c c i d e n t . . . T h i s  type  of a c c i d e n t  
c o n s t i t u t e s  more than  o n e - t h i r d  of t h e  a c c i d e n t s  
r e s u l t i n g  i n  f a t a l i t i e s ,  and it i s  i n c r e a s i n g  a t  a 
r a t e  s i g n i f i c a n t l y  f a s t e r  than  t h e  average  r a t e  
of i n c r e a s e  of f a t a l  a c c i d e n t s ,  e s p e c i a l l y  i n  u rban  
a r e a s "  ( 1 8 3 ) .-
Authors R. L. Goen and R. G. Poulsen have r e c e n t l y  sug- 

g e s t e d  some r a t h e r  ha r sh  measures f o r  r e d u c i n g  a c c i d e n t s .  

Among o t h e r  a l t e r n a t i v e s ,  Goen s u g g e s t s  a 20% r e d u c t i o n  i n  

speed l i m i t s  and poses  t h i s  q u e s t i o n :  "Do w e  p r e f e r  t o  have  

25,600 peop le  k i l l e d  each y e a r  and t h e  o t h e r  a s s o c i a t e d  a c c i -  

d e n t  costs, r a t h e r  than  i n c r e a s e  d r i v i n g  t i m e  by an a v e r a g e  

of 11 minutes  p e r  day p e r  person"  (184,- -185)?  

Poulsen  proposes  a s t e e p l y  g radua ted  t a x  on au tomobi les  

accord ing  t o  t h e i r  h igh  a c c e l e r a t i o n  a b i l i t y .  (186) 
The N a t i o n a l  Highway S a f e t y  Board S t a f f  s t a t e s  t h a t  t h e  

f a c t o r s  c l e a r l y  be longing t o  t h e  speed-acc iden t  r e l a t i o n  i n -  

c l u d e  v e h i c l e  s t o p p i n g  c a p a b i l i t y ,  t i re  l i m i t a t i o n s ,  head-l igk 

l i m i t a t i o n s ,  a c c e l e r a t i o n  and maneuvering c a p a b i l i t y ,  d r i v e r  

s k i l l  and b e h a v i o r ,  a l c o h o l ,  and roadway and r o a d s i d e  f a c t o r s ,  

The B P R - S O ~ ~ ~ O ~r e p o r t  based on d a t a  c o l l e c t e d  i n  1954-59 

shows t h a t  about  29% of  f a t a l i t i e s  a r e  associated w i t h  v e h i c l e  

speeds of 63 mph and h i g h e r .  A t  62 mph t h e r e  is a s h a r p  i n -  

f l e c t i o n  upward i n  f a t a l i t i e s  p e r  v e h i c l e  involvement .  

C a l i f o r n i a  d a t a  also i n d i c a t e  t h a t  27% of  t h e  f a t a l i t i e s  occul  

a t  speeds  above 60 mph (187) -. 



A 1966 a r t i c l e  by H .  R ichard  M i t c h e l l ,  was conce rned  w i t h  

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

on f i v e  s e c t i o n s  o f  f reeway.  I t  showed t h a t  " . . .more t h a n  

h a l f  of t h e  v i o l a t i o n s  c o n t r i b u t i n g  t o  a c c i d e n t s  on t h e  free-

way s e c t i o n s  s t u d i e s  were d i r e c t l y  r e l a t e d  t o  speed  d i f f e r e n -  

t i a l  o r  t o  s t r e a m  f r i c t i o n  between v e h i c l e s  moving i n  t h e  same 

d i r e c t i o n "  ( 1 8 8 ) .-
The I n t e r s t a t e  System Acc iden t  Research  S tudy  was c o n d u c t e d  

t o  d e t e r m i n e  whe the r  speed  v a r i a n c e  c o n t r i b u t e d  t o  a c c i d e n t  

involvement  on t h e  I n t e r s t a t e  System. R e s u l t s  o f  t h e  a n a l y s i s  

i n d i c a t e d  t h a t  a r e d u c t i o n  i n  t h e  v a r i a t i o n  of  speed  among ve- 

h i c l e s  s h o u l d  s i g n i f i c a n t l y  r e d u c e  a c c i d e n t s .  The l o w e s t  ac-

c i d e n t  involvement  r a t e  o c c u r r e d  a t  approx ima te ly  12 mph above  

t h e  mean speed  of a s t u d y  u n i t .  A s  t h e  magnitude of  t h e v a r i a -

t i o n  i n c r e a s e d ,  e i t h e r  above o r  below t h e  mean s p e e d ,  t h e  i n -  

volvement r a t e  i n c r e a s e d .  The a u t h o r  concluded:  

" I t  a p p e a r s ,  however, t h a t  w i t h  r e s p e c t  t o  a c c i d e n t  
involvement  on f r eeways ,  as w e l l  a s  on c o n v e n t i o n a l  
r u r a l  highways,  bo th  v e r y  h i g h  and v e r y  low s p e e d s  
a r e  dange rous ,  and it i s  d i f f e r e n c e s  i n  s p e e d  among 
v e h i c l e s  t h a t  c a u s e  ' haza rdous  s i t u a t i o n s  "' (189) .-
S t a t i s t i c s  from " T r a f f i c  Acc iden t  F a c t s ,  1969 E d i t i o n "  

s t a t e :  

"Of  t h e  64,800 f a t a l  a c c i d e n t s  which o c c u r r e d  

i n  1968, speed  w a s  a f a c t o r  i n  a b o u t  14 ,700  --

4,500 i n  urban p l a c e s  and 10,200 i n  r u r a l  areas. 


"Speed d o e s  n o t  a lways mean 70 mph. For  example,  
more t h a n  h a l f  of  t h e  f a t a l  a c c i d e n t s  i n  u rban  
a r e a s  o c c u r r e d  a t  s p e e d s  under  30 mph" -( 1 9 0 ) .  



A recently completed research project summarized its in- 


vestigations as follows : 

"Over a thirteen month period, 200 accidents, 
involving 353 vehicles were investigated on the 
state roads of Monroe County, Indiana. In addition, 
94 accidents which occurred on county roads were 
investigated ...The results of this study indicate 
a "UW-shaped relationship between involvement rate 
and speed deviation...These results confirm the 
hypothesis that slow driving as well as fast driv- 
ing increases the likelihood of being involved in 
an accident. However, the curvature of this U-
shaped relationship is not as pronounced as that 
given by Solomon...in a previous study" (191). -
It is well recognized that speed plays an important de- 


termining role in accident severity, but its role as a causal 


. agent is still quite controversial. While some conclusions 

state that speed is the most important and most frequent cause 

of .traffic accidents, the more recent viewpoint is that al- 

though speed is a factor in accidents, it is one of many facto: 

and not necessarily the most significant. 

Paralleling the controversy over speed as a cause of ac- 

cidents is the question of whether or not speed limits reduce 

accidents. Both foreign and American studies,show that speed 

limits have a variety of effects, generally favorable, on the 

accident picture. 

A number of authors have pointed out that many accidents 

occur in both the low and excessively high speed ranges, while 

accident experience is at a minimum at the average driving 

speed. 



A newer concept  i n  t h e  s t u d y  of speed and a c c i d e n t s  i s  

t h e  theory  t h a t  a c c i d e n t s  occur  w i t h  d e v i a t i o n s  from t h e  a v e r -  

age speed of t r a f f i c .  Thus, it is proposed t h a t  t h e  speed 

d i s t r i b u t i o n  is  t h e  most impor tan t  f a c t o r  f o r  c o n s i d e r a t i o n .  

The wide v a r i e t y  of p u b l i c a t i o n s  s u p p o r t i n g  t h e  d i f f e r e n t  

approaches t o  t h e  speed-accident  r e l a t i o n s h i p  i l l u s t r a t e  t h e  

t u r m o i l  found i n  t h i s  f a c e t  of t h e  speed problem. 

