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ABSTRACT 

The purpose of  t h i s  s tudy  was t o  de f i ne  t h e  r e l a t i o n s h i p  between 

s i g n  luminance and l e g i b i l i t y  i n  a  way t h a t  wou ld  a s s i s t  i n  s e l e c t i n g  

optimum m a t e r i a l  cho ices  f o r  v a r i o u s  s i g n i n g  a p p l i c a t i o n s  as w e l l  as 

a i d  i n  d e c i s i o n s  concern ing  maintenance and rep1 acement. 

A  l a b o r a t o r y  s t u d y  was c a r r i e d  o u t  t o  d e f i n e  t h e  e f f e c t s  o f  l u m i -  

nance, c o n t r a s t ,  c o l o r  and d r i v e r  v i s u a l  c h a r a c t e r i s t i c s  on l e g i  b i  1  i t y  

d i s t a n c e .  A t  t h e  same t i m e  a  computer model was developed which  c o u l d  

p r e d i c t  t h e  l e g i b i l i t y  d i s t a n c e  o f  a  s i g n ,  based on t h e  l a b o r a t o r y  

d a t a  as w e l l  as geomet r i c  and p h o t o m e t r i c  v a r i a b l e s .  A  f i e l d  s t u d y  

was then  conducted i n  wh ich  l e g i b i l i t y  d i s t a n c e  p r e d i c t e d  by  t h e  model 

was compared w i t h  l e g i b i l  i t y  d i s t a n c e  measured on a  number o f  r e a l  

and s i m u l a t e d  s i g n s  u s i n g  a  sample o f  normal d r i v e r s .  I n  genera l ,  t h e  

model ' s  p r e d i c t i o n s  were w i t h i n  10% o f  t h e  measured l e g i b i l i t y  d i s -  

tances.  

Data have been developed wh ich  show g r a p h i c a l l y  t h e  r e l a t i o n s h i p  

between l e g i  b i  1 i t y  d i s t a n c e  and t h e  p h o t o m e t r i c  p r o p e r t i e s  o f  back- 

ground and legend m a t e r i a l  s .  I n  genera l  , more h i g h l y  r e f l e c t i v e  

backgrounds p e r m i t  somewhat g r e a t e r  1  e g i  b i  1  i t y  d i s t a n c e s  . Perhaps 

more i m p o r t a n t ,  r e f l e c t o r i z e d  backgrounds reduce t h e  e f f e c t  o f  changes 

i n  v i e w i n g  c o n d i t i o n s ,  wh ich  can be q u i t e  s u b s t a n t i a l  i n  t h e  case o f  a  

n o n - r e f l e c t i v e  background. The c o n t r a s t  p r o v i d e d  by t h e  l egend  i s  

v e r y  i m p o r t a n t .  The optimum c h o i c e  o f  legend depends on t h e  r e f l e c -  

t i v i t y  o f  t h e  background and t h e  s i g n  l o c a t i o n .  Luminance c o n t r a s t  

requ i remen ts  a r e  l o w e s t  f o r  h i g h l y  r e f l e c t i v e  backgrounds and i n c r e a s e  

as background r e f l e c t i v i t y  decreases.  



SUMMARY OF FINDINGS 

The purpose o f  t h i s  p r o j e c t  was t o  deve lop l e g i b i l i t y  g u i d e l i n e s  

wh ich  would a i d  t r a f f i c  eng ineer ing  agencies i n  d e c i s i o n s  r e l a t i n g  t o  

t h e  s e l e c t i o n ,  maintenance and eventua l  rep1 acement o f  r e t r o r e f l  ec-  

t i v e  s i g n i n g  m a t e r i a l s .  

There a r e  a  number o f  f a c t o r s  wh ich  e n t e r  i n t o  d e c i s i o n s  con- 

c e r n i n g  t h e  s e l e c t i o n  o f  s i g n i n g  m a t e r i a l s .  Most o f  these a r e  w e l l  

known and q u a n t i f i e d  t o  a  g r e a t e r  o r  l e s s e r  e x t e n t .  Examples a r e :  

i n i t i a l  c o s t ,  expected 1  i f e ,  1  uminance p r o p e r t i e s ,  and maintenance 

r e q u i  rements. One s i g n i f i c a n t  f a c t o r  about  which n o t  enough in fo rma-  

t i o n  i s  a v a i l a b l e  i s  t h e  r e l a t i o n s h i p  between luminance p r o p e r t i e s  

and l e g i b i l i t y .  T h i s  p r o j e c t  was designed t o  p r o v i d e  t h e  r e q u i r e d  

i n f o r m a t i o n .  

The gu ide1 ines  developed by t h e  p r o j e c t  depend on t h e  c o n t r a s t  

d i r e c t i o n  ( w h i t e  o r  b l a c k  l egend) .  Signs w i t h  w h i t e  legends s h a l l  

be cons idered f i r s  t . 
For  w h i t e  legend s i g n s  b o t h  legend and background luminance a r e  

i m p o r t a n t .  Thus, c o n f i g u r a t i o n s  where t h e  1  egend i s  separa te  ( n o t  

s i  1  k-screened) p r o v i d e  g r e a t e r  f l e x i  b i  1  i t y  , and comp lex i t y .  The 

f o l l o w i n g  d i s c u s s i o n  o f  w h i t e  legend s igns  i s  most a p p l i c a b l e  t o  

those w i t h  separa te  legends.  However, s p e c i f i c  c o n s i d e r a t i o n  s h a l l  

a1 so be g i v e n  t o  s i  1  k-screened s i g n s .  

The r e s u l t s  o f  t h e  p r o j e c t  i n d i c a t e  t h a t  any s i g n  background 

m a t e r i a l  i n  use today,  o r  l i k e l y  t o  be a v a i l a b l e  i n  t h e  near  f u t u r e ,  

can p r o v i d e  s a t i s f a c t o r y  l e g i  b i  1  i ty.  H i g h l y  r e f l e c t i v e  m a t e r i a l s  

have t h e  p o t e n t i a l  (depending on t h e  cho ice  o f  legend m a t e r i a l )  o f  

p r o v i d i n g  somewhat g r e a t e r  l e g i b i l i t y  d i s t a n c e  than  o t h e r s ,  b u t  t h e  

d i f f e r e n c e  i s  n o t  g r e a t  (abou t  l o % ,  comparing h i g h l y  r e f l e c t i v e  and 

n o n - r e f l e c t i v e  o p t i o n s ) .  Perhaps o f  g r e a t e r  consequence i s  t h e  f a c t  

t h a t  t h e  l e g i b i  1  i t y  c h a r a c t e r i s t i c s  o f  n o n - r e f l e c t i v e  and low-  

r e f l e c t i v e  background s igns  change a  g r e a t  dea l  more, depending on 



t h e  headlamp beam be ing  used o r  t h e  amount o f  s t ream t r a f f i c ,  t han  do 

t h e  l e g i b i l i t y  c h a r a c t e r i s t i c s  o f  modera te ly  and h i g h l y  r e f l e c t i v e  

s i g n s .  For example, i f  two s i g n s  were p laced  s i d e  by s i d e ,  one hav ing  

a  n o n - r e f l e c t i v e  and t h e  o t h e r  a  h i g h l y  r e f l e c t i v e  background, t h e i r  

l e g i b i l i t y  d i s t a n c e s  would p robab ly  n o t  d i f f e r  by more than  10% when 

viewed under des ign c o n d i t i o n s  ( e .  g  . , i s o l a t e d  c a r ,  1  ow beams). 

However, i f  t h e  approach ing c a r  were u s i n g  h i g h  beams, t h e  l e g i b i l i t y  

o f  t h e  two s igns  wou ld  change s i g n i f i c a n t l y ,  and i n  o p p o s i t e  d i r e c -  

t i o n s .  The d i s t a n c e  a t  wh ich  t h e  s i g n  w i t h  t h e  n o n - r e f l e c t i v e  back- 

ground c o u l d  be r e a d  would decrease (due t o  excess i ve  legend luminance 

c o n t r a s t )  w h i l e  t h e  d i s t a n c e  a t  wh ich  t h e  s i g n  w i t h  t h e  h i g h l y  r e f l e c -  

t i v e  background c o u l d  be read  would  i nc rease .  The l e g i  b i l  i t y  d i s t a n c e  

d i f f e r e n c e  under these c o n d i t i o n s  c o u l d  w e l l  be 30% o r  more. 

I f  an agency wishes t o  s e t t l e  on one m a t e r i a l  combinat ion  f o r  

a1 1  s i g n i n g ,  t h e  c h a r a c t e r i s t i c  o f  background r e f l e c t i v i t y  j u s t  

desc r ibed  i s  o f  cons i  de rab l  e  impor tance.  Bas i  c a l  l y  , i t  means t h a t  

g r e a t e r  l e g i b i l i t y  d i s t a n c e s  w i l l  be ach ieved (on a  system-wide average) 

th rough  use o f  backgrounds hav ing  moderate t o  h i g h  l e v e l s  o f  r e f l e c -  

t i v i t y .  A l t e r n a t i v e l y ,  i t  means t h a t  t h e  use o f  n o n - r e f l e c t i v e  back- 

grounds r e q u i r e s  i 1  l u m i n a t i o n  o r  l a r g e r  legend s i z e s  t o  equal  t h e  

performance o f  s igns  hav ing  a t  l e a s t  moderate l e v e l s  of  r e f l e c t o r i z a -  

t i o n .  

The most i m p o r t a n t  f a c t o r  a f f e c t i n g  t h e  l e g i b i l i t y  o f  w h i t e  

l e t t e r  s i g n s  i s  legend luminance c o n t r a s t .  Having chosen a  background 

m a t e r i a l ,  t h e  legend m a t e r i a l  must  be s e l e c t e d  w i t h  c a r e  t o  maximize 

t h e  l e g i b i l i t y  p o t e n t i a l  o f  t h e  s i g n .  I t  i s  p o s s i b l e  t o  s e l e c t  

m a t e r i a l s  which a r e  t o o  r e f l e c t i v e  o r  n o t  r e f l e c t i v e  enough. The l u m i -  

nance c o n t r a s t  r e q u i  r e d  depends on t h e  background 1  uminance, be ing  

l e a s t  f o r  h i g h l y  r e f l e c t i v e  backgrounds and g r e a t e s t  f o r  n o n - r e f l e c t i  ve 

backgrounds. As i t  happens, t h e  r a t i o s  work o u t  t o  a  f a i r l y  narrow 

s e l e c t i o n  o f  m a t e r i a l s ,  a t  l e a s t  f o r  t h e  s i n g l e  c a r ,  low beam c o n d i t i o n .  

Thus, on overhead s igns ,  b u t t o n  legends a r e  most e f f e c t i v e ,  f o r  any 

background. On ground mount s i g n s ,  h i g h l y  r e f l e c t i v e  s h e e t i n g  legends 



a r e  most e f f e c t i v e ,  except  when t h e  background i s  made o f  t h i s  

m a t e r i a l ,  i n  wh ich  case b u t t o n s  a r e  p r e f e r r e d .  

S i l k  screened w h i t e  legend s igns  p r e s e n t  a  s p e c i a l  problem 

because h i g h  l e v e l s  o f  c o n t r a s t  can o n l y  be ach ieved by u s i n g  a  l e s s  

t r a n s p a r e n t  i n k  and darken ing t h e  background. Where consp icu i  t y  i s  

i m p o r t a n t  (as i t  g e n e r a l l y  i s ,  e s p e c i a l l y  i n  r e d  background s i g n s )  

t h i s  i s  an u n d e s i r a b l e  t r a d e - o f f .  H i g h l y  r e f l e c t i v e  m a t e r i a l s  enab le  

l ower  c o n t r a s t  r a t i o s  and b r i g h t e r  and more conspicuous backgrounds. 

For  s igns  hav ing a  w h i t e  legend and b l a c k  background o r  a  b l a c k  

legend and a  w h i t e ,  y e l l o w  o r  orange background, l e g i b i l i t y  i s  d e t e r -  

mined by t h e  luminance o f  t h e  b r i g h t e r  p o r t i o n .  Fo r  any o f  t hese  

combinat ions  a  luminance i n  t h e  range o f  1-5 f t - L  (3.43-17.1 cd/m2) 

i s  b e s t .  When such s i g n s  a r e  p o s i t i o n e d  on o r  c l o s e  t o  t h e  r o a d  s u r -  

face t h e  use o f  h i g h l y  r e f l e c t i v e  m a t e r i a l s  may degrade l e g i b i l i t y  t o  

some e x t e n t .  Where a t t e n t i o n - g e t t i n g  p r o p e r t i e s  a r e  o f  p r ime i n t e r e s t  

such m a t e r i a l s  may s t i  11 be i n d i c a t e d  however, and t h e  l o s s  o f  l e g i -  

b i  1  i t y  can e a s i l y  be c o r r e c t e d  by u s i n g  a  l a r g e r  legend.  

D i f f e r e n c e s  i n  l e g i b i l i t y  as a  f u n c t i o n  o f  s i g n  c o l o r  a r e  

m in ima l .  W i t h i n  a  g i v e n  c o n t r a s t  d i r e c t i o n ,  i t  i s  p o s s i b l e  t o  p r e -  

d i c t  t h e  r e l a t i v e  performance o f  v a r i o u s  m a t e r i a l  o p t i o n s  equal l y  

w e l l  from t h e  i n d i v i d u a l  da ta  on any c o l o r .  

The luminance o f  t h e  environment w i t h i n  which a  s i g n  i s  p laced  

a l s o  has an e f f e c t  on l e g i b i l i t y .  B a r r i n g  t h e  presence o f  g l a r e  

sources near  t h e  s i g n ,  h i g h e r  sur round 1  uminance improves l e g i  b i  1  i t y  

and reduces t h e  e f f e c t s  o f  excess ive  legend luminance. Thus, t h e  same 

s i g n  c o u l d  be read  a t  a  g r e a t e r  d i s t a n c e  i f  p laced  i n  a  h i g h l y  i l l u m i -  

na ted  urban environment r a t h e r  than i n  a  dark  r u r a l  environment.  

The " l e g i b i l i t y  d i s t a n c e "  o f  a  highway s i g n  i s  determined i n  

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

was hoped t h a t  t h i s  p r o j e c t  c o u l d  genera te  data  wh ich  wou ld  make i t  

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

l a t i o n .  Th is  t u r n e d  o u t  t o  be a  complex problem. What was found was 



t h a t  t h e  usua l  d r i v e r  v i s u a l  sc reen ing  t e s t  i s  n o t  a  r e l i a b l e  p r e -  

d i c t o r  even o f  t h e  a b i l i t y  t o  r e a d  road  s i g n s .  Other  v a r i a b l e s ,  

some o f  which have been l i t t l e  s t u d i e d ,  a r e  q u i t e  i m p o r t a n t .  The n e t  

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

r e a d  road  s i g n s  i s  unknown, so p r e d i c t i o n  o f  t h e  l e g i b i l i t y  a f f o r d e d  

t o  s p e c i f i e d  f r a c t i o n s  o f  t h e  d r i v e r s  on t h e  r o a d  i s  somewhat 

u n c e r t a i n .  What can be o f f e r e d  i s  a  r e l a t i v e  e v a l u a t i o n  o f  v a r i o u s  

s i g n i n g  m a t e r i a l  o p t i o n s ,  and t h i s  i s  what has been p r o v i d e d  i n  t h i s  

r e p o r t .  