2 .5  Methods f o r  E s t a b l i s h i n g  Speed L imi t s  

"Methods" f o r  e s t a b l i s h i n g  speed r e g u l a t i o n s  w e r e  c i t e d  

a s  e a r l y  a s  1932 .  C r i t i c a l  speeds  f o r  cu rves  and street cor-

n e r s  w i t h  o b s t r u c t i o n s  were t o  be pos ted  where s imple  "curve"  

and "slow" s i g n s  w e r e  i nadequa te .  A s imple  method f o r  d e t e r -  

mining c r i t i c a l  speeds  a t  o b s t r u c t e d  i n t e r s e c t i o n s  w a s  pro-

vided so t h a t  a  h i g h e r  speed on a g iven  street was t h e  deter-

minant of  t h e  a p p r o p r i a t e  speed on t h e  i n t e r s e c t i n g  s t ree t  -( 1 9 2 ) .  

A t  t h e  proceedings  of t h e  F i r s t  C a l i f o r n i a  I n s t i t u t e  on 

S t r e e t  and Highway Problems, F. M. C a r t e r  gave t h e  f o l l o w i n g  

guides  t o  s e t t i n g  speed l i m i t s .  

" I n  no case should  t h e  speed pos ted  b e  lower 

than  t h e  l i m i t  of the pace speed;  t h e  pace speed 

b e i n g  t h e  ten-mi le  increment  of t h e  speed curve  

i n  which t h e  m a j o r i t y  of t h e  v e h i c l e s  a r e  t r a v e l -  

i n g . "  


" T r a f f i c  e n g i n e e r s  have found t h a t  t h i s  cu rve  

is f a i r l y  uniform u n t i l  it reaches  t h e  85 p e r  

c e n t  p o i n t ,  and t h i s  is g e n e r a l l y  c a l l e d  t h e  cri t- 
 , 

i c a l  speed.  Somewhere a long  t h e  curve  t h e  m a j o r i t y  
of v e h i c l e s  checked a r e  t r a v e l i n g  aad a 10-mile 
s e c t i o n  of the curve  is  found t h a t  c o n t a i n s  more 
v e h i c l e s  than  any o t h e r  10-mile range  and t h i s  10-
m i l e  range is c a l l e d  t h e  pace speed.  



"Inasmuch as  many of the  veh ic l e s  a r e  t r a v e l i n g  
wi th in  t h i s  pace speed,  a zone e s t a b l i s h e d  wi th in  
t h i s  10-mile increment should be recognized as  rea-
sonable by the  mo to r i s t  because he  has determined 
t h a t  as  t h e  speed a t  which hc feels s a f e  i n  t r a v e l -  
ing.  This s e l e c t e d  speed should not  be much lower 
than t h e  c r i t i c a l  speed." 

"When t h e  acc iden t  r a t i n g  is much h igher  than 
t h e  average f o r  o t h e r  highways, t h e  es t imated  s a f e  
speed should be nea re r  t h e  lower l i m i t  of t h e  speed 
range" (193) .-
I n  1957 a s tudy of Winnipeg, Canada, c i t e d  type of high-

way, phys i ca l  dimensions, and abu t t i ng  land use a s  p r i n c i p l e s  

f o r  dec i s ion  making regard ing  t h e  s e t t i n g  of speed l i m i t s  (194)-
A 1957 a r t i c l e  by John E.  Baerwald c i t e d  t h e  fo l lowing  

warrants  f o r  speed zoning: 

"The war ran ts ,  as p re sen t ly  proposed, r e q u i r e  
knowledge of c e r t a i n  condi t ions  such as design 
speed,  minimum length  of zone ( i f  proposed zone i s  
lower than ad j acen t  zone) ,  minimum d i s t a n c e s  be- 
tween access  p o i n t s ,  and t h e  frequency of roads ide  
businesses  pe r  mile. Considerat ion i s  a l s o  given 
t o  such items as t h e  upper and lower l i m i t s  of t h e  
pace, t h e  85th p e r c e n t i l e  speed,  t h e  acc iden t  r a t e  
p e r  m i l l i o n  veh ic l e  m i l e s ,  and t h e  r e s u l t s  of tes t  
runs" (195) .-
The Ohio Department of Highways des igna ted  d i v i s i o n  engi- 

neers  as r e spons ib l e  f o r  reques t ing  a l t e r a t i o n s  f o r  prima fac ie  

speed l i m i t s  i n  cons t ruc t ion  zones. The Engineer of T r a f f i c  

analyzes  r eques t s  f o r  changes of t h e  prima facie speed l i m i t s  

and makes h i s  recommendations on t h e  b a s i s  of war ran ts  inc lud-

i n g  t h e  following: pace,  85th p e r c e n t i l e ,  c o n s i d e r a t i o n  of 

t o t a l  acc iden t s ,  cons ide ra t ion  of driveway or i n t e r s e c t i o n  

acc iden t s ,  and highway design (196). 



An article entitled "An Informational Report on Speed 


Zoning" gives much the same explanation citing four factors 


to be considered: 1. Prevailing vehicle speeds; 2. Physical 


features; 3. Accident experience; and, 4. Traffic charac-


teristics and control. "The prevailing speeds of traffic on 


the section of highway invalved are the most important, though 


not necessarily the determinative factor in speed zoning" ( 1 9 7 ) .-
A similar recommendation is given by other sources (198, -

-199). 
Dr. J. C. Oppenlander cites two present methods of set- 


ting speed limits: (1) an arbitrary selection of speeds, for 


example, statewide speed limits; and ( 2 )  speed limits set 

according to some measure of existing traffic speeds, includ- 


ing 85th percentile and 10 mile per hour pace (200) -. 
Several authors consider the first method in their works, 


Donigan and Fisher say that most states delegate some author- 


ity to establish' speed limits to administrative agencies. 


"There is a definite tendency in the more modern 
cases to grant broader authority to administrative 
officers and aqencies in regulation of traffic. 
Adequate provision for the protection of the,travel- 
ing public makes it necessary that administrative 
discretionary authority be provided to deal with 
specific situations which cannot be included within 
laws of general statewide application ... 
"Administrative authority to alter speed limits and 

established zones, however, is not without limit. 

In the language of the usual statute it is limited 

to 'any intersection or other place' where the maxi- 

mum limit is greater or less than is reasonable or 

safe under conditions found to exist thereat" (198). 




John Baerwald sugges t s  t h a t  t o  remedy d e f i c i e n c i e s :  (1) 

L e g i s l a t i v e  bodies a r e  no t  competent t o  s e t  s p e c i f i c  speed  

l i m i t s ;  ( 2 )  Area speed l i m i t s  f o r  genera l  t ypes  of c o n d i t i o n s  

should be e s t a b l i s h e d  by s t a t e  l e g i s l a t u r e s  wi th  a u t h o r i t y  f o r  

warranted r ev i s ion  de lega ted  t o  competent and a p p r o p r i a t e  jur- 

i s d i c t i o n s ;  and ( 3 )  The S t a t e  Highway Commission should be  

given a u t h o r i t y  t o  e s t a b l i s h  a minimum speed l i m i t  (201) .-
Speed rezoning i n  Indiana is i n i t i a t e d  by s t a t u t o r y  

change, r e s i d e n t i a l  aid commercial developments, and roadway 

cons t ruc t ion .  The S t a t e  Highway Commission sets t h e  maximum 

speed l i m i t .  For an urban d i s t r i c t  t h i s  is 30 mph, i n t e r s t a t e s  

70 mph, and 65 mph f o r  o t h e r s  un less  a l t e r e d  by s p e c i a l  i n -  

v e s t i g a t i o n s  t o  abso lu t e  speed l i m i t s .  These l i m i t s  must f a l l  

wi th in  a c e r t a i n  range and t h e  i n v e s t i g a t i o n  t a k e s  300 v e h i c l e s  

o r  t w o  hours sampling t i m e ,  whichever comes f i r s t .  The sample 

should be analyzed f o r  85th p e r c e n t i l e  speed and pace. I n  no 

case  should t h e  speed l i m i t  a r r i v e d  a t  be more than  7 mph be-

low o r  5 mph above 85th p e r c e n t i l e  speed. There are also s t an -

dard procedures f o r  e s t a b l i s h i n g  n i g h t  and minimum speed 

limits (202).-
I n  1956, J. Edward Johnston s t a t e d  t h a t :  

"A reasonable  speed l i m i t  is one t h a t  w i l l  in -
c lude  t h e  speed of a l l  bu t  a few of t h e  f a s t e s t  
d r i v e r s .  

"Many t r a f f i c  a u t h o r i t i e s  agree  t h a t  a l i m i t  
which inc ludes  85 p e r  cen t  of t h e  d r i v e r s  i s  rea-
sonable .  A speed l i m i t  should s e e m  t o o  high t o  t h e  
major i ty  of d r i v e r s .  



" I f  t h i s  i s  n o t  t h e  d r i v e r s 1  r e a c t i o n ,  t h e  l i m i t  
i s  n o t  maximum. The l i m i t  shou ld  apply on ly  t o  
t h o s e  who a r e  g r o s s l y  n e g l i g e n t ,  t a k i n g  i n t o  ac-  
c o u n t  al lowances n e c e s s a r y  f o r  v a r i a b l e s  i n  speed- 
ometers  and a r r e s t i n g  t echn iques  -- and t h i s  t o l e r a n c z  
does  n o t  need t o  be t e n  t o  15 m i l e s  an hour  a s  is 
o f t e n  t h e  c a s e "  (85). 
Warren H .  Brandt  s t a t e s  t h a t  " I t  is  t h e  i n t e n t i o n  of a l l  

speed s u r v e y s  t o  de termine  t h e  a c t u a l  o p e r a t i n g  speeds  of a 

r e p r e s e n t a t i v e  sample of motorists. Usually t h e  r e s u l t s  a r e  

i n t e r p r e t e d  i n  terms of t h e  8 5 t h  p e r c e n t i l e  speed1' ( 2 0 3 ) .-
James E. Wilson a l s o  ci tes  t h i s  method of s e t t i n g  speed  

l i m i t s ,  i n d i c a t i n g  t h a t  t h e  p r e f e r r e d  speed is  n e a r  t h e  85 th  

p e r c e n t i l e  and t h a t  p e r m i s s i b l e  r anges  ex tend  from t h e  lower 

l i m i t  of t h e  pace speed t o  t h e  85 th  p e r c e n t i l e  (140) .-
I n  a t t e m p t i n g  t o  j u s t i f y  t h e  85 th  p e r c e n t i l e  method f o r  

speed zoning,  Warren L. Kessler of  t h e  I l l i n o i s  D i v i s i o n . o f  

Highways s t a t e s : 

"The  8 5 - p e r c e n t i l e  speed is  based upon t h e  

t h e o r y  t h a t  t h e  m a j o r i t y  of  m o t o r i s t s  t r a v e l i n g  

upon a c i t y  street o r  highway are competent 

d r i v e r s  and possess  t h e  a b i l i t y  t o  de te rmine  and 

judge t h e  speed a t  which t h e y  may o p e r a t e  s a f e l y ;  

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

pe r sons  who do no t  want t o  become invo lved  i n  a n  

a c c i d e n t  and d e s i r e  to  r e a c h  t h e i r  d e s t i n a t i o n s  i n  

t h e  s h o r t e s t  p o s s i b l e  t i m e "  ( 2 0 4 ) . 
-
An a r t i c l e  i n  a 1959 i s s u e  of  T r a f f i c  Eng inee r ing  summarizes: 

" I n  view of t h e  f o r e g o i n g  c o n s i d e r a t i o n s ,  namely, 
t h a t  

(1) numerical  l i m i t s  a r e  n o t  s a t i s f a c t o r y  be- 

cause  of v a r i a t i o n s  i n  d r i v i n g  c o n d i t i o n s ;  and 


( 2 )  even if  they w e r e  s a t i s f a c t o r y ,  d r i v e r s ,  a s  
a r u l e ,  pay n o  a t t e n t i o n  t o  them; 
it would appear  t h a t  l o g i c  would d i c t a t e  t h e  removal 



of a l l  speed s i g n s .  However, if a l l  speed s i g n s  
were removed, a p o l i c e  o f f i c e r  would be l e f t  t o  hi.: 
own devices t o  determine whether a d r i v e r  w a s  d r i v -
ing  a t  a  reasonable and prudent speed and a convic-
t i o n  f o r  speeding would be d i f f i c u l t  t o  make even 
though t h e  accused might have been d r i v i n g  a t  a very  
excess ive  r a t e .  

"Posted speed l i m i t s  then can se rve  a u s e f u l  pur-
pose i f  s e t  s u f f i c i e n t l y  high t o  s e p a r a t e  t h e  l a r g e  
major i ty  of a l e r t  and c a r e f u l  d r i v e r s  from t h e  few 
f l a g r a n t  v i o l a t o r s  of t r a f f i c  r egu la t ions .  

"The 85 o r  90 p e r c e n t i l e  speed seems t o  be  t h e  
l o g i c a l  speed a t  which t o  s e t  the  speed l i m i t  f o r  
any given s e c t i o n  of road" ( 2 0 5 )-. 
A survey of t r a f f i c  eng ineer ing  o f f i c i a l s  throughout t h e  

country conducted by t h e  Tennessee Department of Highways 

found : 

"The 85th p e r c e n t i l e  speed is gene ra l ly  accepted 
as t h a t  speed which is m o s t  o f t e n  used as a b a s i s  
f o r  e s t a b l i s h i n g  speed zones. Of t h e  r e p o r t i n g  3 4  
states 28 use t h e  85th  p e r c e n t i l e  speed t o  some 
e x t e n t  r e p o r t i n g  t h a t  t h i s  p e r c e n t i l e  appears  t o  
be t h a t  speed l i m i t  a t  which d r i v e r s  m o s t  f avorab ly  
respond and t h a t  it appears t o  be reasonable  from . 
a law enforcement s tandpoin t .  This  consensus has 
been based upon exper ience  and l i t t l e  r e sea rch  has 
been presen ted  t o  s u b s t a n t i a t e  t h i s  conclusion" (206) .-
The following s ta tement  is  from a 1969 "Resolution of t h e  

annual meeting of t h e  American Associa t ion of S t a t e  Highway 

O f f i c i a l s  ." 
"The review of e x i s t i n g  p r a c t i c e  revea led  t h a t  

m o s t  of t h e  member departments use ,  p r i m a r i l y ,  t h e  
85th p e r c e n t i l e  speed. Some agencies u se  t h e  90th  
p e r c e n t i l e  speed,  and of secondary cons ide ra t ion  
are such f a c t o r s  as design speed,  geometric charac-
teristics, acc iden t  exper ience ,  test run speed,  
pace, t r a f f i c  volumes, development a long t h e  road-
way, frequency of i n t e r s e c t i o n s ,  etc... 



On t h e  b a s i s  of t h e  f o r e g o i n g  review,  t h e  Sub- 
committee on Speed Zoning recommends t o  t h e  AASHO 
Opera t ing  Committee on T r a f f i c  f o r  c o n s i d e r a t i o n  
a s  a n  AASHO P o l i c y  on Speed Zoning t h a t :  

The 85 th  p e r c e n t i l e  speed is t o  b e  g iven  
pr imary  c o n s i d e r a t i o n  i n  speed zones below 
50 m i l e s  p e r  hour ,  and t h e  9 0 t h  p e r c e n t i l e  
speed i s  t o  be  g iven  primary c o n s i d e r a t i o n  
i n  e s t a b l i s h i n g  speed  zones of 50 m i l e s  
p e r  hour  or above. To a c h i e v e  t h e  optimum 
i n  s a f e t y ,  it is d e s i r a b l e  t o  s e c u r e  a  
speed  d i s t r i b u t i o n  w i t h  a skewness i n d e x  
approaching u n i t y "  (207)-. 