CHAPTER 1 - INTRODUCTION AND RESEARCH APPROACH 

Statement o f  t h e  Problem: The aims o f  t h i s  p r o j e c t  a r e  w e l l  

desc r ibed  by t h e  t i t l e :  "Determine t h e  Luminous Requirements o f  

R e t r o r e f l e c t i v e  S ign ing  M a t e r i a l s . "  Road s i g n s ,  even e x c l u d i n g  

c o n s i d e r a t i o n  o f  t h e  suppor t  s t r u c t u r e ,  r e p r e s e n t  a  tremendous c a p i -  

t a l  investment  t o  t h e  v a r i o u s  j u r i s d i c t i o n s  wh ich  must e r e c t  and 

m a i n t a i n  them. It i s  an area where c a r e f u l  c o n s i d e r a t i o n  o f  c o s t -  

e f f e c t i v e n e s s  has t h e  p o t e n t i  a l  f o r  s u b s t a n t i a l  sav ings.  Avai l a b 1  e  

m a t e r i a l s  d i f f e r  w i d e l y  i n  i n i t i a l  c o s t ,  d u r a b i l i t y ,  and maintenance 

problems, a l l  o f  which a r e  p e r t i n e n t  t o  a  c o s t - e f f e c t i v e n e s s  a n a l y s i s .  

They a l s o  d i f f e r  i n  pho tomet r i c  p r o p e r t i e s .  There can be no q u e s t i o n  

t h a t  t h e  luminous c h a r a c t e r i s t i c s  of a  s i g n  have an e f f e c t  on i t s  

l e g i b i l i t y  and, t h e r e f o r e ,  on i t s  most i m p o r t a n t  f u n c t i o n ,  t h e  t r a n s -  

m i s s i o n  o f  i n f o r m a t i o n .  M i s s i n g  a t  p resen t  i s  t h e  k i n d  o f  da ta  wh ich  

would a l l o w  t h e  eng ineer  t o  i n c l u d e  luminous requ i rements  i n  a  c o s t -  

e f fec t i veness  a n a l y s i s .  Th i s  p r o j e c t  was designed t o  p r o v i d e  such 

data .  

Background. As p a r t  o f  t h i s  e f f o r t  a  d e t a i l e d  r e v i e w  o f  t h e  

1  i t e r a t u r e  was undertaken.  The rev iew  i s  presented as Appendix A o f  

t h i s  r e p o r t .  There have been a  s u b s t a n t i a l  number of i n v e s t i g a t i o n s  

which have a t tempted t o  r e l a t e  s i g n  luminance and l e g i b i l i t y  charac-  

t e r i s t i c s .  Many o f  t hese  s t u d i e s  have been c a r e f u l l y  done and have 

y i e l d e d  u s e f u l  i n f o r m a t i o n .  However, as p o i n t e d  o u t  i n  t h e  rev iew  

summary, ve ry  few s t u d i e s  have d e a l t  w i t h  cases where b o t h  legend and 

background have s i g n i f i c a n t  1  uminance, o r  cons idered d i f f e r e n t  back- 

ground c o l o r s ,  o r  p resented b o t h  pho tomet r i c  and s u b j e c t  response data  

i n  a  way which was adequate ly  q u a n t i t a t i v e .  The two s t u d i e s  which do 

meet these c r i t e r i a  p resen t  somewhat d i f f e r e n t  recommendations. It i s  

apparent  t h a t  f u r t h e r  work i s  r e q u i r e d  before t h e  i s s u e  can be ade- 

q u a t e l y  r e s o l  ved. 



RESEARCH APPROACH 

INTRODUCTION 

The aim o f  t h i s  i n v e s t i g a t i o n  was t o  p r o v i d e  i n f o r m a t i o n  r e l a t i n g  

s i g n  luminance t o  l e g i b i l i t y  i s  such a  way t h a t  t h e  eng ineer  c o u l d  

r e a d i  l y  weigh t h e  m e r i t s  o f  v a r i o u s  m a t e r i a l  combinat ions .  F u r t h e r ,  

i t  shou ld  be p o s s i b l e  t o  use these  da ta  w i t h o u t  h a v i n g  t o  a c q u i r e  

s p e c i a l  i n s t r u m e n t s  and/or  l a b o r a t o r y  f a c i  1  i t i e s  o r  make p h o t o m e t r i c  

measurements i n  t h e  f i e l d .  

Even b r i e f  c o n s i d e r a t i o n  o f  t h e  prob lem posed i n  t h i s  s tudy  

makes i t  apparent  t h a t  t h e r e  a r e  a  l a r g e  number o f  p o t e n t i a l l y  impor -  

t a n t  v a r i a b l e s .  Tab le  1 i s  a  l i s t i n g  o f  t hose  v a r i a b l e s  wh ich  t h e  

au tho rs  f e e l  a r e  most s i g n i f i c a n t .  

An exper imen ta l  i n v e s t i g a t i o n  wh ich  gave reasonab le  c o n s i d e r a t i o n  

t o  a l l  o f  these v a r i a b l e s  wou ld  be i m p r a c t i c a l .  A g r e a t  s i m p l i f i c a t i o n  

c o u l d  be ach ieved by u s i n g  computer model i ng techn iques t o  c a l c u l a t e  

s i g n  luminance g i v e n  t h e  p h o t o m e t r i c  p r o p e r t i e s  o f  t h e  m a t e r i a l s  and 

s p e c i f i c a t i o n s  f o r  v a r i a b l e s  6 th rough  9  above. The i d e a  i s  n o t  new. 

A n a l y t i c a l  approaches have been desc r ibed  by S t raub  and A l l e n  (1956) ,  

E l s t a d ,  e t  a l .  (1962) ,  and K ing and Lunenfe ld  (1971) .  F u r t h e r ,  computer 

models have been used i n  a  number o f  o t h e r  s i t u a t i o n s  t o  hand le  complex 

geomet r i c  problems w i t h  a  h i g h  degree o f  success. 

T y p i c a l l y ,  v a r i a b l e s  such as 1 th rough  5 have been s t u d i e d  i n  

f u l l  s c a l e  ou tdoor  s i m u l a t i o n s .  Wh i le  t h i s  adds t o  t h e  c r e d i b i l i t y  o f  

t h e  r e s u l t s ,  t h e  process i s  s low, expens ive  and l a c k i n g  i n  p r e c i s e  

c o n t r o l  o f  v a r i a b l e s .  I t  was dec ided t o  use a  l a b o r a t o r y  s i m u l a t i o n  

i n s t e a d ,  w i t h  a  f i e l d  s t u d y  r e s e r v e d  f o r  purposes o f  v a l i d a t i o n .  

F i n a l l y ,  i t  was necessary  t o  d e v i s e  a f o r m a t  f o r  p r e s e n t a t i o n  o f  

t h e  f i n a l  r e s u l t s  wh ich  wou ld  be u s e f u l  t o  t r a f f i c  eng ineers .  

L a b o r a t o r y  Study 

The l a b o r a t o r y  s t u d y  i s  d e s c r i b e d  i n  d e t a i l  i n  Appendix 6. The 



T A B L E  1. Listing of Variables Significantly Influencing the 
Luminance of Retrorefl ective Signs 

1 Sign 

1 Sign 
I 

Description 1 
1 

Sign 

1 I Sign i 1 Background Reflectivity 

Number 

1 Legend Reflectivity 
I 

Source 

I Background Color I 
I 

Placement (vertical  and  horizontal ) 1 relative t o  the roadway 
I 

I 
5 I Environment I Luminance of the environment within 

i I i which the sign i s  place (surround 
1 I 

I 
I i / luminance)  

Environment I Road alignment in the approach t o  

I the sign 

Car 
I 

Headlight characteristics 1 (photometry and aim) of the vehicle 
; providing the i  11 umi nance 

1 Car 
I 
i 

I Position of the car on the road 
I ( lane position a n d  distance from 
i the sign) I 

I 1 
1 9  

I 

i ; Observer Observer visual characteristics i 



i n t e n t  was t o  c o l l e c t  a s u b s t a n t i a l  amount o f  i n f o r m a t i o n  on t h e  

e f f e c t  o f  v a r i a b l e s  1 th rough  5 on a  smal l  sample o f  c a r e f u l l y  s e l e c t e d  

s u b j e c t s .  To do t h i s  an appara tus  was dev i sed  which  was a  m o d i f i c a t i o n  

of one desc r ibed  by H i l l s  and Freeman (1970) .  Th is  i s  a  s i m p l e  o p t i c a l  

d e v i c e  wh ich  p e r m i t s  independent c o n t r o l  o f  t h e  background and legend 

luminance o f  a  s i m u l a t e d  s i g n  th rough  a  broad range o f  va lues .  Back- 

ground and legend c o l o r s  can be r e a d i l y  changed and bo th  p o s i t i v e  and 

n e g a t i v e  c o n t r a s t s  i n v e s t i g a t e d .  T h i s  u n i t  was used t o  measure t h e  

l e g i b i l i t y  th resh01 d  o f  v a r i o u s  s i z e  Land01 t "C" legends as a  func -  

t i o n  o f  background c o l o r  and background, legend and su r round  1  uminance. 

A g lance l e g i b i  1  i t y  c r i t e r i o n  was used. Three groups o f  s u b j e c t s  

p a r t i c i p a t e d .  The main group c o n s i s t e d  of young peop le  w i t h  normal 

v i s i o n .  The members o f  t h e  second group were a l s o  young, b u t  had 

r e l a t i v e l y  poor  l o w - c o n t r a s t  f a r  a c u i t y .  The t h i r d  group c o n s i s t e d  

o f  persons 65 y e a r s  o f  age o r  o l d e r  who had normal v i s i o n .  The r e s u l t s  

o f  t h i s  i n v e s t i g a t i o n  d e f i n e d  t h e  r e l a t i o n s h i p  between 1  uminance and 

c o l o r  parameters i n  terms o f  l e g i b i l i t y  d i s t a n c e ,  and were used as 

i n p u t s  t o  t h e  l e g i b i l i t y  d i s t a n c e  model. 

L e g i b i  1  i t y  D is tance  Model 

A more complete d e s c r i p t i o n  o f  t h i s  model i s  p r o v i d e d  i n  Appendix 

D. 

As a  means o f  e v a l u a t i n g  t h e  e f f e c t i v e n e s s  o f  au tomot i ve  head- 

1 i g h t i n g  systems, H S R I  had developed a  computer see ing  d i s t a n c e  model 

wh ich  performed c a l c u l a t i o n s  o f  t h e  1  uminance and c o n t r a s t  o f  v a r i o u s  

roadway o b j e c t s  when i l l u m i n a t e d  by automobi le  headlamps. T h i s  model 

was m o d i f i e d  t o  permi t c o n s i d e r a t i o n  o f  r e t r o r e f l  e c t i v e  s i g n s .  Then, 

based on t h e  r e s u l t s  o f  t h e  l a b o r a t o r y  s tudy ,  i t  c o u l d  c a l c u l a t e  

l e g i b i l i t y  d i s t a n c e .  

Besides equa t ions  d e s c r i b i n g  obse rve r  response c h a r a c t e r i s t i c s ,  

t h e  model accepts  as i n p u t  parameters:  pho tomet r i c  p r o p e r t i e s  o f  t h e  

s i g n  m a t e r i a l s ,  s i g n  p o s i t i o n  r e l a t i v e  t o  t h e  roadway, r o a d  a l i gnmen t ,  



v e h i c l e  p o s i t i o n  on t h e  roadway, head1 i g h t  photometry ( f o r  r i g h t  and 

l e f t  lamps s e p a r a t e l y ) ,  and d r i v e r  eye p o s i t i o n .  

The i n t e n t  was t o  use t h e  model as a  means o f  deve lop ing  p r e -  

d i c t i v e  data  r e g a r d i n g  t h e  performance o f  v a r i o u s  s i g n i n g  m a t e r i a l s  

and s i t u a t i o n s  t o  meet t h e  c o n t r a c t  o b j e c t i v e s .  However, i t  was 

necessary t o  a s c e r t a i n  whether t h e  p r e d i c t i o n s  p r o v i d e d  were r e a l i s -  

t i c .  I n  o r d e r  t o  do t h i s  a  f i e l d  s tudy  was c a r r i e d  o u t .  

F i e l d  Val i d a t i o n  Study 

The f i e l d  v a l i d a t i o n  s tudy  i s  desc r ibed  i n  d e t a i l  i n  Appendix C.  

I t  was des igned t o  v e r i f y  t h e  accuracy o f  t h e  model and t o  determine 

what c o r r e c t i o n ,  i f  any, shou ld  be a p p l i e d  t o  t h e  l a b o r a t o r y  d a t a  t o  

t a k e  f i e l d  f a c t o r s  i n t o  account .  Two f i e l d  s t u d i e s  were conducted. 

One o f  t hese  was performed on a  p r i v a t e  road,  u s i n g  a r t i f i c i a l  s i g n s .  

The second was c a r r i e d  o u t  on a  l o c a l  f reeway,  u s i n g  e x i s t i n g  gu ide  

s igns .  The l e g i b i  1  i t y  d i s t a n c e s  measured were compared w i t h  p r e d i c -  

t i o n s  p r o v i d e d  by t h e  model. 

Development of P r e d i c t i v e  -- Data 

The l e g i  b i  1  i t y  d i s t a n c e  model was used t o  genera te  da ta  d e s c r i  b- 

i n g  t h e  r e l a t i o n s h i p  between t h e  pho tomet r i c  p r o p e r t i e s  o f  v a r i o u s  

m a t e r i a l  o p t i o n s  and l e g i b i  1  i t y  d i s t a n c e  f o r  s p e c i f i c  s i g n i n g  s i  t u -  

a t i o n s .  Checks were a l s o  r u n  t o  determine whether o t h e r  s i g n i n g  

s i t u a t i o n s  wou ld  y i e l d  d i f f e r e n t  r e s u l t s .  I f  they  d i d ,  a  complete 
s e t  of  p r e d i c t i v e  curves was generated f o r  these as w e l l .  

These f i g u r e  s e t s  were prepared i n  a  s u i t a b l e  fo rma t ,  a long  

w i t h  i n s t r u c t i o n s  and i 11 u s t r a t i v e  examples , t o  p r o v i d e  guidance t o  

t r a f f i c  eng ineers  i n  d e c i s i o n s  concern ing use o f  s i g n i n g  m a t e r i a l s .  





CHAPTER 2 - F I N D I N G S  

LABORATORY STUDY 

I n t r o d u c t i o n  

The l a b o r a t o r y  s tudy  was c a r r i e d  o u t  t o  measure t h e  e f f e c t  o f  

v a r i a b l e s  such as s i g n  luminance, c o l o r ,  and sur round luminance on 

t h e  a b i  1  i t y  o f  s u b j e c t s  hav ing  d i f f e r e n t  v i s u a l  c h a r a c t e r i s t i c s  t o  

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

R e s u l t s  

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

i n  Appendix B. These r e s u l t s  a r e  q u i t e  complex and o n l y  a  b r i e f  

summary w i  11 be o f f e r e d  here .  

S ign  Luminance. Both background and legend 1  uminance a r e  

i m p o r t a n t  f a c t o r s  i n  s i g n  l e g i b i l i t y .  For  s i g n s  w i t h  w h i t e  legends 

and r e d ,  b l u e ,  o r  green backgrounds t h e  f o l l o w i n g  genera l  r e l a t i o n -  

sh ips  were found:  

1. I n c r e a s i n g  background 1  uminance r e s u l t s  i n  some improve- 

ments i n  peak l e g i b i l i t y  p o t e n t i a l  o f  t h e  s i g n .  However, 

t h e  l e g i b i l i t y  a c t u a l l y  ach ieved depends l a r g e l y  on t h e  

1  egend 1  umi nance. 

2 .  I n c r e a s i n g  background 1  umi nance inc reases  t h e  range o f  

legend luminance a s s o c i a t e d  w i t h  maximum l e g i  b i  1  i t y  d i s t a n c e .  

3 .  Legend luminance c o n t r a s t  i s  ve ry  i m p o r t a n t .  Optimum con- 

t r a s t  depends on background luminance, be ing  l e a s t  a t  t h e  

h i g h e s t  l e v e l s  o f  background 1  uminance t e s t e d  and 

i n c r e a s i n g  s u b s t a n t i a l l y  a t  l ower  l e v e l s  o f  background 

1  umi nance. 