A 1970 r e s e a r c h  r e p o r t  from Research T r i a n g l e  I n s t i t u t e  

concludes : 

"There w a s  n o t  s u f f i c i e n t  d a t a  a v a i l a b l e  t o  a l -
low a f u l l  a n a l y s i s  b u t  it appears  t h a t  t h i s  s t u d y  
r e i n f o r c e s  t h e  s e t t i n g  of speeds  [ s i c ]  l i m i t s  a t  
t h e  85th  p e r c e n t i l e  speed.  The s t a n d a r d  d e v i a t i o n  
of t h e  speed  d i s t r i b u t i o n  is from 5 t o  7 mph. Ap-
prox imate ly  85% o f  t h e  d r i v e r s  d r i v e  below t h e  mean 
p l u s  one s t a n d a r d  d e v i a t i o n .  The d r i v e r s  h a v i n g  
speeds  between t h e  mean and one s t a n d a r d  d e v i a t i o n  
above t h e  mean a r e  d e f i n i t e l y  i n  a  low involvement  
group.  The reg ion  between one and t w o  s t a n d a r d  
d e v i a t i o n s  above t h e  mean speed encompasses approx- 
i m a t e l y  10 p e r c e n t  of t h e  d r i v e r s  and does  n o t  have 
a s i g n i f i c a n t l y  g r e a t e r  involvement  r a t e  t h a n  a t  
mean speed.  T h i s  r e g i o n  from t h e  end of t h e  f i r s t  
t o  t h e  end of t h e  second s t a n d a r d  d e v i a t i o n  is ap-
proximate ly  t h e  t o l e r a n c e  l e v e l  al lowed by p o l i c e  
a g e n c i e s .  6 

" I f  minimum speed l i m i t s  a r e  set  a s imilar  argu-
ment would l e a d  t o  t h e  c o n j e c t i v e  t h a t  t h e  l i m i t  
shou ld  be  p l a c e d  a t  abou t  t h e  1 5 t h  p e r c e n t i l e  speed 
w i t h  enforcement  a t  about  t h e  5 t h  p e r c e n t i l e n  (191) .  -
"Speed Zoning - Why and How" d e s c r i b e s  t h e  8 5 t h  p e r c e n t i l e  

a s  t h e  c r i t i c a l  speed.  

"This  is t h e  speed a t  o r  below which 85 p e r c e n t  
of t h e  t r a f f i c  is moving. Exper ience  h a s  shown 
t h a t  t h i s  is t h e  one c h a r a c t e r i s t i c  of  t r a f f i c  



speeds which most near ly  conforms t o  a reasonable  
l i m i t .  Speed l i m i t s  s e t  higher than t h e  c r i t i c a l  
speed w i l l  m.ke very few a d d i t i o n a l  d r i v e r s  ' l e g a l '  
f o r  each f j v ~  mile pe r  hour increment of speed in -  
creased.  Speed l i m i - t s  s e t  lower than t h e  c r i t i c a l  
speed w i l l  make a l a rge  number of reasonable  d r i v e r s  
' i l l e g a l '  f o r  each f i v e  m i l e  pe r  hour increment by 
which the  speed i s  reduced" (208)-. 
This paper a l s o  d i scusses  what r e s u l t s  r e a l i s t i c  speed 

zoning may have. 

"A. 	 Reduce t h e  speed d i f f e r e n t i a l  i n  a t r a f f i c  
s t ream when t h e r e  is  a l a r g e  v a r i a t i o n  of 
speeds. This makes d r i v i n g  e a s i e r ,  i n c r e a s e s  
capac i ty  and reduces t h e  l i k l i hood  [ s i c ]  of 
acc iden ts  by encouraging most d r i v e r s  t o  
t r a v e l  a t  about t h e  same speed. 

B. 	 Give enforcement o f f i c i a l s  a good guide a s  t o  
what a reasonable  and prudent  speed i s  under 
normal condi t ions  and permits  concent ra t ion  
of enforcement a g a i n s t  r e a l  t r a f f i c  v i o l a t o r s .  

C. 	 Give mo to r i s t s  a speed l i m i t  which they can 
r e s p e c t  and obey. When d r i v e r s  r e s p e c t  speed 
i i m i t ?  i n  areas with  which they a r e  f a m i l i a r ,  
theypLare more l i k e l y  t o  pay a t t e n t i o n  t o  
l i m i t s  i n  unfami l ia r  a r e a s .  ' .-

D. 	 A s s i s t  t r a f f i c  c o u r t s  by provi5ing a r e a l i s t i c  
gul l e  a s  t o  normal, reasonable  and prudent 
spit? i s .  

E. 	 Give l o c a l  r e s i d e n t s  a r e a l i s t i c  p i c t u r e  of 
t h e  a c t u a l  speed of most t r a f f i c .  There i s  no 
s a f e t y  i n  b l i n d  r e l i a n c e  on a speea l i m i t  i n -
c o n s i s t e n t  wi th  speeds  a c t u a l l y  t r a v e l e d  by 
t r a f f i c .  

F. 	 I n su re  t h a t  a l l  speed zones s a t i s f y  t h e  re-
quirements of s ta te  law" -(208). 


I n  1965,  J. Edward Johnston presented a rat!\.:?: comprehen-

s i v e  	summary of speed c o n t r o l  informat ion t o  t h e  I n s t i t u t e  of 

T r a f f i c  Engineers.  

"There is  nothing wrong wi th  many of our  speed limits 
b u t  t h e r e  are no t  enough of t h a t  kind.  The bad ones  
a r e  u n r e a l i s t i c ;  they make law v i o l a t o r s  o u t  mf wr-
mally law ab id ing  c i t i z e n s ;  they c r e a t e  a f e a r f u l  



d r i v e r ;  they s u b j e c t  d r i v e r s  t o  unreasonab le  and 
p u n i t i v e  t r a f f i c  laws; they  a r e  mis lead ing  and d o  
n o t  accomplish t h e  s a f e t y  t h a t  t h e  p u b l i c  t h i n k s  
t h e y  do; and they  do n o t  r e c o g n i z e  t h e  i n h e r e n t  de- 
s ire of t h e  p u b l i c  f o r  m o b i l i t y . "  

"The f o l l o w i n g  premises  have been used s u c c e s s f u l l y  
i n  t h e  e d u c a t i o n  of t h e  p u b l i c  abou t  speed and a r e  
o f f e r e d  a s  a guide  f o r  your  own c o n c l u s i o n s  i n  t h e  
matter of speed c o n t r o l  and r e g u l a t i o n .  

The m a j o r i t y  of d r i v e r s  d r i v e  p r o p e r l y  most 
of t h e  t i m e .  
Most d r i v e r s  d r i v e  as f a s t  a s  they  f e e l  s a f e  
and a r e  capab le  of r e c o g n i z i n g  d r i v i n g  con- 
d i t i o n s  t h a t  r e q u i r e  g r e a t e r  d r i v i n g  c a u t i o n .  
D r i v e r s  have l i t t l e  r e s p e c t  f o r  and r a r e l y  
conform t o  unreasonable  speed limits. 
Reasonable speed l i m i t s  w i l l  have t h e  g r e a t -  
est  e f f e c t  i n  s lowing  t h e  f a s t e r  d r i v e r ,  
speeding up t h e  s l o w  d r i v e r s ,  and i n c r e a s -  
i n g  t h e  number t r a v e l i n g  a t  o r  n e a r  t h e  same 
speed.  
A speed l i m i t  shou ld  seem t o o  f a s t  t o  a t  
l e a s t  85 p e r  c e n t  of t h e  d r i v e r s  or it is  
n o t  a maximum l i m i t .  There  is s t i l l  p l e n t y  
of room f o r  enforcement  speed  t o l e r a n c e s .  
Unreasonable speed l i m i t s  canno t  be e n f o r c e d  
wi th  reasonab le  enforcement .  Many a r r e s t s  
is no measure of enforcement .  Speed l i m i t s  
should  be i n  a  l a r g e  measure s e l f - e n f o r c i n g .  
Forc ing t r a f f i c  t o  d r i v e  more s lowly  does 
no t  mean t h a t  it is  d r i v i n g  more s a f e l y .  
S a f e t y  campaigns are e f f e c t i v e  o n l y  t o  t h e  
degree  t h a t  they  impress  t h e  d r i v e r s  w i t h  
need f o r  c a u t i o n .  T h i s  may or may n o t  re-
s u l t  i n  h i s  d r i v i n g  more s lowly .  
There is no such t h i n g  a s  a  s a f e  speed l i m i t .  
T r a f f i c  a c c i d e n t s  o c c u r  a t  a l l  s p e e d s  and 
more have occur red  a t  speeds  n o t  normal ly  
cons ide red  e x c e s s i v e .  
N o  speed  l i m i t  a d a p t s  i t s e l f  e f f e c t i v e l y  t o  
any extended l e n g t h  of street o r  highway, 
o r  f o r  even l i m i t e d  e x t e n t  under  a l l  d r i v i n g  
c o n d i t i o n s .  
Radar and o t h e r  speed  measuring d e v i c e s  
would be e f f e c t i v e  t o o l s  f o r  making speed- 
i n g  a r r e s t s  i f  r e a s o n a b l e  speed l i m i t s  were 
used -- e s t a b l i s h e d ,  r e c o g n i z i n g  t h e  many 



v a r i a b l e  c o n d i t i o n s ,  w i t h  t h e  p r e c i s e  ac-
curacy with which t h e  d e v i c e s  a r e  capab le  
of o p e r a t i n g .  

"12. 	 Our concern i s  n o t  s o  much w i t h  speed a s  
w i t h  ' speed t o o  f a s t  f o r  c o n d i t i o n s  o r  c i r -
cumstances. '  I t  may be t h a t  ' h a s t e 1  is t h e  
r e a l  aggressor .  

"13. There a r e  many o t h e r  f a c t o r s  t h a n  speed t h a t  
a r e  more impor tan t  i n  t h e  c a u s a t i o n  of a c c i -
d e n t s :  i n a t t e n t i o n ,  a g g r e s s i v e n e s s ,  p r i d e  
of power, revenge,  h a s t e ,  condemnation, 
r e c k l e s s n e s s ,  d a r i n g  and many o t h e r s .  These 
a r e  r e f l e c t e d  i n  ' d r i v i n g  on t h e  wrong side 
of t h e  r o a d , '  ' c u t t i n g  i n , '  ' f a i l u r e  t o  
y i e l d  r i g h t  of  way,' ' f o l l o w i n g  too close,' 
'weaving from one l a n e  t o  a n o t h e r , '  ' s top-
p i n g  t o o  q u i c k l y , '  y e s ,  and ' d r i v i n g  t o o  
f a s t  f o r  c o n d i t i o n s . '  

" 1 4 .  	 Speed l i m i t s  aimed a t  r e g u l a t i n g  t h e  few 
g r o s s l y  r e c k l e s s  d r i v e r s  o n l y  make law v i o -  
l a t o r s  o u t  of most of t h e  normal ly  good 
d r i v e r s  and has  [ s i c ]  q u e s t i o n a b l e  v a l u e  
i n  accompl ishing t h e  purpose  f o r  which t h e y  
a r e  in tended .  

"15. 	 The ' s l o w '  d r i v e r s  a r e  a  g r e a t e r  menace on 
o u r  streets and highways today t h a n  a r e  t h e  
' f a s t '  d r i v e r s "  -( 2 0 9 ) .  

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

mity of speeds  or t h e  speed d i s t r i b u t i o n .  According t o  W i l l i a m  

Taylor ,  assuming t h a t  v a r i a t i o n  of speed  d i s t r i b u t i o n  and h igh 

a c c i d e n t  r a t e s  on c e r t a i n  s e c t i o n s  of highway are t h e  r e s u l t  

of t h e  d r i v e r s '  i n a b i l i t y  t o  p r o p e r l y  e v a l u a t e  t h e  s i t u a t i o n ,  

i t  seems t h a t  speed d i s t r i b u t i o n  would be h e l p f u l  i n  de termin-  

i n g  where speed zoning might  be e f f e c t i v e .  Mean speed and 

85th p e r c e n t i l e  may n o t  be i n f l u e n c e d  by e a c h  i n d i v i d u a l  d r i v e r  

i n a b i l i t y  t o  make a p r o p e r  e v a l u a t i o n  of c o n d i t i o n s  i n  t h e  way 

t h a t  skewness and k u r t o s i s  of speed d i s t r i b u t i o n  are -( 2 1 0 ) .  



T a y l o r I s  t h e o r y  s t a t e s  t h a t  a r e l a t i o n s h i p  e x i s t s  be tween 

t h e  rate of occur rence  of a c c i d e n t s  and t h e  d i s t r i b u t i o n  of 

speeds  on a s e c t i o n  of r u r a l  highway, and t h a t  t h e  e f f e c t i v e -  

n e s s  of  speed zoning i n  r educ ing  a c c i d e n t s  is  dependent  on the 

speed  d i s t r i b u t i o n  b e f o r e  and a f t e r  zoning (211) .  - H i s  s t u d y  

concluded t h a t :  

"1. -	 There is  a s t r o n g  r e l a t i o n s h i p  between t h e  
r a t e  of occur rence  of a c c i d e n t s  and t h e  speed 
d i s t r i b u t i o n  on r u r a l  s t a t e  highways. 

2 .  	 The b e s t  parameter  t o  use  i n  d e t e r m i n i n g  non- 
n o r m a l i t y  i s  t h e  skewness of  t h e  d i s t r i b u t i o n .  

3. 	 Changing t h e  speed d i s t r i b u t i o n  from non-normal 
t o  normal r e s u l t s  i n  an a c c i d e n t  r a t e  r e d u c t i o n  
which i s  abou t  t w i c e  t h a t  found under  any o t h e r  
se t  of b e f o r e  and a f t e r  c o n d i t i o n s .  

4 .  	 Warrants  f o r  speed zoning s h o u l d  be  e s t a b l i s h e d  
which i n c l u d e  t h e  speed d i s t r i b u t i o n  a s  a 
f a c t o r .  

5. 	 The ' B e f o r e '  speed d i s t r i b u t i o n  a l o n e  is n o t  
adequa te  a s  a w a r r a n t  f o r  speed zoning" (178) .  -

The Tennessee Department of Highways based a s t u d y  on t h e  

assumption t h a t  T a y l o r ' s  theory  w a s  t r u e .  I n  t h i s  s t u d y  a 

speed l i m i t  was s a i d  t o  be " e f f e c t i v e "  i f  t h e  index  of skew-

n e s s  of t h e  r e s u l t i n g  speed d i s t r i b u t i o n  w a s  c l o s e  t o  1. S p e e d  

d i s t r i b u t i o n s  were measured a t  834 l o c a t i o n s  and 189 l o c a t i o n s  

w e r e  found for which t h e  speed l i m i t  was s a i d  t o  be  " e f f e c t i v e . "  

The 189 l o c a t i o n s  w e r e  grouped a c c o r d i n g  t o  t h e  v a l u e  of  the 

speed zone and f o r  each speed l i m i t  t h e  average  v a l u e s  of  85th 

p e r c e n t i l e ,  90th  p e r c e n t i l e ,  mean, median, mode, mean d e v i a t i o n ,  



and s t andard  d e v i a t i o n  were c a l c u l a t e d .  From t h e s e  c h a r a c t e r -  

i s t ics  t h e  one w i t h  t h e  s m a l l e s t  "average d e v i a t i o n  from pos ted  

speed l i m i t "  was s e l e c t e d  a s  t h a t  c h a r a c t e r i s t i c  which b e s t  

r e p r e s e n t e d  t h e  speed l i m i t .  I t  was concluded t h a t  speed 

l i m i t s  below 50 mph a r e  b e s t  r e p r e s e n t e d  by t h e  85 th  p e r c e n t i l e  

w h i l e  l i m i t s  of 50 mph and above a r e  b e s t  r e p r e s e n t e d  by t h e  