4. The use o f  h i g h l y  r e f l e c t i v e  background m a t e r i a l s  makes 

p o s s i b l e  somewhat g r e a t e r  l e g i b i l i t y  d i s t a n c e  and a l l o w s  

t h e  maximum t o  be ma in ta ined  th rough  a  g r e a t e r  range of  

v iew ing  c o n d i t i o n s  (e .g . ,  h i g h  and low beams and chnages i n  



t r a f f i c  d e n s i t y )  . As t h e  r e f l e c t i v i t y  o f  t h e  background 

m a t e r i a l  i s  decreased, t h e  maximum p o t e n t i a l  l e g i b i l i t y  

d i s t a n c e  decreases somewhat and t h e  range o f  v i e w i n g  

c o n d i t i o n s  assoc ia ted  w i t h  maximum l e g i b i l i t y  i s  a l s o  

decreased. Thus, whether t h e  s i g n  i s  viewed w i t h  h i g h  

o r  low beams, f o r  example, can have a s u b s t a n t i a l  e f f e c t  

i n  terms o f  l e g i b i l i t y  d i s t a n c e  w i t h  n o n - r e f l e c t i v e  o r  

l o w - r e f l e c t i v i  t y  background m a t e r i a l s  (un less  t h e  s i g n  

i s  i 1 1 umi na ted )  . 
For  s igns  hav ing  a b l a c k  legend and a w h i t e ,  y e l l o w ,  o r  orange 

background, o r  f o r  s igns  hav ing  a w h i t e  legend and a b l a c k  o r  non- 

r e f  1 e c t i  ve background, 1 e g i  b i  1 i t y  i s  determined by t h e  1 umi nance o f  

t h e  b r i g h t e r  component. For a1 1 these cases t h e  maximum l e g i b i l i t y  
2 occurs  i n  a luminance range o f  1-5 f t - L  (3.43-17.14 cd/m ) ,  f o r  a 

dark  sur round.  S ince t h e  optimum luminance range i s  f a i r l y  narrow 

f o r  such s i g n s ,  they  a r e  o b v i o u s l y  ve ry  much a f f e c t e d  by changes i n  

v iew ing  c o n d i t i o n s  such as d i f f e r e n t  headlamp beams. 

S ign Co lo r .  Green and b l u e  backgrounds y i e l d  about  t h e  same 

performance. Red, e s p e c i a l  l y  a t  l ower  1 uminance l e v e l s ,  seems t o  

r e q u i r e  more 1 uminance c o n t r a s t  t o  ach ieve t h e  same 1 e g i  b i  1 i t y  as 

green and b l u e .  B lack  backgrounds y i e l d  performance about  t h e  same 

as c o l o r e d  backgrounds a t  t h e  lowes t  luminance l e v e l s  t e s t e d .  White,  

orange, and ye1 low backgrounds d i f f e r  somewhat i n  t h e  1 uminance l e v e l s  

r e q u i r e d  f o r  a g i v e n  l e v e l  o f  performance. White i s  b e s t  i n  t h i s  

r e s p e c t ,  ye1 low poores t .  

Surround Luminance. I n c r e a s i n g  t h e  luminance o f  t h e  e n v i r o n -  

ment w i t h i n  which a s i g n  i s  p o s i t i o n e d  has two ma jo r  e f f e c t s :  

1. An i n c r e a s e  i n  t h e  d i s t a n c e  a t  wh ich t h e  s i g n  i s  l e g i b l e .  

2.  A r e d u c t i o n  i n  t h e  d e t r i m e n t a l  e f f e c t  o f  h i g h  legend 

luminance c o n t r a s t .  On a t y p i c a l  b r i g h t l y  1 i g h t e d  urban 

freeway, as an example, t h e  e f f e c t  o f  excess ive  l u m i -  

nance c o n t r a s t  woul d d i  sappear e n t i  r e l y .  



S u b j e c t  V i s u a l  C h a r a c t e r i s t i  cs.  There a r e  l a r g e  d i f f e r e n c e s  i n  

t h e  performance o f  d i f f e r e n t  s u b j e c t  g roup ings .  Sub jec ts  c l a s s i f i e d  

as hav ing  poor  l o w - c o n t r a s t  a c u i t y  r e q u i r e  abou t  t e n  t imes  t h e  legend 

luminance c o n t r a s t  t o  equal  t h e  performance o f  t h e  v i s u a l  normal 

group.  O l d e r  s u b j e c t s  (65 + ) ,  a l t h o u g h  matched i n  terms o f  v i s u a l  

a c u i t y  w i t h  t h e  younger s u b j e c t s ,  p e r f o r m  much more p o o r l y  i n  g e n e r a l .  

They r e q u i r e  s u b s t a n t i a l  l y  more luminance c o n t r a s t  t han  t h e  young 

normal group and have a  peak l e g i b i l i t y  d i s t a n c e  about  o n e - t h i r d  l e s s .  

FIELD VAL1 DATION STUDY 

I n t r o d u c t i o n  

The f i e l d  v a l i d a t i o n  s tudy  was c a r r i e d  o u t  p r i m a r i l y  t o  d e t e r -  

mine whether t h e  l e g i  b i  1  i ty  d i s t a n c e s  p r e d i c t e d  by t h e  computer model 

c o u l d  be ach ieved  i n  t h e  f i e l d .  An a d d i t i o n a l  a im was t o  measure 

what c o r r e c t i o n ,  i f  any, must  be a p p l i e d  t o  t h e  l a b o r a t o r y  da ta  t o  

compensate f o r  f i e l d  s tudy  procedures and changes i n  t h e  v i s u a l  t a s k .  

R e s u l t s  

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

i n  Appendix C.  There a r e  t h r e e  aspects  o f  these r e s u l t s  wh ich  w i l l  

be b r i e f l y  d i scussed  here ,  These a r e :  

P r e d i c t i v e  V a l i d i t y .  I n  t h e  f i r s t  phase ( r e f e r r e d  t o  as t h e  

a i r p o r t  s t u d y )  48 c o n d i t i o n s  were i n v e s t i g a t e d .  I n  26 o f  t hese  t h e  

d i  screpancy between measured and p r e d i  c t e d  1  e g i  b i  1  i t y  d i s t a n c e  was 

5% o r  l e s s .  I n  14 cases t h e  d i sc repancy  was between 5  and 10%. I n  

6  cases t h e  d i sc repancy  was between 10 and 20%. Only two cases were 

i n  e r r o r  by more than  20% (maximum - 25.6%).  Four of  t h e  l a r g e s t  

e r r o r s  were a s s o c i a t e d  w i t h  c o n d i t i o n s  c h a r a c t e r i z e d  by l ow  luminance 

c o n t r a s t ,  a  s i t u a t i o n  where r e l a t i v e l y  m ino r  v a r i a t i o n s  from t h e  

assumed s p e c i f i c  luminance c o u l d  produce a  s i g n i f i c a n t  change 

l e g i b i l i t y  d i s t a n c e .  

I n  t h e  second phase ( r e f e r r e d  t o  as t h e  f reeway s t u d y )  23 s igns  

were i n c l u d e d .  I n  12 cases t h e  d i sc repancy  between measured and 



p r e d i c t e d  l e g i b i l i t y  d i s t a n c e  was l e s s  than  10%. I n  8 cases t h e  

d i sc repancy  was between 10 and 15%. Only 3 cases were i n  e r r o r  by 

more than  20% (maximum - 23 .5%) .  

The r e s u l t s  o f  t h i s  s t u d y  i n d i c a t e  t h a t  t h e  computer model, com- 

b i n e d  w i t h  t h e  d a t a  f rom t h e  l a b o r a t o r y  s tudy ,  has a  h i g h  degree o f  

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

m e r i t s  o f  v a r i o u s  s i g n  m a t e r i a l  o p t i o n s .  

Comparison Between L a b o r a t o r y  and F i e l d  Resu l t s  . The l a b o r a t o r y  

da ta  (wh ich  r e p r e s e n t  app rox ima te l y  9 0 t h  p e r c e n t i  1  e  per formance)  com- 

p a r e  we1 1 w i t h  average ( a p p r o x i m a t e l y  50 th  p e r c e n t i l e )  performance i n  

t h e  f i e l d  s t u d y .  S imply  s t a t e d ,  t h i s  means t h a t  t h e  s u b j e c t s  were 

a b l e  t o  p e r f o r m  b e t t e r  i n  t h e  l a b o r a t o r y  s e t t i n g .  I n  o r d e r  t o  p r e -  

pa re  t h e  r e s u l t s  f o r  a  f i n a l  p r e s e n t a t i o n  t h e  d i s t r i b u t i o n  o f  d a t a  

f rom t h e  l a b o r a t o r y  s t u d y  must  be s h i f t e d  down t o  a l l o w  f o r  t h e  f i e l d  

e f f e c t  d e s c r i b e d  above. The o b j e c t i v e  i s  t o  have t h e  mean of t h e  

l a b o r a t o r y  d a t a  cor respond t o  t h e  mean o f  t h e  f i e l d  da ta .  

V i s u a l  C r i t e r i o n .  The two f i e l d  s t u d i e s  used d i f f e r e n t  p e r -  

formance measures: a c u i t y  i n  t h e  case o f  t h e  a i r p o r t  s tudy ,  message 

comprehension i n  t h e  case o f  t h e  f reeway s t u d y .  D e s p i t e  t h i s ,  t h e  

model p r e d i c t e d  l e g i b i l i t y  d i s t a n c e  about  e q u a l l y  we1 1  i n  b o t h  

i n s t a n c e s .  T h i s  i s  an i m p o r t a n t  f i n d i n g  wh ich  i n d i c a t e s  t h a t  t h e  

l a b o r a t o r y  data ,  a1 though based on an a c u i t y  measure, s h o u l d  r e l a t e  

w e l l  t o  l e g i b i l i t y  o f  a c t u a l  s i g n  messages. 

PREDICTION OF THE LEGIBILITY DISTANCE OF HIGHWAY SIGNS 

I n t r o d u c t i o n  

The work r e p o r t e d  so f a r  has concerned t h e  development o f :  

1. B a s i c  da ta  concern ing  t h e  v i s u a l  c a p a b i l i t i e s  o f  observers  

w i t h  s i g n i n g  m a t e r i a l s .  

2 .  A computer model wh ich  uses t h e  v i s i o n  da ta ,  t o g e t h e r  w i t h  

geometr ic  and p h o t o m e t r i c  i n f o r m a t i o n ,  t o  p r e d i c t  t h e  

d i s t a n c e  a t  wh ich  highway s i g n s  w i l l  become l e g i b l e .  



Having demonstrated t h a t  t h e  model i s  capable o f  p r e d i c t i n g  

1  e g i  b i  1  i t y  d i  s tance wi  t h  reasonab le  accuracy ,  i t i s  necessary t o  

e x e r c i s e  i t  i n  a  s y s t e m a t i c  way t o  develop p r e d i c t i o n s  f o r  a  broad 

spectrum o f  s i g n i n g  app l  i c a t i o n s  . These p r e d i c t i o n s  can then  be 

used t o  draw i n f e r e n c e s  concern ing a p p r o p r i a t e  m a t e r i a l  use, e t c .  

I n  t h i s  s e c t i o n  s h a l l  be presented b a s i c  p r e d i c t i v e  da ta  f o r  

t h e  l e g i b i l i t y  o f  highway s igns  i n  a  v a r i e t y  o f  s i t u a t i o n s .  The 

comparisons a r e  presented i n  terms o f  " l e g i  b i  1  i t y  d i s t a n c e . "  C l e a r l y  

i t  would  be d e s i r a b l e  t h a t  t h i s  measure r e p r e s e n t  t h e  a c t u a l  capa- 

b i l i t i e s  o f  t h e  p o p u l a t i o n  o f  m o t o r i s t s  i n  t h i s  c o u n t r y  today.  

Be fo re  p r e s e n t i n g  t h e  p r e d i c t i v e  l e g i  b i  1  i t y  d i s t a n c e  i n f o r m a t i o n  i t  

i s  a p p r o p r i a t e  t o  examine t h e  q u e s t i o n  o f  p o p u l a t i o n  v i s u a l  charac-  

t e r i s t i c s .  

Es t ima te  o f  Represen ta t i ve  Leg i  b i  1  i t y  D is tances.  Because o f  

t h e  p o t e n t i  a1 l y  enormous c o s t  imp1 i c a t i o n s  , any i n v e s t i g a t o r  who 

makes a  recommendation t o  s i g n i f i c a n t l y  change p r e s e n t  s i g n  des ign  

s p e c i f i c a t i o n s  ( e s p e c i a l l y  i n  a  way t h a t  would r e q u i r e  l a r g e r  s i g n s )  

must  be a b l e  t o  muster  c m p e l l i n g  suppor t  f o r  h i s  o r  h e r  arguments. 

I t  would be d e s i r a b l e  a t  t h i s  p o i n t  t o  examine t h e  a v a i l a b l e  da ta  

t o  see i f  such suppor t  e x i s t s .  

The r e s u l t s  o f  t h i s  s tudy  i n d i c a t e  t h a t  young persons w i t h  

normal v i s u a l  a c u i t y  can r e c o r d  l e g i b i l i t y  d i s tances  o f  55 f t / i n c h  

( 6 . 6  m/cm) l e t t e r  h e i g h t  o r  so under f a v o r a b l e  c o n d i t i o n s .  G r a n t i n g  

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

n o r  b lessed  w i t h  20120 (616) v i s i o n ,  i t  would appear t h a t  a  substan- 

t i a l  c o r r e c t i o n  i s  r e q u i r e d  i n  o r d e r  t o  accommodate t h e  v i s u a l  

c a p a b i l i t i e s  o f  most i f  n o t  a l l  l i c e n s e d  d r i v e r s .  

A t  t h e  s t a r t  one encounters a  d i f f e r e n c e  i n  des ign ph i l osophy .  

On t h e  one hand i t  i s  argued t h a t ,  s i n c e  i t  i s  l e g a l  f o r  persons 

w i t h  v i s u a l  a c u i t y  as poor  as 20140 (6112) t o  d r i v e ,  s igns  shou ld  be 

designed f o r  them, n o t  f o r  persons w i t h  20120 (616) v i s u a l  a c u i t y .  

By t h i s  l o g i c ,  i t  would appear t h a t  if 55 f t / i n c h  (616 mlcm) l e t t e r  

h e i g h t  i s  a  reasonab le  maximum f o r  normal v i s i o n ,  h a l f  t h a t  v a l u e  i s  



r e q u i r e d  t o  accommodate persons w i t h  ha1 f normal a c u i t y  . 
The o t h e r  argument i s  t h a t  s i g n  s p e c i f i c a t i o n s  s h o u l d  be 

e s t a b l i s h e d  t o  cover  some l a r g e  f r a c t i o n  of t h e  d r i v i n g  p o p u l a t i o n  

(a  common f i g u r e  i s  85%). Des ign ing f o r  l e s s  than  everybody i s  

regarded as accep tab le  p r a c t i c e  i n  many f i e l d s  where: (1) t h e r e  i s  

t h e  p o s s i b i l i t y  o f  peop le  accommodating t o  t h e  des ign  t o  some e x t e n t ,  

and ( 2 )  d e s i g n i n g  f o r  everyone i s  v e r y  c o s t l y .  