90th p e r c e n t i l e  (212) .-
Baerwald i n d i c a t e s  t h a t  t h e  s a f e s t  and most e f f i c i e n t  ve- 

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

a t  o r  nea r  t h e  same speed,  the reby  minimizing t h e  need f o r  

o v e r t a k i n g  and p a s s i n g .  T o ' a c h i e v e  speed u n i f o r m i t y  he recom-

mends t h a t  t r a f f i c  e n g i n e e r s  e s t a b l i s h  maximum and minimum 

speeds accord ing  t o  roadway and t r a f f i c  c o n d i t i o n s  i n  o r d e r  t o  

minimize e x c e s s i v e l y  f a s t  and e x c e s s i v e l y  slow-moving ve-

h i c l e s  ( 2 4 3 )-. 
P u b l i c a t i o n s  a g r e e i n g  w i t h  Baerwald 's  view s t a t e :  

"The p r i n c i p a l  o b j e c t i v e  i n  speed c o n t r o l  i s  t o  
ach ieve  a s  uniform a movement on a g iven  roadway a s  
p o s s i b l e .  T h i s  means "speeding-up" t h e  s low d r i v e r  
a s  	w e l l  as "slowing-down" t h e  f a s t  ones" (214). 

"speed L i m i t s  shou ld  e n c o u r e e  uniform speeds .  

"If a l l  t r a f f i c  moved a t  t h e  same speed ,  t h e r e  
would be no o v e r t a k i n g  and p a s s i n g  -- which r e s u l t s  
i n  a l a r g e  number of f a t a l i t i e s  and i n j u r i e s .  The 
g r e a t e s t  tendency toward u n i f o r m i t y  i s  ach ieved  
when no  more than  1 5  p e r c e n t  of  t h e  d r i v e r s  exceed 
t h e  c l e a r l y  pos ted  speed l i m i t "  (85). 
J. C.  Oppenlander s t a t e s  t h a t  e x i s t i n g  t echn iques  a r e  n o t  

s c i e n t i f i c a l l y  based and p r e s e n t s  t h e  f o l l o w i n g  t h e o r y  as a n  

a l t e r n a t i v e  method f o r  t h e  e s t a b l i s h m e n t  of speed c o n t r o l s :  



(1) 	Optimal speed t h a t  minimizes t h e  cost of  high-  
way t r a n s p o r t a t i o n  i s  s e l e c t e d  c o n s i d e r i n g  
monetary, t i m e ,  s a f e t y ,  and comfort  f a c t o r s .  

( 2 )  	 An a d j u s t e d  speed is  d e r i v e d  from t h e  o p t i m a l  
speed by s u b t r a c t i n g  t h e  r e d u c t i o n  i n  speed  
occas ioned by d r i v e r ,  v e h i c l e ,  roadway, t r a f -
f i c ,  and envi ronmenta l  v a r i a b l e s  t h a t  modify 
v e h i c u l a r  speeds .  

(3)  	 S t a t i s t i c a l  r e l a t i o n s h i p s  between upper  and 
lower speed  l i m i t s  and a d j u s t e d  speed  produce  
t h e  p o s t e d  speed r e g u l a t i o n  (200) .-

J a c k  C. M a r c e l l i s  a t t empted  t o  app ly  p a r t  o f  t h i s  t h e o r y ,  

c a l c u l a t i n g  t h e  to ta l  cost of t r a f f i c  movement as t h e  sum of 

o p e r a t i o n  c o s t ,  t i m e  c o s t ,  and a c c i d e n t  c o s t .  The op t ima l  

speed f o r  urban streets was s c a l e d  accord ing  t o  f requency 0% 

s t o p s .  For' passenger  c a r s ,  op t ima l  urban speed  ranged from 

42  mph f o r  0  s t o p s  p e r  m i l e  t o  27 mph f o r  16 s t o p s  p e r  mile 

d u r i n g  t h e  day. Night  optimum is  s l i g h t l y  lower.  Commercial 

v e h i c l e s  would move a t  an o p t i m a l  speed of  37.5 mph a t  0 s t o p s  

p e r  mile, and a t  8 s t o p s  p e r  m i l e  t h e  o p t i m a l  would be  25 '  mph. 

A p o s s i b l e  a p p l i c a t i o n  of t h e s e  l i m i t s  would be t o  s t a t e w i d e  

o r  areawide maximuii and minimum speed  limits (215)-. 
A comple te ly  d i f f e r e n t  view of  speed l i m i t s  i f  p r e s e n t e d  

by C h a r l e s  W. P r i s k ,  deputy  d i r e c t o r  of t h e  O f f i c e  of  Highway 

S a f e t y .  P r i s k  f e e l s  t h a t  t h e  p o s t i n g  of a d v i s o r y  s p e e d s ,  de-

termined by p r e v a i l i n g  e n g i n e e r i n g  and t r a f f i c  c o n d i t i o n s ,  

might be more a p p r o p r i a t e  than  a r b i t r a r y  speed l i m i t s .  H e  

s t a t e s : 



"The d r i v e r  wants and dese rves  i n t e l l i g e n t  a i d s  
t o  h i s  choice  of p roper  speeds ...Rather  than  t r y  
i n e f f e c t u a l l y  t o  l i m i t  h i s  speed,  w e  might b e t t e r  
look f o r  new ways t o  l e t  t h e  d r i v e r  know what 
speeds a r e  s a t i s f a c t o r y ,  comfor table  and s a f e  ...I 
t h i n k  t h e  p u b l i c  i s  becoming s u s p i c i o u s  of t h e  
s a f e t y  va lue  of speed l i m i t s  based s o l e l y  on a r b i -
t r a t i o n  by l e g i s l a t o r s .  Perhaps it i s  t i m e  t o  f a c e  
up t o  t h e  f a c t  t h a t  d r i v e r s  respond b e t t e r  t o  ad- 
v i c e  than  to  r e g u l a t i o n "  ( 2 1 6 ) .  -
The T r a f f i c  Eng inee r ing  Handbook states t h a t  t h e  c r i t e r i a  

f o r  s a f e  speed r e g u l a t i o n  a r e  based upon t h e  need t o  g i v e  t h e  

d r i v e r  adequate  t i m e  t o  reduce  s p e e d ,  make d e c i s i o n s ,  and r e a c t  

when he encoun te r s  h a z a r d s .  Some i n d i c a t o r s  of t h e  e f f e c t i v e -

n e s s  of a speed r e g u l a t i o n  a r e  i n c r e a s e d  s a f e t y ,  smoother t r a f -  

f i c  f low,  and h e a l t h y  d r i v e r  a t t i t u d e s  toward speed l i m i t s  ( 1 4 7-
There e x i s t s  a c o n s i d e r a b l e  amount of agreement as t o  t h e  

f a c t o r s  which should  b e  c o n s i d e r e d  when s e t t i n g  speed l i m i t s .  

Genera l ly  inc luded  a r e :  1) a measure of  p r e v a i l i n g  v e h i c l e  

speeds ,  2) roadway c h a r a c t e r i s t i c s ,  3 )  a c c i d e n t  e x p e r i e n c e ,  

4 )  t r a f f i c  c h a r a c t e r i s t i c s ,  and 5) t h e  n a t u r e  of e x i s t i n g  

c o n t r o l  measures.  