As i t  t u r n s  o u t ,  r e g a r d l e s s  o f  wh ich  p o s i t i o n  i s  favored,  

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

n i g h t t i m e  l e g i b i l i t y  o f  highway s i g n s  i s  an exceed ing ly  complex prob-  

1  em. 

s t a t i c  f a r  a c u i t y  i s  t h e  usua l  measure d iscussed w i t h  r e f e r e n c e  

t o  s i g n  l e g i b i l i t y .  Bu t ,  as a  p r e d i c t o r  o f  t h e  a b i l i t y  t o  r e a d  s i g n s  

a t  n i g h t ,  i t s  v a l u e  i s  q u e s t i o n a b l e .  Even t h e  young, 20120 (616) sub- 

j e c t s  i n v o l v e d  i n  o u r  l a b o r a t o r y  s tudy  d i f f e r e d  somewhat i n  t h e  

c o n t r a s t  r e q u i r e d  t o  r e s o l v e  t h e  Land01 t r i n g  legend.  O lde r  s u b j e c t s  

w i t h  20/20 (616) o r  b e t t e r  v i s i o n  d i d  much poore r  i n  t h e  l a b o r a t o r y  

t e s t  t han  d i d  young 20/201s ( 6 1 6 ) .  It i s  apparent  t h a t  t h e r e  a r e  

o t h e r  v a r i a b l e s ,  a s i d e  from a c u i t y ,  wh ich  a r e  v e r y  s i g n i f i c a n t  i n  

t h i s  t y p e  o f  v i s u a l  t a s k .  The n e t  e f f e c t  o f  t hese  v a r i a b l e s  i s  

u n c e r t a i n ,  so t h a t  t h e  d i s t r i b u t i o n  i n  t h e  p o p u l a t i o n  i s  n o t  known. 

Thus, a t tempts  t o  p r e d i c t  p o p u l a t i o n  performance i n  t h e  t a s k  o f  

i n t e r e s t  he re ,  based on t h e  d i s t r i b u t i o n  o f  s t a t i c  f a r  a c u i t y  scores ,  

wou ld  be i n  e r r o r  t o  an unknown degree. 

Wi th  t h e  above c a u t i o n  i n  mind,  i t  i s  i n s t r u c t i v e  t o  e s t i m a t e  

t h e  s i z e  o f  t h e  c o r r e c t i o n  r e q u i r e d  t o  accommodate about  85% o f  t h e  

p o p u l a t i o n  hav ing  20140 f a r  a c u i t y  o r  b e t t e r .  D i s t r i b u t i o n a l  da ta  

have been s u p p l i e d  by HEW (Rober ts ,  1964) wh ich  make such an e s t i -  

mate p o s s i b l e .  Based on these  data  i t  appears t h a t  a  c o r r e c t i v e  

m u l t i p l i e r  o f  about  0.7 wou ld  be a p p r o p r i a t e .  Us ing t h i s ,  a  

l e g i  b i  1  i t y  d i s t a n c e  o f  50 f t l i n c h  ( 6  m/cm) l e t t e r  h e i g h t  becomes 

35 f t l i n c h  (4.2 m/cm) l e t t e r  h e i g h t .  



C l e a r l y ,  on an a c u i t y  b a s i s ,  p r e s e n t  s i g n  des ign s tandards  

(based on a  c r i t e r i o n  o f  50 f t / i n c h  [6 m/cni] l e t t e r  h e i g h t )  a r e  s e r i -  

o u s l y  inadequate.  However, t h e r e  a r e  compensating f a c t o r s  wh ich  make 

t h e  s i t u a t i o n  l e s s  s e r i o u s  than  i t  m i g h t  appear. One of these f a c t o r s  

i s  t h e  m o t o r i s t ,  who can adapt ,  perhaps by d r i v i n g  more s l o w l y ,  t o  be 

a b l e  t o  a c q u i r e  t h e  necessary i n f o r m a t i o n  f rom s igns .  Another f a c t o r ,  

sometimes over looked,  a r i s e s  f rom t h e  weal t h  o f  redundant i nfo rmat i  on 

con ta ined  i n  a  w r i t t e n  message. Thus, i t  i s  n o t  necessary t o  be a b l e  

t o  i d e n t i f y  each i n d i v i d u a l  l e t t e r .  Use fu l  and sometimes s u f f i c i e n t  

cues a r e  p resen t  i n  t h e  l e n g t h  and gross shape o f  a  word o r  t h e  

presence and l o c a t i o n  o f  key l e t t e r s .  It i s  t h i s  c h a r a c t e r i s t i c  o f  

w r i t t e n  i n f o r m a t i o n  wh ich  makes i t  p o s s i b l e  t o  r e a d  poor  h a n d w r i t i n g  

and makes i t  d i f f i c u l t  t o  p e r c e i v e  e r r o r s  such as m i s s p e l l i n g s ,  

r e v e r s a l s  o r  m i s s i n g  l e t t e r s  (wh ich  i s  one reason why p r o o f r e a d i n g  i s  

a  d i f f i c u l t  j o b ) .  I n  v iew o f  t h i s ,  l e g i b i l i t y  d i s t a n c e  es t ima tes  

based on a n y t h i n g  o t h e r  than  comprehension measures w i  11 be conserva- 

t i v e .  U n f o r t u n a t e l y ,  i t  i s  n o t  easy t o  determine how c o n s e r v a t i v e  

because even comprehension measures d e r i v e d  i n  an exper imenta l  s e t t i n g  

a r e  p robab ly  based on r a t h e r  c o n s e r v a t i v e  responses on t h e  p a r t  o f  

t h e  s u b j e c t s .  

I n  sum, t h e  au tho rs  do n o t  b e l i e v e  t h a t  t h e r e  e x i s t s  a t  t h e  

p resen t  t i m e  t h e  k i n d  o f  da ta  wh ich  w i l l  a l l o w  an accu ra te  e s t i m a t e  

of p o p u l a t i o n  l e g i b i l i t y  d i s t a n c e  c r i t e r i a .  The problem i s  a  complex 

one and would r e q u i  r e  c o n s i d e r a b l e  exper imenta l  e f f o r t  t o  r e s o l v e .  

The p r e d i c t i v e  l e g i  b i  1  i ty d i s t a n c e  curves p resen ted  i n  t h i s  

r e p o r t  a r e  based on t h e  performance o f  young, v i s u a l l y  normal sub- 

j e c t s ,  c o r r e c t e d  t o  r e p r e s e n t  a  l e v e l  a t  wh ich  about  85% o f  t h e i r  

responses had occu r red .  On an a b s o l u t e  b a s i s  t h e  l e g i  b i  1  i t y  d i s tances  

c i t e d  can be debated, f o r  t h e  reasons ment ioned e a r l i e r .  I n  t h e  

o p i n i o n  o f  t h e  au tho rs  they  a r e  n o t  unreasonable,  if f o r  n o  b e t t e r  

reason than they  a r e  i n  a  range which  corresponds t o  l o n g  accepted 

p r a c t i c e  and which  seems, on a  b a s i s  of t h a t  exper ience,  t o  "work"  

f a i r l y  we1 1. 



On a  r e l a t i v e  b a s i s  t h e  curves a c c u r a t e l y  d e s c r i b e  m a t e r i a l  

per formance.  That  i s ,  i f  comb ina t ion  " A "  i s  10% b e t t e r  t h a n  "B," 
f o r  example, i t  would  be t r u e  r e g a r d l e s s  o f  what d e c i s i o n s  m i g h t  

f i n a l l y  e v o l v e  concern ing  t h e  a b s o l u t e  v i s i  b i  1  i ty  d i s t a n c e  q u e s t i o n .  

Thus t h e  eng ineer  can use t h e  curves as an a i d  t o  d e f i n i n g  t h e  r e l a -  

t i v e  m e r i t  o f  v a r i o u s  m a t e r i a l s  f o r  g i v e n  s i g n i n g  problems. It must 

be remembered o n l y  t h a t  t h e  l e g i b i l i t y  d i s t a n c e  taken  from t h e  

v e r t i c a l  a x i s  o f  t h e  c u r v e  i s  an approx ima t ion  and n o t  an a b s o l u t e  

t r u t h .  

U t i l i z a t i o n  o f  t h e  P r e d i c t i v e  L e g i b i l i t y  D i s t a n c e  Data 

T h i s  s e c t i o n  w i l l  p r o v i d e  an i n t r o d u c t i o n  t o  t h e  m a j o r  p r o j e c t  

end p roduc t ,  t h e  p r e d i c t i v e  l e g i b i l i t y  d i s t a n c e  cu rves .  There a r e  

t e n  o f  t hese  cu rves ,  d e s c r i b i n g  v a r i o u s  s i g n i n g  s i t u a t i o n s .  Tab le  2 

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

i s  a  t a b l e  (Tab les  3 th rough  12) which summarizes t h e  d a t a  i n  t h e  

f i g u r e  and adds i n f o r m a t i o n  f o r  some a d d i t i o n a l  cases. 

R a t i o n a l e .  The curves show t h e  1  e g i b i l  i t y  d i s t a n c e  ( i n  f t l i n c h  

l e t t e r  h e i g h t )  p r o v i d e d  by v a r i o u s  combinat ions  o f  s i g n i n g  m a t e r i a l s .  

The l i n e s  each r e p r e s e n t  one background m a t e r i a l  hav ing  t h e  s p e c i f i c  
2 luminance i n d i c a t e d  by t h e  l a b e l .  They range f rom 0 .1  c d / f t - c / f t  , 

2 
r e p r e s e n t i n g  a  n o n - r e f l e c t i v e  s u r f a c e ,  t o  100 c d l f t - c l f t  , a  m a t e r i a l  

whose r e f l e c t i v i t y  s u b s t a n t i a l l y  exceeds any a v a i l a b l e  today .  The 

curves show t h e  8 5 t h  p e r c e n t i l e  l e g i b i l i t y  d i s t a n c e  p r o v i d e d  by each 

background m a t e r i a l  as a  f u n c t i o n  o f  l egend  s p e c i f i c  luminance.  I t  

w i l l  be no ted  t h a t  each c u r v e  beg ins  a t  a  r e l a t i v e l y  s h o r t  l e g i b i l i t y  

d i s t a n c e  w i t h  low l e v e l s  o f  l egend  s p e c i f i c  luminance,  i n i t i a l l y  

shows i n c r e a s i n g  l e g i b i l i t y  d i s t a n c e  as l egend  s p e c i f i c  luminance 

inc reases  and, i n  most cases, peaks a t  some p o i n t  and s t a r t s  down 

aga in  as legend s p e c i f i c  luminance con t inues  t o  i n c r e a s e .  The t a b l e s  

r e p e a t  and supplement t h e  i n f o r m a t i o n  c o n t a i n e d  i n  t h e  f i g u r e s .  Each 

c e l l  e n t r y  rep resen ts  t h e  l e g i b i l  i ty  d i s t a n c e  ( i n  f e e t l i n c h  l e t t e r  

h e i g h t )  a s s o c i a t e d  w i t h  t h e  legend and background s p e c i f i c  l u m i -  

nances i n d i c a t e d  on t h e  h o r i z o n t a l  and v e r t i c a l  axes. 



TABLE 2.  L i s t  o f  f i g u r e s  d e s c r i b i n g  t h e  s p e c i f i c  luminance r e q u i r e -  
ments f o r  highway s igns  f o r  d i f f e r i n g  roadway a1 ignments 
and headlamp beams. 

1 
F i g u r e  j Road A1 i gnmen t 

I 

Tangent, cons tan t  grade 

1 I High 
1 

S ign P o s i t i o n  

Overhead, 20 f e e t  h igh ,  I Low I 

cen te red  over 1 ane I I 

Headlamp / 
Beam 

Overhead, 20 f e e t  h i g h ,  2 
1 centered over l a n e  

Tangent, cons tan t  grade 

3 1 Tangent, cons tan t  grade 

I 

Roadside, 8 f e e t  above pave- ! Low 
ment, 12 f e e t  t o  r i g h t  of 
edge o f  pavement I 

I 

4 i Tangent, cons tan t  grade 
1 
I 
I 

i I 6 i 2' L e f t  hand curve 

! I cons tan t  grade 
I 

Roadside, 8 f e e t  above pave- High 
ment, 12 f e e t  t o  r i g h t  o f  
edge o f  pavement 

I 
I 
I 

I 5 2' R i g h t  hand curve 
/ cons tan t  grade 

1 Overhead, 20 f e e t  h i g h ,  Low 1 cen te red  over  l a n e  
I 1 

I 

Overhead, 20 f e e t  h i g h ,  1 Low 
cen te red  over  1 ane , 

I 

I j 7 2' R i g h t  hand curve : Roadside, 8 f e e t  above pave- ; Low 
/ cons tan t  grade I ment, 12 f e e t  t o  r i g h t  o f  , I I 

I I edge o f  pavement I 
I / 8 1 2'  eft hand cu rve  ! Roadside, 8 f e e t  above pave- i Low 
I cons tan t  grade I 

f ment, 12 f e e t  t o  r i g h t  of 
, I edge o f  pavement 

9 : Tangent, c r e s t  
( A  = 8%) 

: I Overhead, 20 f e e t  h i g h ,  1 Low 
I cen te red  o v e r  l a n e  

i 

I lo Tangent, sag  Overhead, 20 f e e t  h i g h ,  Low 
I (A = 8%) cen te red  over  1 ane 

1 - 



Assumptions. The f o l l o w i n g  assumptions have been made i n  p r o -  

duc ing  these curves : 

1. Roadway a l i gnmen t  and s i g n  p o s i t i o n .  Both o f  t hese  f a c t o r s  

a r e  v e r y  s i g n i f i c a n t .  Separate f i g u r e s  have been prepared 

f o r  a  number o f  t y p i c a l  problems. 

2 .  I n t e n s i t y  o f  i l l u m i n a t i o n .  The curves assume t h e  presence 

o f  a  s i n g l e  v e h i c l e  on low beams. The use of  h i g h  beams 

makes a  s i g n i f i c a n t  d i f f e r e n c e  and two f i g u r e s  have been 

prepared t o  i l l u s t r a t e  t h i s .  Heavy s t ream t r a f f i c  w i l l  

a l s o  i n c r e a s e  s i g n  luminance (Wol tman and Youngblood, 1976).  

The e f f e c t  i nc reases  as v i e w i n g  d i s t a n c e s  i n c r e a s e  , and 

c o u l d  r e s u l t  i n  o v e r a l l  luminance inc reases  by as much as 

e i g h t  t imes.  For  i n s t a l  1  a t i  ons where t h e  eng ineer  wishes 

t o  c o n s i d e r  t h i s  e f f e c t  i t  i s  necessary t o  i n c r e a s e  b o t h  

background and 1  egend s p e c i f i c  1  umi nance 1  e v e l  s  by t h e  

mu1 t i p 1  i e r  cons ide red  a p p r o p r i a t e .  F u r t h e r  c o n s i d e r a t i o n  

w i l l  be g i v e n  t h i s  p o i n t  l a t e r .  

3 .  Weather. The curves assume t h e  weather t o  be c l e a r  and 

d r y .  Whi le  c o n d i t i o n s  such as f o g  and r a i n  can reduce 

v i s i b i l i t y  s i g n i f i c a n t l y ,  i t  shou ld  be no ted  t h a t  damp 

pavement can r e s u l t  i n  s u b s t a n t i a l  i nc reases  i n  s i g n  l u m i -  

nance 1  e v e l  s  (Wol tman and Youngblood, 1976). 

4. E f f e c t i v e  d i s t a n c e .  The curves have been developed on a 

b a s i s  o f  legend s i z e s  r e f e r r e d  t o  i n  t h e  Manual o f  Un i -  

f o rm T r a f f i c  C o n t r o l  Devices (up t o  about  18 i nches  (46  cm) 

i n  h e i g h t ) .  Fo r  legends much l a r g e r  than  18 i nches  (46 cm) 

t h e  r e d u c t i o n  i n  o v e r a l l  s i g n  luminance r e s u l t i n g  f r o m  t h e  

g r e a t e r  s e p a r a t i o n  between t h e  s i g n  and c a r  headlamps 

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

and t a b l e s .  As can be seen f rom i n s p e c t i o n  o f  t h e  p r e -  

d i c t i v e  l e g i b i l i t y  d i s t a n c e  curves,  t h e  e f f e c t  o f  h o l d i n g  

1  uminance c o n t r a s t  c o n s t a n t  and r e d u c i n g  o v e r a l l  1  uminance 



i s  t o  reduce l e g i  b i  1  i t y  d i s t a n c e  f a i r l y  r a p i d l y .  Thus, 

i f  these  da ta  a r e  used t o  p r e d i c t  t h e  l e g i b i l i t y  o f  

s igns  u s i n g  legends much l a r g e r  than  18 i nches ,  t h e  p r e -  

d i c t e d  l e g i b i l i t y  d i s t a n c e s  w i l l  be o p t i m i s t i c  t o  an 

i n c r e a s i n g  degree as t h e  1  egend becomes 1  a r g e r .  

Use o f  t h e  Data. Each o f  t h e  f i g u r e s  c o n t a i n s  t h r e e  o r  f o u r  

curves ( t h e  accompanying tab1 es show background s p e c i f i c  1  umi nance a t  

s i x  l e v e l s ) .  I f  t h e r e  a r e  t h r e e  i t  i s  because t h e  curves l a b e l e d  0 . 1  

and 1.0 a r e  i d e n t i c a l .  Each o f  t h e  curves r e p r e s e n t  a  background 

m a t e r i a l  (g reen  i s  shown) h a v i n g  t h e  i n d i c a t e d  s p e c i f i c  1  uminance. 

The 0 .1  l e v e l  i s  a p p r o p r i a t e  f o r  e i t h e r  a  c o l o r e d  n o n - r e f l e c t i v e  o r  

b l a c k  background. 

Wh i le  these  curves a r e  i n t e n d e d  t o  r e p r e s e n t  s i g n s  w i t h  w h i t e  

legends,  t h e y  can be used f o r  s i g n s  w i t h  b l a c k  legends as w e l l .  I n  

t h e  l a t t e r  case t h e  c u r v e  l a b e l e d  0 .1  i s  used and t h e  h o r i z o n t a l  

a x i s  i n t e r p r e t e d  as "Background" r a t h e r  than  "Legend S p e c i f i c  

Luminance. " The t a b l e s  c o n s i d e r  n o n - r e f l e c t i  ve legends s p e c i f i c a l  l y  , 
2 th rough  a  background s p e c i f i c  luminance o f  250 c d / f t - c / f t  . 

S p e c i f i c  luminance i n f o r m a t i o n  i s  s u p p l i e d  by t h e  manu fac tu re rs  

o f  s i g n i n g  m a t e r i a l s  and i s  based on documents such as Federa l  Spec i -  

f i  c a t i o n  L-S-300-B. I n d i v i d u a l  samples may be photometered,  u s i n g  

approved procedures ,  as many highway departments do. I t  i s  v e r y  

i m p o r t a n t  t o  p o i n t  o u t  t h a t  e x a c t  s p e c i f i c  luminance d a t a  a r e  n o t  

necessary i n  o r d e r  t o  use t h e  p r e d i c t i v e  l e g i b i l i t y  d i s t a n c e  curves.  

A1 though m a n u f a c t u r e r ' s  s p e c i f i c a t i o n s  r e p r e s e n t  minima and t h e r e  

a r e  s u b s t a n t i a l  v a r i a t i o n s  f rom sample t o  sample, t hese  v a r i a t i o n s  

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

An e x c e p t i o n  t o  t h i s  does occu r  if choices a r e  made which  have low 

luminance c o n t r a s t .  As can be seen f r o m  t h e  p r e d i c t i v e  l e g i b i l i t y  

d i s t a n c e  cu rves ,  such combinat ions  wou ld  have poor  l e g i  b i  1  i ty  anyway 

and v a r i a t i o n s  from assumed s p e c i f i c  luminance c o u l d  produce r e l a -  

t i v e l y  l a r g e  e r r o r s  i n  p r e d i c t e d  l e g i b i l i t y .  



Manufac tu re r ' s  s p e c i f i c a t i o n s  i n c l u d e  s p e c i f i c  luminance data  

f o r  a v a r i e t y  o f  i nc idence  and divergence angles.  The eng ineer  must 

f i r s t  decide which a re  a p p r o p r i a t e  f o r  t h e  i n s t a l  l a t i o n  under cons id-  

e r a t i o n .  For most l a r g e  s igns  (e .g . ,  freeway gu ide s i g n s )  t h e  -4O, 

0.2' s p e c i f i c a t i o n s  should  be used. For  some o t h e r  types o f  problems 

(e .g . ,  s t r e e t  s igns and o t h e r  smal l  s igns  i n  urban areas) l a r g e r  

angles should  be used. Th is  i s  a m a t t e r  of judgment b e s t  l e f t  t o  

t h e  persons d i r e c t l y  i nvo lved .  

Overhead Signs.  Refer  t o  F igu re  1 and Table 3 f o r  t h e  examples 

which w i l l  now be presented. The f i g u r e  shows 85 th  p e r c e n t i l e  l e g i -  

b i l i t y  d is tances f o r  f o u r  background m a t e r i a l s  as a f u n c t i o n  o f  

legend s p e c i f i c  luminance. The s i g n  i s  p o s i t i o n e d  overhead on a 

tangent  w i t h  a c o n t r a s t  grade and has a green background, S p e c i f i c  

luminance values o t h e r  than those shown can be approximated through 

i n t e r p o l  a t i o n .  

For t h e  s i t u a t i o n  dep ic ted  i n  F i g u r e  1 a n o n - r e f l e c t i v e  back- 

ground ( s p e c i f i c  luminance = 0.1) would enable a maximum l e g i b i l i t y  

d i s t a n c e  o f  about 49 f t / i n c h  (5.88 m/cm) l e t t e r  h e i g h t ,  through use 

o f  a legend hav ing a s p e c i f i c  luminance o f  about 500. As has been 

r e p o r t e d  i n  Appendix E ,  b u t t o n  legends have a "shee t ing  e q u i v a l e n t "  
2 

s p e c i f i c  luminance o f  about 600 c d / f t - c / f t  ; they  c o u l d  be used here.  

Choosing a legend m a t e r i a l  hav ing a s p e c i f i c  luminance i n  t h e  100-150 

range would reduce l e g i b i l i t y  d is tances somewhat, about 10% i n  t h i s  

case. I f  legends having s p e c i f i c  luminance much g r e a t e r  than 500 

were a v a i l a b l e  these would a l s o  r e s u l t  i n  r e d u c t i o n  i n  l e g i b i l i t y .  

Much t h e  same i s  t r u e  f o r  a r e t r o r e f l e c t i v e  m a t e r i a l  hav ing a 

s p e c i f i c  luminance o f  10. Using a legend hav ing a s p e c i f i c  luminance 

i n  t h e  70-100 range, as would be t h e  case i f  t h e  legend were chosen 

f rom t h e  same f a m i l y  o f  m a t e r i a l s  as t h e  background, would produce a 

l e g i b i l i t y  d i s t a n c e  o f  about 43 f t / i n c h  (5.16 m/cm) l e t t e r  h e i g h t .  

L e g i b l i t y  d i s t a n c e  can be improved t o  50 f t / i n c h  ( 6  m/cm) l e t t e r  

h e i g h t  by use o f  a legend hav ing a s p e c i f i c  luminance o f  about 500. 



Thus, f o r  t h i s  s i t u a t i o n ,  i n  terms o f  l e g i b i l i t y  d i s t a n c e  a t  

l e a s t ,  t h e r e  i s  l i t t l e  t o  choose between a  n o n - r e f l e c t i v e  and 

modera te l y  r e f l e c t i v e  background. There a re ,  o f  course,  a  number o f  

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

s e r v i c e  1  i f e )  . Fo r  background m a t e r i a l s  hav ing  s p e c i f i c  luminance 

g r e a t e r  t hen  10, some improvements i n  l e g i b i l i t y  a r e  p o s s i b l e .  A 

background i n  t h e  30-40 range would p e r m i t  maximum l e g i b i l i t y  d i s -  

tances about  5% g r e a t e r  t han  those  f o r  t h e  l e s s  r e f l e c t i v e  back- 

grounds.  A1 though t h i s  would r e q u i r e  legend m a t e r i a l s  hav ing  

g r e a t e r  s p e c i f i c  luminance than  i s  now p o s s i b l e .  I n  a d d i t i o n ,  f o r  

overhead s igns  a t  l e a s t ,  t h e r e  would be s i g n i f i c a n t  b e n e f i t s  from 

t h e  use o f  f a r  more r e f l e c t i v e  background m a t e r i a l s  than  a r e  a v a i l -  

a  b l  e  today.  

I f  s i g n s  w i t h  b l a c k  legends a r e  be ing  cons idered,  t h e  procedure  

i s  b a s i c a l l y  t h e  same. The 0 .1  cu rve  i s  used and t h e  h o r i z o n t a l  a x i s  

i s  assumed t o  r e a d  "background s p e c i f i c  luminance. "  T h i s  process o r  

t h e  use o f  t h e  " n o n - r e f l e c t i v e "  row i n  Tab le  3, i n d i c a t e s  t h a t  a  

background s p e c i f i c  luminance o f  about  250 would be optimum. Whi le  

t h e r e  i s  a  w h i t e  m a t e r i a l  c l o s e  t o  t h i s  va lue ,  o t h e r  a v a i l a b l e  

m a t e r i a l s  wh ich  would be used w i t h  b l a c k  legends a r e  l e s s  r e f l e c t i v e  

and would y i e l d  l ower  l e g i b i l i t y  d i s t a n c e s .  F i g u r e  1 i l l u s t r a t e s  an 

overhead s i t u a t i o n ,  however, and s i g n s  o f  t h i s  t y p e  a r e  more u s u a l l y  

ground mounted, c l o s e  t o  t h e  road  edge. Some F igu res  i n  t h e  s e t  

( e s p e c i a l l y  F i g u r e  3 )  a r e  p robab ly  more a p p r o p r i a t e .  

Other  S i g n i n g  S i t u a t i o n s .  The s i t u a t i o n  d e p i c t e d  i n  F i g u r e  3  i s  

i d e n t i c a l  i n  a l l  r espec ts  t o  F i g u r e  1 excep t  t h e  s i g n  has been moved 

t o  a  roads ide  p o s i t i o n .  S ince  t h i s  p laces  i t  c l o s e r  t o  t h e  h i g h -  

i n t e n s i t y  p o r t i o n  o f  t h e  low beam, t h e  luminance l e v e l s  a r e  h i g h e r .  

T h i s  r e s u l t s  i n  changes i n  c o n t r a s t  requ i rements  and, f o r  some 

m a t e r i a l s ,  improvements i n  l e g i  b i  1  i t y  d i s t a n c e .  

Consider f i r s t  t h e  c o n s t r a s t  requ i remen t  changes. The two 

l e s s  r e f l e c t i v e  backgrounds peak w i t h  legends hav ing  s p e c i f i c  l u m i -  

nance i n  t h e  100-200 range.  A 500 legend,  wh ich  was b e s t  i n  t h e  



overhead s i t u a t i o n ,  i s  now excess ive and r e s u l t s  i n  reduced l e g i -  

b i l i t y  d i s tance .  A 10 background peaks w i t h  a  legend o f  about 300, 

a1 though t h e  500 legend which was b e s t  i n  t h e  overhead s i t u a t i o n  

would n o t  produce a  r e a l l y  s i g n i f i c a n t  d e c l i n e  i n  l e g i b i l i t y .  

Higher 1  umi nance backgrounds r e q u i r e  co r respond ing ly  smal l  e r  changes 

i n  1  egend 1  umi nance. 

It w i l l  a l s o  be noted t h a t ,  w h i l e  t h e  peak l e g i b i l i t y  d i s t a n c e  

f o r  t h e  l e a s t  r e f l e c t i v e  m a t e r i a l s  (0 .1  and 1.0) remains cons tan t  

f o r  t h e  two s i g n i n g  s i t u a t i o n s ,  t h e  10 background increases t o  about 

54 f t / i n c h  (6 .48 m/cm) l e t t e r  h e i g h t ,  a lmost  a  10% improvement, f o r  

t h e  roads ide  s ign .  Th is  i s  because, a t  low background luminance 

l e v e l s ,  legend luminance i s  t h e  o n l y  f a c t o r  determin ing l e g i b i l i t y .  

The 10 background, i n  t h e  roads ide  p o s i t i o n  a t  l e a s t ,  has enough 

luminance t o  i n t e r a c t  w i t h  legend luminance and produce an o v e r a l l  

i nc rease  i n  l e g i b i l i t y .  

F igures 2 and 4  a r e  i n c l u d e d  t o  i n d i c a t e  t h e  e f f e c t s  o f  u s i n g  

h i g h  beams t o  view t h e  same s igns  as dep ic ted  i n  F igu res  1 and 3. 

Two p o i n t s  should  be noted i n  p a r t i c u l a r :  

F i r s t ,  t h e  peak l e g i b i  1  i t y  d i s t a n c e  changes l e a s t  f o r  t h e  non- 

r e f l e c t i v e  backgrounds. The c o n t r a s t  requirements , however, change 

s u b s t a n t i a l  l y  . The r e s u l t  i s  t h a t  a  n o n - r e f l e c t i v e  background s i g n  

designed f o r  maximum l e g i b i l i t y  under low beam c o n d i t i o n s  w i l l  s u f f e r  

a  cons ide rab le  l o s s  i n  l e g i b i l i t y  d i s t a n c e  i f  viewed w i t h  h i g h  beams. 

I n  each case shown t h e  l o s s  i s  from about 49 f t l i n c h  (5.88 mlcm) 

l e t t e r  h e i g h t  t o  38 f t / i n c h  (4.56 m/cm) l e t t e r  h e i g h t .  

Second, more r e f l e c t i v e  backgrounds show s i g n i f i c a n t  increases 

i n  peak l e g i b i l i t y  d i s t a n c e  and, w h i l e  t h e r e  i s  a  drop i n  legend 

luminance requ i rements ,  i t  i s  smal l  enough t h a t  t h e r e  i s  s t i l l  a  

n e t  ga in  i n  l e g i  b i  1 i t y  d i s t a n c e  even i f  t h e  low-beam optimum conf igura-  

t i o n  i s  viewed w i t h  h i g h  beams. 

F igures 5 through 10 d e p i c t  o t h e r  s i g n i n g  s i t u a t i o n s  o f  general  

i n t e r e s t .  They a r e  i n t e r p r e t e d  i n  t h e  same way as t h e  f i r s t  f o u r  



f i g u r e s  w h i c k  have j u s t  been d iscussed i n  sotile d e t a i l .  

A1 though t h i s  p r o j e c t  i s  p r i m a r i l y  concerned w i t h  r e t r o r e f l e c -  

t i v e  s igns  i t  would be a p p r o p r i a t e  t o  say something concern ing 

i l l u m i n a t e d  s i g n s .  I l l u m i n a t i n g  a  s i g n  poses i n i t i a l  c o s t  and 

maintenance problems n o t  assoc ia ted  w i t h  a  r e t r o r e f l e c t i v e  i n s t a l  l a -  

t i o n .  On t h e  o t h e r  hand, t h e r e  a r e  s i g n i f i c a n t  advantages, one o f  

wh ich  i s  t h a t  s i g n  luminance i s  f a i r l y  h i g h  and u n i f o r m  f o r  a l l  

c o n d i t i o n s  . Thus 1  e g i  b i  1  i ty  d i s t a n c e  i s  p r e d i c t a b l e  and c e r t a i n l y  

as good o r  b e t t e r  t han  can be o b t a i n e d  w i t h  any a v a i l a b l e  r e t r o -  

r e f l e c t i v e  m a t e r i a l .  These da ta  i n d i c a t e ,  assuming t h a t  t h e  back- 
2 ground has a  luminance o f  1 f o o t  Lambert (3.43 cdlm ) o r  more and 

t h e  legend-to-background c o n t r a s t  i s  about  1 0 : l  o r  b e t t e r ,  t h a t  a  

l e g i b i l i t y  d i s t a n c e  o f  60 f t / i n c h .  ( 7 . 2  m/cm) can be expected u s i n g  

i l l u m i n a t e d  s i g n s .  