The m o s t  f r e q u e n t l y  advocated method f o r  e s t a b l i s h i n g  

speed limits today is t h e  85 th  p e r c e n t i l e  or some o t h e r  measure 

of e x i s s i n g  t r a f f i c  s p e e d s  such  as 10-mph pace  o r  ave rage  test  

run speed.  However, l i t t l e  e m p i r i c a l  j u s t i f i c a t i o n  f o r  t h i s  

method can be found i n  t h e  l i t e r a t u r e .  Two bases t h a t  have 

been p r e s e n t e d  are f i r s t ,  t h a t  t h e  85 th  p e r c e n t i l e  s t e m s  from 



t h e  i d e a  t h a t  d r i v e r s  a r e  capable  of judging a s a f e  and reason- 

a b l e  speed,  and second, t h a t  something p e c u l i a r  s t a r t s  t o  hap- 

pen t o  t h e  speed d i s t r i b u t i o n  curve a t  the  85th p e r c e n t i l e  

po in t .  

A newer l i n e  of th ink ing  has proposed t h a t  t h e  speed d i s -  

t r i b u t i o n  is t h e  prime cons ide ra t ion ,  and t h u s ,  t h a t  t h e  ob- 

ject of a speed l i m i t  should be t o  have some d e s i r e d  e f f e c t  

on t h i s  d i s t r i b u t i o n .  I t  is  a t  t h i s  p o i n t  t h a t  f u r t h e r  re-

search  must cont inue.  

Three ques t ions  p re sen t  themselves: 1) What a r e  t h e  ob- 

j e c t i v e s  of speed con t ro l ?  2 )  Can speed l i m i t s  m e e t  t h e s e  

object ives? .  3) I f  s o ,  what methods should be employed t o  

e s t a b l i s h  e f f e c t i v e  speed l i m i t s ?  



3.0 CONCLUSION 

From a h i s t o r i c a l  perspec t ive  i t  can be seen t h a t  r e l a -  

t i v e l y  few new ideas  have been added i n  the  a r e a  of speed 

l i m i t s  s i n c e  the  e a r l y  days of t h e  automobile i n  America. A l -

though t h i s  says much f o r  t h e  i n s i g h t  of t h e  men who worked 

i n  t h i s  a r ea  i n  t h e  e a r l y  1900s, it a l s o  i l l u s t r a t e s  t h e  weak 

l e v e l  of e f f o r t  asc r ibed  t o  speed c o n t r o l  r e sea rch  s i n c e  t h a t  

t i m e .  

L i t t l e  r e a l  progress  has  been made e i t h e r  i n  theory o r  

i n  p r a c t i c e  regarding modern speed r egu la t ion .  Re la t ive ly  few 

new concepts have been in t roduced ,  and most a s p e c t s  of t h e  

speed problem remain h igh ly  u n s e t t l e d .  

The type of e f f e c t  which speed l i m i t s  have i s  ques t ion-

a b l e ,  and t h e r e  is  s t i l l  no consensus a s  t o  whether they do 

o r  do no t  have an e f f e c t  a t  a l l .  It appears ,  however, t h a t  

speed limits may have a favorab le  e f f e c t ,  o r  a t  l e a s t  no un- 

favorab le  e f f e c t s  have been shown. The main c h a r a c t e r i s t i c  of 

a speed l i m i t  is i t s  reasonableness .  

S tud ie s  i n  t h e  a r e a  of d r i v e r  speed behavior seem t o  re-

late only t o  p a r t i c u l a r  s i t u a t i o n s  and t h u s ,  cannot be gener- 

a l i z e d .  The smal l  amount of r e sea rch  t h a t  has been conducted 

i n  t h i s  area does no t  begin t o  cover t h e  complex top ic .  

Despi te  t h e  amount of work t h a t  has  been done concerning 

t h e  speed-accident  r e l a t i o n s h i p ,  t h e  conc lus ions  have n o t  been 

c o n s i s t e n t .  The later s t u d i e s  on t h i s  t o p i c  t end  t o  p l a c e  

speed i n  a group of c a u s a l  f a c t o r s  r a t h e r  than  l a b e l i n g  speed 

a s  t h e  s i n g l e  o r  most important  cause of acc iden t s .  The r o l e  



of speed  i n  a c c i d e n t  c a u s a t i o n  has  r e c e i v e d  t h e  g r e a t e s t  amount 

of s e r i o u s  a t t e n t i o n  and t h i s  i n t e r e s t  has  p robab ly  l e d  t o  t h e  

p r e s e n t  concern  over  speed c o n t r o l .  

ÿ he most promis ing  t h e o r y  t h a t  h a s  been proposed i n  t h i s  

area s t a t e s  t h a t  a c c i d e n t s  are a f u n c t i o n  of  t h e  speed  d i s t r i -  

b u t i o n ,  i . e . ,  t h a t  a c c i d e n t s  a r e  caused by d e v i a t i o n s  from t h e  

average  d r i v i n g  speed.  

C u r r e n t  methods f o r  s e t t i n g  speed l i m i t s  are o f t e n  a r b i -  

t r a r y  and a r e  n o t  uni formly a p p l i e d  th roughou t  t h e  coun t ry .  

The 85th  p e r c e n t i l e  is t h e  m o s t  h i g h l y  recommended c r i t e r i o n  

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

f o r  t h i s  method can be  found. 

The i n c o n s i s t e n c i e s ,  c o n t r a d i c t i o n s ,  and gaps i n  our  c u r -

r e n t  body of knowledge concern ing  speed  and its c o n t r o l ,  i n d i -

c a t e  t h a t  a l o g i c a l  approach t o  t h e  problem needs  t o  answer 

t h e s e  q u e s t i o n s :  F i r s t ,  is speed  a  problem? Second, does  

speed need t o  b e  c o n t r o l l e d ?  T h i r d ,  i f  speed  s h o u l d  be regu-

l a t e d ,  a r e  speed l i m i t s  t h e  b e s t  method f o r  i t s  c o n t r o l ?  And 

f o u r t h ,  if speed l i m i t s  a r e  t h e  b e s t  s o l u t i o n  t o  t h e  speed 

problem, how can they  be  m o s t  e f f e c t i v e l y  implemented? 

American s o c i e t y  h a s  a l r e a d y  adjudged speed  t o  be a prob-

l e m  and dec ided  t h a t  it must b e  c o n t r o l l e d .  Now, it is  t h e  

r o l e  of r e s e a r c h  t o  p u t  t h e  speed problem i n t o  p e r s p e c t i v e ,  

t o  determine  t h e  r o l e  speed p l a y s  i n  a c c i d e n t  c a u s a t i o n ,  t o  

prove  t h a t  speed l i m i t s  a r e  an e f f e c t i v e  s o l u t i o n  t o  t h e  prob- 

l e m  o r  t o  f i n d  a  more adequa te  a l t e r n a t i v e ,  and t o  deve lop  

j u s t i f i e d  methods of  implementing t h e  s o l u t i o n .  



4.0  	 GLOSSARY 

Sources f o r  t h i s  g lossary were: 

I .  	 TRAFFIC E N G I N E E R I N G  HANDBOOK, Third E d i t i o n ,  
I n s t i t u t e  of T r a f f i c  Engineers:  Washington, 
D . C . ,  1965. 

11. 	 DICTIONARY O F  HIGHWAY TRAFFIC, J .  Stannard 
Baker and William R. S tebbins .  Jr.  . T r a f f i c  
I n s t i t u t e ,  Northwestern unive;sity : Evanston , 
I l l i n o i s ,  1960. 