BACKGROUND SPECIFIC 
LUMINANCE 

F i g u r e  1. L e g i b i l i t y  d i s t a n c e  for an  ove rhead  s i g n ;  
l o w  beams; l e g e n d  20 f t .  above  pavement a n d  
c e n t e r e d  o v e r  d r i v e r ' s  lane. 



TABLE 3. L e g i b i l i t y  d i s t a n c e  f o r  an overhead s i g n ;  low beams; 
l egend  20 f t .  above pavement and cen te red  ove r  d r i v e r ' s  
l a n e  ( a s  d e s c r i b e d  i n  F i g u r e  1 ) .  

1 LEGEND SPECIFIC 
LUMINANCE 

2 
( c d / f t - c / f t  ) 

BACKGROUND SPECIFIC LUMINANCE 
2 

( c d / f t - c / f t  ) 
Non - 
Re f .  5 10 30 50 100 150 250 
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F i g u r e  2 .  L e g i b i l i t y  d i s t a n c e  f o r  an overhead s i q n ;  
h i g h  beams; legend 20 f t. above pavement and 
c e n t e r e d  o v e r  d r i v e r ' s  l a n e .  
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TABLE 4. L e g i b i l i t y  d i s tance  f o r  an overhead s ign ;  h i g h  beams; 
legend 20 f t .  above pavement and centered over  d r i v e r ' s  
1 ane (as descr ibed i n  F igu re  2 ) .  

I LEGEND SPECIFIC / BACKGROUND SPECIFIC LUMINANCE 
' LUMINANCE i I ( c d l f t - c / f t 2 )  

2  I 

( c d / f t - c / f t  ) 
Non- 

I 1 Non-Ref lec t ive  -- 
I 

I 

1 10 1 46 
I j 

i , Ref. 5 10 30 50 100 150 250 . 

20 
! I / 48 43 : 39 -- , _ _  I _ _  - - - - 

I 
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4 o 1 49 I 50 46 33 , - -  --  1 -- , -- 1 

I 

43 1 46 48 
I I I 

49 47 44 ; 43 1 
- - --  37 -- 

I 

i 
i 

-- 1 -- -- 1 



F i g u r e  3. L e g i b i l i t y  d i s t a n c e  f o r  a  r o a d s i d e  s i g n ;  
l ow  beams, l egend  12  f t .  t o  t h e  r i g h t  o f  t h e  
pavement edge, 8 ft. above t h e  pavement. 



TABLE 5. L e g i b i l i t y  d i s tance  f o r  a  roads ide s ign;  low beams, 
legend 12 ft. t o  t h e  r i g h t  o f  t h e  pavement edge, 
8 ft. above t h e  pavement (as descr ibed i n  F i g u r e  3 ) .  

I 
I LEGEND SPECIFIC / BACKGROUND SPECIFIC LUMINANCE j 

5 10  30 50 100 150 2 5 0 '  Ref. 
I I I I 

45 47 
I -- 1 - -  

I 
I i 

48 

- - 
Non-Ref lec t ive  -- 37 4 1  

I 
I 

48 i 48 , 
A 

- - 1 -- I 10 

20 1 44 j 4 1  1 35 1 - -  I -- I -- / - -  - - I 

I 

41  34 -- 



BACKGROUND SPECIFIC / / /.- LUMINANCE 
(CANDELAS/ FCI F 

F i g u r e  4 . .  L e g i b i l i t y  d i s t a n c e  f o r  a  r o a d s i d e  s i g n ;  
h i g h  beams, legend 12  f t .  t o  t h e  r i g h t  o f  t h e  
pavement edge, 8 ft. above t h e  pavement., 



TABLE 6. L e g i b i l i t y  d i s t a n c e  f o r  a  roads ide  s ign ;  h i g h  beams, 
legend 12 ft. t o  t h e  r i g h t  of t h e  pavement edge, 
8 f t .  above t h e  pavement (as desc r ibed  i n  F i g u r e  4 ) .  

/ LEGEND SPECIFIC 1 
- -- - -  

BACKGROUND SPECIFIC LUMINANCE I LUMINANCE ( c d / f t - c / f t  2  ) I 

2  1 ( c d i f t - c l f t  ) Non- 
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I 
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I 
I Non-Ref lec t ive  

I I I 
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I 1 1 

44 ' 47 
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1 I 



I 
BACKGROUND SPECIFIC 

9 / 101 loo/ LUM!NANCE 

F i g u r e  5 .  L e g i b i l i t y  d i s t a n c e  t o  an overhead s i g n  
on a 2" r i g h t  hand curve ,  low beams, l egend  
20 f t .  above pavement and c e n t e r e d  over  t h e  
d r i v e r ' s  l a n e .  



TABLE 7 .  L e g i b i l i t y  d i s t a n c e  t o  an overhead s i g n  on a  2O r i g h t  
hand curve,  l ow  beams, legend 20 ft. above pavement 
and cen te red  o v e r  t h e  d r i v e r ' s  l a n e  (as  desc r ibed  i n  
F i g u r e  5 ) .  

I LEGEND SPECIFIC 
I LUMINANCE 

BACKGROUND SPEC1 FIC LUMINANCE 

( c d ~ f t - c / f t 2 )  
I ( c d / f t - c / f t 2 )  i Non- 
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BACKGROUND SPECIFIC 
I*./ d -1 LUMINANCE . 

[CANDELASIFCI FT') 

Figure 6. Legibility distance for an overhead s i g n  
on a 2" left hand curve, low beams, legend 
20 ft. above t h e  pavement and centered over 
the driver's lane. 



TABLE 8. L e g i b i l i t y  d i s t a n c e  f o r  an overhead s i g n  on a 2' l e f t  
hand curve,  1 ow beams, legend 20 ft. above t h e  pave- 
ment and cen te red  ove r  t h e  d r i v e r ' s  l a n e  (as desc r ibed  
i n  F i g u r e  6 ) .  
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BACKGROUND SPECIFIC 
LUMINANCE 

F i g u r e  7 .  L e g i b i l i t y  d i s t a n c e  f o r  a  r o a d s i d e  s i g n ;  
2 0  r i g h t  hand curve ,  low beams, legend 
12 f t .  t o  the  r i g h t  of t h e  pavement edge, 
8 f t .  above t h e  pavement. 



TABLE 9. L e g i b i l i t y  d i s t a n c e  f o r  a roads ide  s i g n ;  2' r i g h t  hand 
curve,  low beams, legend 12 f t .  t o  t h e  r i g h t  o f  t h e  
pavement edge, 8 f t .  above t h e  pavement (as desc r ibed  
i n  F i g u r e  7 ) .  
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2 

( c d / f t - c / f t  ) 
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BACKGROUND SPECIFIC 
LUMINANCE 

(CANDELAS/FC/FT~) 

F i g u r e  8. L e g i b i l i t y  d i s t a n c e  f o r  a r o a d s i d e  s i g n ;  
2" 1 e f t  hand c u r v e ,  1 ow beams, 1 egend 
12  f t .  t o  t h e  r i g h t  of t h e  pavement edge, 
8 f t .  above t h e  pavement .  



TABLE 10. L e g i b i l i t y  d i s tance  f o r  a roads ide s ign ;  2' l e f t  hand 
curve, low beams, legend 12 ft. t o  t he  r i g h t  o f  t h e  
pavement edge, 8 f t .  above t h e  pavement (as descr ibed 
i n  F igure  8 ) .  
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BACKGROUND SPECIFIC 
LUMINANCE 

(CANDELAS/ FC/ FT 

Figure 9.  Legibi 1 i t y  distance for an overhead sign' on 
a tangent, c res t  ( A  = 8%) , 1 ow beams, 1 egend 
20 f t .  above pavement and centered over the 
d r i ve r ' s  lane. 



TABLE 11. L e g i b i l i t y  d i s t a n c e  f o r  an overhead s i g n  on a  tangen t ,  
c r e s t  (A = 8%) , 1 ow beams, legend 20 f t  . above pave- 
ment and cen te red  over  t h e  d r i v e r ' s  l a n e  ( a s  desc r ibed  
i n  F i g u r e  9 ) .  

I LEGEND SPECIFIC 1 BACKGROUND SPECIFIC LUMINANCE 1 
1 LUMINANCE 1 

2  1 ( c d l f t - c l f t  ) 1 Non- 
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Non-Re f lec t i ve  -- 35 i 42 48 1 50 1 49 

i 
I 1 

47 46 1 



F i g u r e  10. L e g i b i l i t y  d i s t a n c e  f o r  an overhead s i g n  f o r  
a  t angen t ,  sag ( A  = 8%) ,  l ow  beams, legend 
20 f t .  above pavement and cen te red  over  t h e  
d r i v e r ' s  l a n e .  
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TABLE 12. L e g i b i l i t y  d i s t a n c e  f o r  an overhead s i g n  f o r  a  tangent ,  
sag (A = 8%)  , low beams, 1  egend 20 f t .  above pavement 
and centered over  t h e  d r i v e r ' s  l a n e  (as descr ibed i n  
F i g u r e  1 0 ) .  
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CHAPTER 3  

INTERPRETATION, APPRAISAL, APPLICATION 

INTRODUCTION 

Chapter 2 presented bas ic  data desc r i b i ng  t h e  r e l a t i o n s h i p  

between s i g n  luminance c h a r a c t e r i s t i c s  and l e g i  b i l  i ty. This chapter  

w i  11 p rov ide  guide1 ines f o r  use o f  r e t r o r e f l e c t i v e  m a t e r i a l s  based 

on t he  i n f o rma t i on  presented i n  Chapter 2 .  The purpose i s  no t  o n l y  

t o  draw in fe rences  from the  data,  b u t  t o  suggest va r ious  ways i n  

which t he  data can be used. 

THE SELECTION OF S I G N I N G  MATERIALS 

Background M a t e r i a l s .  An i nspec t i on  o f  i n d i v i d u a l  f i g u r e s  i n  

Chapter 2 migh t  w e l l  c rea te  t h e  impression t h a t  t he  background has 

l i t t l e  e f f e c t  on s i g n  l e g i b i l i t y .  Recal l  t h a t  each f i g u r e  i s  f o r  a  

very  s p e c i f i c  combinat ion o f  circumstances i n  terms o f  p o s i t i o n ,  road 

al ignment and v iewing cond i t i ons  ( s i n g l e  ca r ,  h igh  o r  low beam). 

Whi le t he  geometric f a c t o r s  do no t  change f o r  a  g iven  s ign ,  v iewing 

cond i t i ons  can and do, over  wide ranges. I n  a d d i t i o n ,  i t  i s  proba- 

b l y  imp rac t i  ca l  t o  custom design i n d i v i d u a l  s igns t o  t h e  s p e c i f i c  

cond i t i ons  o f  t h e i r  s e t t i n g .  Thus, t he re  a re  s t r ong  reasons t o  

s e l e c t  s i gn i ng  m a t e r i a l s  which w i  11 p rov ide  good performance wher- 

ever  p laced and under a1 1  v iewing cond i t i ons .  Th is  r equ i r es  considera- 

t i o n  o f  many i f  n o t  a l l  the  f i g u r e s  i n  t he  s e t  presented i n  Chapter 2 .  

I f  t h i s  i s  done i t  w i l l  be seen t h a t  t he  background o f  a  s i g n  can 

have cons iderab le  e f f e c t  on l e g i b i l i t y .  

By way o f  i l l u s t r a t i o n ,  cons ider  Table 13. The data f o r  t h i s  

t a b l e  a re  drawn from Tables 3 through 12 i n  Chapter 2 .  Three back- 

ground r e f l e c t i v i t y  l e v e l s  a re  considered, n o n - r e f l e c t i v e  , 10 and 30 

c d l f t - c / f t 2 .  These have been taken t o  il l u s t r a t e  t h ree  r e a d i l y  

a v a i l a b l e  choices i n  the  present  market. The rows o f  t he  t a b l e  a re  

drawn from each f i g u r e  as l abe led  so t h a t  i t  i s  poss ib l e  t o  make s i d e  

by s i d e  comparisons o f  t he  l e g i b i l i t y  d is tances f o r  t he  same back- 

ground i n  d i f f e r e n t  s i t u a t i o n s .  





An i n s p e c t i o n  o f  Table 13 makes i t  apparent ve ry  q u i c k l y  t h a t  

t h e  legend which produces maximum l e g i b i l i t y  i s  n o t  t h e  same f o r  

a l l  c o n d i t i o n s .  However, t h e  s c a t t e r  i s  much l e s s  f o r  t h e  r e t r o -  

r e f l e c t i v e  backgrounds. Thus, f o r  a  30 c d / f t - c / f t 2  background, a  

500 c d / f t - c / f t 2  legend i s  t h e  s i n g l e  cho ice which comes c l o s e s t  t o  

t h e  maximum l e g i b i l i t y  d i s t a n c e  i n  a1 1  cases. For a  10 c d l f t - c / f t 2  

background, a  250 c d l f t - c / f t 2  legend seems t o  be t h e  bes t  cho ice,  

i f  o n l y  one legend m a t e r i a l  i s  t o  be used. However, t h e  l e g i b i l i t y  

d i s tances  tend  t o  run  2-6% l e s s  than w i t h  t h e  more r e f l e c t i v e  back- 

ground. 

I f  a  n o n - r e f l e c t i v e  background i s  be ing considered, s e l e c t i n g  

a  s i n g l e  legend m a t e r i a l  i s  much more d i f f i c u l t .  A m a t e r i a l  i n  t h e  
2  250-500 c d / f t - c / f t  range i s  bes t  f o r  most c o n d i t i o n s  l i s t e d ,  b u t  

becomes t o o  b r i g h t ,  w i t h  consequent l o s s  o f  l e g i b i l i t y  d i s tance ,  under 

h i g h  beam ( o r  heavy stream t r a f f i c )  c o n d i t i o n s .  A b e t t e r  cho ice  
2  m i g h t  be i n  t h e  100-150 c d / f t - c / f t  range, b u t  no such m a t e r i a l s  a r e  

c u r r e n t l y  a v a i l a b l e .  A m a t e r i a l  hav ing s p e c i f i c  luminance of about 
2 70 c d l f t - c / f t  i s  good f o r  c o n d i t i o n s  where t h e  s i g n  i s  h i g h l y  i l l u m i -  

nated, b u t  s i g n i f i c a n t l y  poorer  f o r  o t h e r  c o n d i t i o n s  . 
C l e a r l y ,  t h e  use o f  n o n - r e f l e c t i v e  backgrounds means t h a t  c e r -  

t a i n  v iewing c o n d i t i o n s  w i l l  r e s u l t  i n  s i g n i f i c a n t  reduc t ions  i n  

l e g i  b i  1  i t y  d i s t a n c e  regard less  o f  what legend m a t e r i a l s  a r e  s e l e c t e d .  

Because o f  t h i s  c h a r a c t e r i s t i c ,  t h e  o n l y  way t o  use a  n o n - r e f l e c t i v e  

background and be sure o f  o b t a i n i n g  l e g i b i l i t y  d i s t a n c e  a t  l e a s t  

equal t o  t h a t  p rov ided  by r e f l e c t i v e  backgrounds under a l l  c o n d i t i o n s  

i s  by i n c r e a s i n g  legend s i z e .  As an example, if an overhead s i g n  i s  

t o  be p laced  on a  tangent ,  cons tan t  grade and be l e g i b l e  a t  800 f e e t  

(columns 1 and 2 ) ,  t h i s  would r e q u i r e  a  16 i n c h  legend f o r  t h e  r e f l e c  

t i v e  s igns  (30 background, 500 legend and 10 background, 250 o r  500 

legend) and an 18 i n c h  legend f o r  t h e  n o n - r e f l e c t i v e  s i g n  ( u s i n g  a  70 
2  o r  250 legend) .  Use o f  a  b u t t o n  legend (500 c d / f t - c / f t  i s  a  good 

approx imat ion)  o r  a  n o n - r e f l e c t i v e  background would r e q u i r e  a t  1  eas t  

a  20 i n c h  legend t o  p r o v i d e  800 f e e t  l e g i b i l i t y  because o f  t h e  



r e l a t i v e l y  poor  performance of  t h e  combinat ion under c o n d i t i o n s  of 

h i g h  i l l u m i n a n c e  (38 f t l i n c h  l e t t e r  h e i g h t  on h i g h  beams as compared 

w i t h  49 f t / i n c h  l e t t e r  h e i g h t  on low beams). 