111. 	 TRAFFIC ENGINEERING,  T.M. Matson, W .S. Smith,  
and F.W. Hurd, McGraw-Hill Book Co.: New York, 

I V .  	 MATHEMATICS DICTIONARY, Second Ed i t i on ,  Glenn 
James and Robert C .  James, e d i t o r s ,  D. Van 
Nostrand Company, Inc . :  P r ince ton ,  New J e r s e y ,  
1959. 

abso lu te  speed l i m i t :  " a  speed above which it is  always i l l e -  
g a l  t o  d r ive . "  Also known a s  a maximum lawful  
l i m i t .  ( I ,  p. 538) 

advisory speed l i m i t :  t h e  maxrmum s a f e  speed t h a t  i s  posted 
below a warning s ign .  " I n  most s t a t e s ,  t h e  ad- 
v i so ry  speeds a r e  no t  l e g a l l y  enforceab le ,  b u t  
i n  some c o u r t s  v i o l a t i o n  of t h e  advisory speeds 
is  admiss ible  a s  evidence t h a t  t h e  d r i v e r  was 
opera t ing  i n  a r e c k l e s s  manner." ( I ,  p. 541) 

average o v e r a l l  speed: "The average of t h e  o v e r a l l  speeds  
of a l l  v e h i c l e s  on a given roadway dur ing  a 
s p e c i f i e d  per iod  of t i m e .  " (11, p. 12) 

average o v e r a l l  t r a v e l  speed: "The sum of d i s t a n c e s  d iv ided  
by the  sum of o v e r a l l  t r a v e l  t imes ( a  space- -
mean 	speed) . "  (1, p. 159) 

average spo t  speed: "The a r i t h m e t i c  mean of t h e  speeds of 
a l l  t r a f f i c ,  o r  component t h e r e o f ,  a t  a spec i -
f i e d  po in t . "  ( I ,  p. 159) 

c r i t i c a l  approach speed: "At an i n t e r s e c t i o n ,  t h a t  speed above 
which a veh ic l e  does n o t  have s u f f i c i e n t  d i s tance  
t o  s t o p  i n  time t o  avoid c o l l i s i o n  with  another  
veh ic l e  approaching t h e  i n t e r s e c t i o n  on t h e  cross 
s t r e e t  ." (11, p. 3 9 )  



c r i t i c a l  speed (on cu rve ) :  "The speed above which a v e h i c l e  
w i l l  s l i d e  o f f  t h e  curve r a t h e r  than  fol low 
around i t . "  (11, Po  40) 

design speed: (of highway) : "A speed s e l e c t e d  f o r  purposes 
of des ign and c o r r e l a t i o n  of t hose  f e a t u r e s  of 
a highway, such a s  curva ture ,  s u p e r e l e v a t i o n ,  
and s i g h t  d i s t a n c e ,  upon which t h e  s a f e  opera- 
t i o n  of v e h i c l e s  is dependent. I t  is  t h e  high- 
e s t  continuous speed a t  which i n d i v i d u a l  ve- 
h i c l e s  can t r a v e l  wi th  s a f e t y  upon a highway 
when weather condi t ions  are f avo rab le , t r a f f i c  
d e n s i t y  is low, and t h e  design f e a t u r e s  of t h e  
highway a r e  t h e  governing cond i t i ons  f o r  
s a f e t y . "  ( I f ,  p. 48) 

85 th-percen t i l e  speed: "That speed a t  o r  below which 85 per-  
cen t  of v e h i c l e s  t r a v e l . "  (11, p. 68) [The 
xth p e r c e n t i l e  would a l s o  havea -co r r e spond ing  
d e f i n i t i o n .  I 

free-moving.vehicle: "One i n  which t h e  d r i v e r  i s  n o t  re -
s t r i c t e d  i n  s e l e c t i n g  h i s  speed by o t h e r  ve-
hicles.. .Some observers  c l a s s i f y  a free-moving 
veh ic l e  a s  one which has no t  less than  6 - 9 
sec .  headway from t h e  v e h i c l e  ahead of it and 
is  making no apparent  e f f o r t  t o  ove r t ake  and 
pass t h e  veh ic l e  ahead of i t . "  ( I ,  p. 539) 

headway: "The t i m e  i n t e r v a l  between passages of  consecut ive  
veh ic l e s  measured from head t o  head,  moving i n  
t h e  same d i r e c t i o n  a s  they pass  a  given po in t . "  
1 1  p. 9 o r  "The d i s t a n c e ,  measured f r o n t  
t o  f r o n t ,  between consecut ive  v e h i c l e s . "  
(11, P- 9 2 )  

maximum- lawful  l i m i t :  " a  speed above which it is  always i l le -
g a l  t o  d r ive . "  Also known a s  an a b s o l u t e  speed 
l i m i t .  ( I ,  p. 538) 

median speed (of t r a f f i c ) :  "That speed below which 50 pe rcen t  
and above which 50 percen t  of t h e  speeds  oc- 
cur red ."  (11, p. 128) [ t h e  50th p e r c e n t i l e ]  

modal average: " t h a t  speed a t  which t h e  g r e a t e s t  number of 
veh ic l e s  t r a v e l . "  (111, p. 51) 



nominal speed (of t r a f f i c ) :  " A  running speed a t  which  driver' 
opera te  on a given s e c t i o n  of highway i n  t h e  ab-
sence of t r a f f i c  i n t e r f e r e n c e . "  (11, p. 1 4 0 )  

opera t ing  speed: "The h ighes t  o v e r a l l  speed exc lus ive  of 
s tops  a t  which a d r i v e r  can t r a v e l  on a given 
highway under p r e v a i l i n g  condi t ions  wi thout  a t  
any t i m e  exceeding the  design speed. " 
(11, p. 151) 

optimum speed: "The average speed a t  which  t r a f f i c  must move 
when t h e  volume i s  a t  a  maximum on a given road- 
way. An average speed e i t h e r  apprec iab ly  higher  
o r  lower than t h e  optimum w i l l  r e s u l t  i n  a re-
duct ion i n  volume." (11, p. 152) 

o v e r a l l  t r a v e l  speed: "The speed over a s p e c i f i e d  s e c t i o n  of 
highway, being the  d i s t a n c e  divided by o v e r a l l  
t r a v e l  t i m e . .  ." ( I , .p. 159) 

o v e r a l l  t r a v e l  t i m e :  "The t o t a l  t i m e  of t r a v e l ,  i nc lud ing  
s tops  and de lays ,  except  t hose  of f  t he  t r a v e l e d  
way ..." ( I ,  p. 159) 

pace of t r a f f i c :  " t h e  range of speed which  inc ludes  t h e  
g r e a t e s t  number of v e h i c l e s  f o r  some nominal 

' increment i n  speed,  u sua l ly  1 0  mph." (111, p. 5 

prima f a c i e  speed l i m i t :  " a  speed above which t h e  d r i v e r  is 
presumed t o  be d r i v i n g  unlawfully bu t  i f  charged 
with  exceeding i t ,  a d r i v e r  may show cause t o -
prove t h a t  h i s  speed was s a f e  f o r  cond i t i ons  
and, t h e r e f o r e ,  t h a t  he  was no t  g u i l t y  o f  a 
speed v i o l a t i o n . "  ( I ,  p.  538) 

running speed: "The speed over  a s p e c i f i e d  s e c t i o n  of high-
way, being t h e  d i s t a n c e  d iv ided  by running t i m e  ..." ( I ,  pp. 159, 161) 

running t i m e :  "The t i m e  t h e  v e h i c l e  is i n  motion.. ." (I ,  p.  

skew d i s t r i b u t i o n :  "A non-symmetrical d i s t r i b u t i o n .  A d i s -
t r i b u t i o n  is skewed t o  t h e  l e f t  ( r i a h t )  i f  t h e  
longer  t a i l  is on t h e  l e f t  ( r i g h t )  1 a l s o  c a l l e d  
nega t ive  ( p o s i t i v e )  skewness..." (IV, p. 1 2 6 )  

space-mean speed: "The speed corresponding t o  t h e  average 
of o v e r a l l  t r a v e l  t i m e s  o r  running t i m e s  over  a 
s p e c i f i e d  s e c t i o n  of highway." ( I ,  p .  161) 



spot  speed: "The speed of a v e h i c l e  as it passes  a spot  or 
point  on a street or  highway." ( I ,  p .  159 )  

ten-mile-per-hour pace: "The 10-mph speed range containing 
the  l a r g e s t  percentage of v e h i c l e s  i n  a sample 
of spot  speeds ."  ( I ,  p.  159) 

time-mean speed: "The average of  spot  speeds of indiv idual  
o v e r a l l  t r a v e l  speed values  .I' ( I ,  p .  161) 
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