The reason f o r  t h e  g r e a t e r  spread o f  optimums i n  t h e  case o f  

t h e  n o n - r e f l e c t i v e  background l i e s  i n  t h e  f a c t  t h a t  l e g i b i l i t y  i s  

l a r g e l y  determined by luminance c o n t r a s t .  Wi th  a  r e t r o r e f l e c t i v e  

background, luminance c o n t r a s t  remains cons tan t .  It i s  t r u e  t h a t  

optimum c o n t r a s t  changes w i t h  luminance l e v e l ,  go ing down as l u m i -  

nance inc reases ,  b u t  t h i s  i s  n o t  a  ma jo r  e f f e c t .  Wi th  a  non- 

r e f l e c t i v e  background, c o n t r a s t  changes d i r e c t l y  w i t h  i 1 luminance 

( a t  l e a s t  so f a r  as t h e  eye i s  concerned).  Since t h e  range o f  o p t i -  

mum c o n t r a s t  i s  narrow r e l a t i v e  t o  t h e  range o f  i l l u m i n a n c e  cond i -  

t i o n s  a r i s i n g  f rom changes i n  headlamp beams o r  t r a f f i c  d e n s i t y .  

t h e r e  a r e  s u b s t a n t i a l  changes i n  t h e  1  egend s p e c i f i c  luminance 

assoc ia ted  w i t h  peak performance under d i f f e r e n t  c o n d i t i o n s  . 
The c a u t i o n s  j u s t  noted concern ing t h e  use o f  n o n - r e f l e c t i v e  

backgrounds do n o t  app ly  t o  i n s t a l l a t i o n s  i n  w e l l - l i g h t e d  areas 

s i n c e ,  as has been p o i n t e d  o u t  e a r l i e r ,  one of  t h e  e f f e c t s  of h i g h  

sur round luminance i s  t o  reduce t h e  d e t r i m e n t a l  e f f e c t  of excess ive 

legend 1  uminance c o n t r a s t .  I f  non- re f  l e c t i v e  backgrounds a r e  

planned f o r  use i n  a  w e l l - i l  l um ina ted  environment, as on some urban 

freeways, t h e  data  d e s c r i b i n g  h i g h  beam v iew ing  c o n d i t i o n s  shou ld  be 

ignored  and t h e  legend s p e c i f i c  1  uminance based on t h e  low beam 

v iew ing  c o n d i t i o n s  . 
The d i s c u s s i o n  t o  t h i s  p o i n t  has been l a r g e l y  r e l e v a n t  t o  s igns  

w i t h  w h i t e  legends.  However, t h e  problems which are  assoc ia ted  w i t h  

n o n - r e f l e c t i v e  backgrounds a l s o  app ly  t o  s igns  us ing  b l a c k  legends.  

Tab le  14 has been prepared t o  i l l u s t r a t e  t h i s  p o i n t .  

Tab le  14 i s  made up o f  t h e  data  f o r  n o n - r e f l e c t i v e  legends from 

t h e  fou r  f i g u r e s  i n  Chapter 2 which p e r t a i n  t o  roads ide  s i g n s ,  

C l e a r l y ,  no background s p e c i f i c  luminance l e v e l  i s  assoc ia ted  w i t h  

optimum l e g i b i l i t y  i n  a l l  cases. A few s p e c i a l  p o i n t s  shou ld  be 

no ted  w i t h  r e g a r d  t o  b l a c k  legend s igns  however: 



TABLE 14. L e g i b i l i t y  d is tances ( f t l i n c h  l e t t e r  h e i g h t )  as a f u n c t i o n  
o f  background s p e c i f i c  1 uminance f o r  s igns  hav ing b l ack  
legends i n  f o u r  d i f f e r e n t  s i g n i n g  s i t u a t i o n s .  

I ! F i gu re  Number 

I 4 7 8 
I I Background S p e c i f i c  Roadside Roadside Roadside Roadside 1 
I Luminance I Low High L e f t  Curve R igh t  C u r v e 4  
I ( c d l f t - c l f t  ) 
I 

Beams Beams Low Beams Low Beams 



1. Many o f  t hese  a r e  symbol s igns  ( e s p e c i a l l y  t h e  y e l l o w  and 

orange s e r i e s ) .  The l e g i b i l i t y  d a t a  developed i n  t h i s  

s tudy  a r e  n o t  r e l e v a n t  t o  symbol s i g n s .  C o n s p i c u i t y ,  

which i s  l a r g e l y  determined by luminance,  i s  ve ry  

i m p o r t a n t  t o  symbol s i g n s .  

2 .  Even f o r  word s igns  i n  t h e  y e l l o w  and orange s e r i e s ,  

consp icu i  t y  i s  ve ry  i m p o r t a n t .  Thus, h i g h  1  uminance 

may be favo red ,  e s p e c i a l l y  s i n c e  l e g i b i l i t y  can be 

changed i n  o t h e r  ways (e .g .  , i n c r e a s i n g  legend s i z e ) .  

3 .  Many b l a c k  legend s igns  a r e  smal l  and designed f o r  

r e l a t i v e l y  s h o r t  l e g i b i l i t y  d i s t a n c e s .  T h i s  means t h a t  

i n c i d e n c e  and d ivergence ang les  l a r g e r  than  -4' and 0.2' 

shou ld  be cons idered i n  u s i n g  t h e  p r e d i c t i v e  l e g i b i l i t y  

d i  s tance da ta .  

Given t h a t  b l a c k  legend s igns  f o r c e  a  c h o i c e  between c o n s p i c u i t y  

and l e g i b i l i t y ,  recommendations f o r  m a t e r i a l s  a r e  more d i f f i c u l t .  I n  

genera l ,  f o r  y e l l o w  and orange s e r i e s  s i g n s ,  consp icu i  t y  shou ld  be 

favored and h i g h l y  r e f l e c t i v e  m a t e r i a l s  would have c o n s i d e r a b l e  m e r i t .  

T h i s  wou ld  be p a r t i c u l a r l y  t r u e  f o r  symbol s igns ,  b u t  would a l s o  

app ly  t o  word s i g n s .  L e g i b i l i t y  would be o f  more concern w i t h  w h i t e  

background s igns  and h i g h l y  r e f l e c t i v e  m a t e r i a l s  would p robab ly  be a  

poor c h o i c e  f o r  s igns  designed t o  be v iewed a t  f a i r l y  l o n g  d i s t a n c e s  

i n  a  da rk  sur round (highway speed l i m i t  s i g n s ,  f o r  example). On t h e  

o t h e r  hand, h i g h l y  r e f l e c t i v e  m a t e r i a l s  would work w e l l  i n  an i l l u m i -  

na ted surround,  o r  where c o n s p i c u i t y  i s  judged t o  be v e r y  i m p o r t a n t ,  

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

i n c i d e n c e  and d ivergence ang les  would a p p l y .  

I n  sum, s i g n  backgrounds have a  s u b s t a n t i a l  e f f e c t  on s i g n  

l e g i b i l i t y  and t h e  cho ice  i s  an i m p o r t a n t  one t o  a  t r a f f i c  e n g i -  

n e e r i n g  agency. From a  l e g i  b i  1  i ty  p o i n t  o f  v iew,  r e f l e c t o r i z e d  back- 

grounds a r e  favo red .  Whether t h e  moderate l e g i b i l i t y  advantages 

assoc ia ted  w i t h  h i g h l y  r e f l e c t i v e  background m a t e r i a l s  a r e  c o s t -  

b e n e f i c i a l  r e q u i r e s  c o n s i d e r a t i o n  o f  o t h e r  f a c t o r s  such as purchase 



p r i c e ,  e f f e c t i v e  1  i f e ,  e t c .  

Legend M a t e r i a l s .  Legend luminance c o n t r a s t  i s  t h e  most 

i m p o r t a n t  f a c t o r  i n  s i g n  l e g i b i l i t y .  For s igns  i n  dark  surrounds i t  

i s  p o s s i b l e  t o  have t o o  much o r  t o o  l i t t l e  c o n t r a s t  and t h e  cho ice  

o f  legend i s  more c r i t i c a l .  For s igns  i n  h i g h l y  i l l u m i n a t e d  surrounds, 

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

of h i g h  c o n t r a s t  i s  e l i m i n a t e d .  

A s u b s t a n t i a l  amount has a l ready  been s a i d  about legend r e f l e c -  

t i v i t y  i n  t h e  preceding s e c t i o n  and t h e r e  i s  no p o i n t  i n  r e p e a t i n g  i t  

here.  For most a p p l i c a t i o n s  t h e r e  i s  a  s u b s t a n t i a l  range of near-  

optimum legend s p e c i f i c  luminances and one o r  more m a t e r i a l s  can be 

found w i t h i n  t h a t  range. I f  a  s i n g l e  m a t e r i a l  must do f o r  a l l  a p p l i -  

ca t ions ,  t h e  cho ice  i s  much narrower,  as noted e a r l i e r .  

There a r e  some p o i n t s  regard ing  legend choices which should  be 

noted : 

1. Using legends and backgrounds f rom t h e  same fami l y  o f  

m a t e r i a l s  w i l l  produce luminance c o n t r a s t  be1 ow optimum. 

For example, f o r  a  w h i t e  on green s i g n ,  a  cunmon m a t e r i a l  
2 has a  s p e c i f i c  luminance o f  10 c d / f t - c / f t  i n  green and 

2 70 c d / f t - c / f t  i n  w h i t e  (manufacturer 's  s p e c i f i c a t i o n s ) .  

R e f e r r i n g  t o  Table 13, such a  combinat ion would r e s u l t  

i n  l e g i b i l i t y  d is tances 10-15% below what i s  p o s s i b l e  w i t h  

o t h e r  legend m a t e r i a l s .  

The data  a r e  based on t h e  use o f  manufacturer 's  s p e c i f i -  

c a t i o n s ,  which rep resen t  minima. A1 though t h e r e  can be a  

s u b s t a n t i a l  range of s p e c i f i c  luminances from sample t o  

sample o f  " i d e n t i c a l "  m a t e r i a l s ,  t h i s  w i l l  n o t  s e r i o u s l y  

a f f e c t  p r e d i c t e d  l e g i b i l i t y  d i s tance ,  so l o n g  as t h e  com- 

b i n a t i o n s  e l e c t e d  a r e  i n  t h e  optimum range. However, 

e s p e c i a l l y  i n  t h e  low c o n t r a s t  range, chance v a r i a t i o n s  

i n  s p e c i f i c  luminance can have a  much g r e a t e r  e f f e c t  on 

a c t u a l  l uminance c o n t r a s t  and, hence, on l e g i  b i  1  i t y  



d i s t a n c e .  T h i s  i s  a  f u r t h e r  reason f o r  a v o i d i n g  l ow  

c o n t r a s t  combinat ions .  

3. Where a  m a t e r i a l  cho ice  i s  p o s s i b l e  i n  t h e  optimum range,  

c o n s i d e r a t i o n  shou ld  be g i v e n  t o  t h e  more r e f l e c t i v e  

p r o d u c t .  I t  w i l l  be r e c a l l e d  t h a t  t h e  data  a r e  based on 

young, normal s u b j e c t s .  A d d i t i o n a l  luminance c o n t r a s t  

w i l l  a i d  o l d e r  d r i v e r s  and those  a f f l i c t e d  w i t h  l ow  con- 

t r a s t  a c u i t y  problems. 

4. I f  p o s s i b l e ,  t h e  legend m a t e r i a l  shou ld  be chosen t o  

decay more s l o w l y  than  t h e  background. T h i s  w i l l  r e s u l t  

i n  an i n c r e a s e  i n  legend luminance c o n t r a s t  as t h e  s i g n  

ages. As has a l r e a d y  been noted,  l e s s  r e f l e c t i v e  back- 

grounds r e q u i r e  more 1  umi nance c o n t r a s t  t o  ach ieve  1  e g i  - 
b i  1  i t y  d i s t a n c e  comparable t o  h i g h l y  r e f 1  e c t i v e  backgrounds. 

The l o s s  i n  l e g i b i l i t y  d i s t a n c e  n o r m a l l y  a s s o c i a t e d  w i t h  

t h e  decay o f  s i g n i n g  m a t e r i a l  can be m in im ized  i f  t h e  

legend luminance c o n t r a s t  i nc reases  as t h e  background 

becomes l e s s  r e f l e c t i v e .  T h i s  w i l l  i n c r e a s e  t h e  e f f e c -  

t i v e  l i f e  o f  t h e  s i g n .  

MAINTENANCE AND REPLACEMENT OF RETROREFLECTIVE SIGNS 

As i t  i s  p o s s i b l e  t o  p r e d i c t  t h e  l e g i b i l i t y  o f  new s i g n s ,  i t  i s  

p o s s i b l e  t o  p r e d i c t  changes i n  l e g i b i l i t y  o v e r  t i m e  a s s o c i a t e d  w i t h  

d i r t  b u i l d  up and/or  ag ing  e f f e c t s ,  i f  pho tomet r i c  data  a r e  a v a i l a b l e .  

For example, cons ide r  an overhead gu ide  s i g n  on a  tangen t ,  

c o n s t a n t  grade ( F i g u r e  1, Tab le  3 ) .  Suppose t h e  s i g n  uses a  
2 2 10 c d / f t - c / f t  background and a  70 c d / f t - c / f t  legend i n  16 i n c h  

s i z e .  The da ta  suggest  t h a t ,  new, t h i s  s i g n  would have a  l e g i b i l i t y  

d i s t a n c e  o f  672 f e e t .  I f  pho tomet r i c  data  i n d i c a t e d  t h a t ,  a f t e r  a  

p e r i o d  o f  t i m e ,  t h e  s p e c i f i c  luminance had dropped by 50%, would t h i s  

i n d i c a t e  a  need f o r  c l e a n i n g  o r  replacement? I n  Tab le  3, va lues  o f  

5  f o r  t h e  background and 35 f o r  t h e  legend would r e s u l t  i n  an 

expected l e g i  b i  1 i t y  d i s t a n c e  o f  about  610 f e e t .  Whether t h i s  10% 



r e d u c t i o n  i n  l e g i  b i  1  i t y  d i s t a n c e  w a r r a n t s  c l e a n i n g ,  r e f u r b i s h i n g  o r  

rep1  acement depends on whether e n g i n e e r i n g  persons i n v o l v e d  t h i n k  

610 f e e t  adequate l e g i  b i  1  i t y  f o r  t h a t  s i t u a t i o n .  Presumably i t  

would  be w i s e  t o  des ign  s i g n s  w i t h  s u b s t a n t i a l l y  more than  a  10% 

marg i  n  o f  excess l e g i  b i  1  i t y  d i s t a n c e .  

I f  t h e  same s i g n  were t o  decay t o  t h e  p o i n t  where t h e  s p e c i f i c  

luminances were 1110th t h e  new va lues ,  t h i s  would r e s u l t  i n  a  l e g i -  

b i l i t y  d i s t a n c e  o f  about  480 f e e t .  Again,  whether t h i s  i s  s a t i s -  

f a c t o r y  performance depends on t h e  expectanc ies  o f  t h e  persons 

r e s p o n s i b l e .  However, i t  shou ld  be n o t e d  t h a t  by t h e  t i m e  a  s i g n  

has decayed t o  t h i s  p o i n t ,  n o t  o n l y  has l e g i b i l i t y  dropped sub- 

s t a n t i a l l y  b u t  c o n s p i c u i t y  and t h e  e f f e c t  o f  c o l o r  cod ing  have been 

g r e a t l y  reduced as we1 1 .  These a r e  a d d i t i o n a l  c o n s i d e r a t i o n s  i n  

d e c i s i o n s  concern ing  t h e  adequacy of a  s i g n .  

U n f o r t u n a t e l y ,  d e c i s i o n s  such as those  ou t1  i n e d  a r e  compl i c a t e d  

a t  t h i s  t i m e  by an a lmos t  t o t a l  l a c k  of  s y s t e m a t i c ,  t i m e - r e l a t e d ,  

p h o t o m e t r i c  da ta  on s i g n  m a t e r i a l s .  I t  w i l l  be necessary f o r  t h e  

i n t e r e s t e d  t r a f f i c  e n g i n e e r i n g  agency t o  deve lop t h e i r  own da ta .  

The process need n o t  be canp l  i c a t e d .  A smal l '  sample of  s i g n s  can 

be s e l e c t e d  f o r  r e g u l a r  p h o t o m e t r i c  checks and t h e  changes i n  l e g i -  

b i l i t y  d i s t a n c e  p l o t t e d  as a  f u n c t i o n  o f  t i m e .  These data  can be 

used t o  i n f e r  t o  a1 1  s i g n s  i n  t h e  system. There a r e  p r e s e n t l y  

a v a i  1 a b l e  conven ien t  and a c c u r a t e  i n s t r u m e n t s  wh ich  make i t  poss i  - 
b l e  t o  deve lop such a  da ta  base a t  low c o s t .  

I n f o r m a t i o n  r e 1  a t i n g  l e g i  b i  1  i t y  t o  p h o t o m e t r i c  c h a r a c t e r i s t i c s  

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

However, f i  rrn d e c i s i o n s  r e g a r d i n g  t h e  minimum performance l e v e l  con- 

s i d e r e d  accep tab le  depend on a  number of c o n s i d e r a t i o n s .  The 

f o l l o w i n g  a r e  o f f e r e d  as g u i d e l i n e s :  

1. The minimum l e g i b i l i t y  d i s t a n c e  can be based on cons ide ra -  

t i o n  o f  t h e  amount o f  t i m e  r e q u i r e d  t o  r e a d  t h e  message. 



Moore and C h r i s t i e  (1963) found r e a d i n g  t imes  equal  t o :  

N/3 + 2 seconds 

where N  = t h e  number o f  words on t h e  s i g n .  

Assuming an 8 5 t h  p e r c e n t i l e  speed o f  100 f t / s e c ,  t h i s  means 

a  s i g n  hav ing  6 words shou ld  have a  minimum l e g i b i l i t y  d i s -  

tance o f  400 f e e t .  T h i s  fo rmu la  i n d i c a t e s  a  minimum 

d i s t a n c e  t o  r e a d  t h e  s i g n ;  g r e a t e r  d i s t a n c e  may be a d v i s -  

a b l e  i f  t h e  s i g n  i s  c l o s e  t o  a  maneuver p o i n t .  

2. When background s p e c i f i c  luminance reaches a  l e v e l  o f  about  
2  

1 c d / f t - c / f t  c o l o r  d e f i n i t i o n  i s  l a r g e l y  l o s t ,  e s p e c i a l l y  

on overhead s i g n s  w i t h  low t r a f f i c  d e n s i t y .  Poor consp i -  

c u i t y  r e s u l t s  as w e l l .  It i s  a d v i s a b l e  t o  r e p l a c e  m a t e r i a l s  

wh ich  have degraded t o  t h i s  e x t e n t ,  even i f  they  s t i l l  o f f e r  

adequate l e g i b i l i t y  d i s t a n c e  by t h e  measure i n d i c a t e d  i n  1. 

OTHER SIGN POSITIONS 

The p o s i t i o n  i n d i c a t e d  f o r  t h e  roads ide  s i g n  i n  t h e  p r e d i c t i v e  

l e g i b i l i t y  d i s t a n c e  curves (12 f e e t  [ 3 . 7  met res ]  f rom t h e  edge o f  t h e  

pavement) i s  f a i r l y  c l o s e  t o  t h e  road  f o r  l a r g e  s i g n s .  Placements up 

t o  30 f e e t  (9.14 met res)  f rom t h e  edge o f  t h e  pavement a r e  common. 

He igh ts  above t h e  roadway g r e a t e r  t han  8 f e e t  (2.44 me t res )  a r e  a l s o  

encountered.  E i t h e r  s i t u a t i o n  would reduce t h e  amount of il lumina-  

t i o n  reach ing  t h e  s i g n  t o  some e x t e n t .  An overhead s i g n  r e p r e s e n t s  a  

w o r s t  case i n  terms of i l l u m i n a t i o n ,  s i n c e  low beam headlamps, by  

des ign,  p r o j e c t  re1  a t i v e l y  1  i t t l e  1  i g h t  above t h e  h o r i z o n t a l  , 
e s p e c i a l l y  t o  t h e  l e f t  and c e n t e r .  I n  t h e  case of  l a r g e  f reeway 

s i g n s ,  i n c r e a s i n g  l a t e r a l  o f f s e t  from t h e  12 f e e t  ( 3 . 7  me t res )  g i v e n  

i n  t h e  curves t o  30 f e e t  (0.14 met res)  would have a  m ino r  e f f e c t  on 

s i g n  1  uminance and, hence, on l e g i  b i  1  i t y .  I n c r e a s i n g  h e i g h t  above 

t h e  roadway would  have a  g r e a t e r  e f f e c t .  The f o l l o w i n g  g u i d e l i n e s  

shou ld  be cons idered:  

1. For  l a t e r a l  o f f s e t s  g r e a t e r  t han  20 f e e t  ( 6  me t res ) ,  t h e  

use of a  more h i g h l y  r e f l e c t i v e  legend m a t e r i a l  would be 



b e n e f i c i a l ,  i f  i t  i s  s t i l l  i n  t h e  optimum range d e f i n e d  

by t h e  a p p r o p r i a t e  t a b l e  i n  Chapter  2 .  

2 .  Any s i g n  15 f e e t  ( 4 . 6  me t res )  o r  more above t h e  road  

su r face  s h o u l d  be t r e a t e d  as an overhead s i g n  f o r  p u r -  

poses o f  m a t e r i a l  s e l e c t i o n .  

CORRECTION FOR STREAM TRAFFIC EFFECTS 

Youngblood and Wol tman (1976) r e p o r t e d  t h a t ,  i n  dense t r a f f i c ,  

s i g n  luminance m i g h t  i n c r e a s e  by as much as e i g h t  t imes  o v e r  a  s i n g l e  

c a r - - l o w  beam s i t u a t i o n .  As i t  happens, t h i s  i s  c l o s e  t o  t h e  change 

i n  luminance a s s o c i a t e d  w i t h  s w i t c h i n g  f rom low  t o  h i g h  beams. Thus, 

h i g h  beam data  ( F i g u r e  2 and 4 )  can be used t o  approximate heavy 

s t ream t r a f f i c  e f f e c t s  under some c o n d i t i o n s .  Note however, t h a t  

t h i s  e f f e c t  i s  most pronounced a t  v i e w i n g  d i s t a n c e s  o f  1000 f e e t  

(305 me t res )  o r  more and drops o f f  r a p i d l y  a t  s h o r t e r  d i s tances .  

I n d i c a t i o n s  a r e  t h a t  a t  600 f e e t  (183 me t res )  luminance m i g h t  be 

i n c r e a s e d  by a  f a c t o r  o f  f o u r  and t h e  d i f f e r e n c e  i s  n e g l i g i b l e  a t  

300 f e e t  ( 9 1  m e t r e s ) .  The e f f e c t  a l s o  depends on s i g n  p o s i t i o n .  I t  

i s  maximum f o r  overhead s igns  on t h e  o b e r v e r ' s  l e f t  and i s  min imal  

f o r  r o a d s i d e  s i g n s .  

A1 t e r n a t i v e l y  , b o t h  legend and background s p e c i f i c  1  uminance 

va lues can be i n c r e a s e d  by t h e  mu1 t i p 1  i e r  judged a p p r o p r i a t e .  Fo r  

example, i f  a  s i g n  has a  background s p e c i f i c  luminance o f  10 
2 2  

c d l f t - c / f t  and a  l egend  s p e c i f i c  luminance of 70 c d l f t - c l f t  and i t  

i s  though t  t h a t  st ream t r a f f i c  c o n d i t i o n s  f o r  t h e  road  i n  q u e s t i o n  

m i g h t  i n c r e a s e  luminance by a  f a c t o r  o f  4, t r e a t  t h e  s p e c i f i c  l u m i -  

nance va lues as 40 and 280 and c o n s u l t  t h e  a p p r o p r i a t e  f i g u r e  o r  

t a b l e .  Thus, if a  s i g n  such as desc r ibed  i n  F i g u r e  1 were under 

c o n s i d e r a t i o n ,  s i n g l e  c a r  low beam l e g i b i l i t y  wou ld  be es t ima ted  as 

43 f t l i n c h  l e t t e r  h e i g h t .  Under s t ream t r a f f i c  c o n d i t i o n s  l e g i  b i  1  i t y  

would be expected t o  i n c r e a s e  t o  46-47 f t / i n c h  l e t t e r  h e i g h t .  It 

shou ld  be no ted  t h a t  l e g i b i l i t y  d i s t a n c e  w i l l  n o t  always improve under  

s t ream t r a f f i c  c o n d i t i o n s ,  e s p e c i a l  l y  i f  non-ref1 e c t i v e  backgrounds 

a r e  i n  use. 



CORRECTIONS FOR BACKGROUND COLOR 

The s p e c i f i c a t i o n s  p rov ided  a r e  f o r  w h i t e  on green c o n f i g u -  

r a t i o n s .  The r e s u l t s  o f  the  l a b o r a t o r y  i n v e s t i g a t i o n  (Appendix B) 

i n d i c a t e  t h a t  t h e  green data app ly  e q u a l l y  w e l l  t o  b l u e  back- 

grounds and can be used f o r  e i t h e r .  The l a b o r a t o r y  da ta  a l s o  

i n d i c a t e  t h a t  e q u i v a l e n t  l e g i  b i  1  i t y  on a  r e d  background r e q u i r e s  

about double t h e  c o n t r a s t  as on a  green o r  b l u e .  S ince r e d  back- 

ground s igns  a r e  g e n e r a l l y  made by s i l k  sc reen ing  on a  w h i t e  mate- 

r i a l ,  g r e a t e r  c o n t r a s t  can o n l y  be achieved by u s i n g  an i n k  which 

f u r t h e r  reduces t h e  luminance o f  t h e  r e d  p o r t i o n .  Th is  reduces 

c o n s p i c u i t y ,  a  poor  t r a d e - o f f ,  i n  t h e  o p i n i o n  o f  t h e  au tho rs .  Given 

t h a t  c o n s p i c u i t y  i s  such an i m p o r t a n t  f a c t o r  i n  r e d  background s i g n s ,  

and t h a t  c o l o r  and shape p r o v i d e  redundant i n f o r m a t i o n ,  i t  i s  f e l t  

t h a t  l e g i b i l i t y  i s  a  m ino r  c o n s i d e r a t i o n .  

For  s igns  empl oy ing  n o n - r e f l e c t i v e  legends t h e  data  p e r t a i n  t o  

w h i t e  backgrounds. A w h i t e  background r e q u i r e s  somewhat 1 ess 1  umi - 
nance t o  ach ieve t h e  same l e g i b i l  i t y  d i s t a n c e  as e i t h e r  ye1 low o r  

orange (see F i g u r e  8-15) ,  However, t h e  d i f f e r e n c e s  a r e  n o t  such as 

t o  r e s u l t  i n  a  l a r g e  d i f f e r e n c e  i n  l e g i b i l i t y .  I n  genera l ,  u s i n g  

w h i t e  background data  f o r  y e l l o w  o r  orange s igns  w i l l  r e s u l t  i n  a  

5-10% overes t ima te  o f  1  e g i  b i  1 i t y  d i s t a n c e .  



CHAPTER 4 

CONCLUSIONS AND SUGGESTED RESEARCH 

CONCLUSIONS 

I n  r e a d i n g  t h e  conc lus ions  p resen ted  he re  i t  i s  necessary t o  

unders tand t h a t  t h e y  a r e  o f f e r e d  i n  t h e  c o n t e x t  of t h e  p r e s e n t  

i n v e s t i g a t i o n .  The au tho rs  recogn ize  t h a t  l e g i  b i  1  i t y  i s  d e t e r -  

mined i n  p a r t  by f a c t o r s  o t h e r  than  those we have i n c l u d e d  (e .g . ,  

l e t t e r  s i z e ,  s t r o k e  w i d t h ,  spac ing ) .  I n  o u r  o p i n i o n  these areas 

have been adequate ly  convered by o t h e r  researchers .  Thus, a  s t a t e -  

ment t o  t h e  e f f e c t  t h a t  such and such v a r i a b l e  i s  t h e  o n l y  f a c t o r  

d e t e r m i n i n g  l e g i b i l i t y  shou ld  be unders tood t o  mean "of those  

f a c t o r s  t e s t e d .  " 

1 .  S ign  l e g i b i l i t y  i s  determined by a  v a r i e t y  o f  f a c t o r s ,  

among t h e  most i m p o r t a n t  o f  wh ich a r e  t h e  luminance 

c h a r a c t e r i s t i c s .  

2 .  Whi le  h i g h l y  r e f l e c t i v e  s i g n  backgrounds have t h e  poten-  

t i a l  o f  p r o v i d i n g  somewhat g r e a t e r  l e g i  b i  1  i t y  d i s t a n c e  

than  n o n - r e f l e c t i v e  o r  moderate ly  r e f l e c t i v e  backgrounds, 

any background m a t e r i a l  i s  capab le  o f  y i e l d i n g  s a t i s -  

f a c t o r y  1 e g i  b i  1  i t y  d i s t a n c e .  The p r i m a r y  d i f f e r e n c e s  

among backgrounds a r e  i n  terms of  c o n s p i c u i t y ,  c o l o r  

r e n d i t i o n  and a b i l i t y  t o  m a i n t a i n  maximum l e g i b i l i t y  

d i s t a n c e  under a  v a r i e t y  o f  i l l u m i n a t i o n  c o n d i t i o n s .  

3 .  For  s i g n s  hav ing  w h i t e  1  egends , legend 1  umi nance o o n t r a s t  

i s  t h e  p r i m a r y  f a c t o r  i n  s i g n  l e g i b i l i t y .  The c o n t r a s t  

r e q u i r e d  f o r  optimum l e g i  b i  1  i t y  depends on background 1  umi - 
nance. I n  genera l  , t h e  h i g h e r  t h e  background luminance, 

t h e  1  ower t h e  r e q u i r e d  c o n t r a s t  . 
4 .  I-egend luminance i s  t h e  o n l y  f a c t o r  d e t e r m i n i n g  t h e  l e g i -  

b i l  i t y  o f  s igns  hav ing n o n - r e f l e c t i v e  o r  b l a c k  backgrounds. 

As a  r e s u l t  such s i g n s  a r e  more s e n s i t i v e  (as measured by 

changes i n  l e g i  b i  1 i t y  d i s t a n c e )  t o  changes i n  i 1  l u m i n a t i o n .  



5 .  Background luminance i s  t h e  p r imary  f a c t o r  i n  l e g i -  

b i l i t y  o f  s igns  hav ing b l a c k  legends.  The h i g h  luminance 

1  eve1 s  r e q u i r e d  f o r  conspi  c u i  t y  and c o l o r  r e n d i  t i ton appear 

t o  reduce l e g i b i l i t y .  For  many such s igns  c o n s p i c u i t y  i s  

o f  p r imary  concern and some l o s s  o f  l e g i b i l i t y  can be 

t o l e r a t e d .  Where l e g i  b i l  i t y  i s  o f  importance,  i t  i s  

necessary t o  i nc rease  legend s i z e  and s t r o k e  w i d t h  as 

background r e f 1  e c t i  v i  t y  i nc reases  . 
6. W i t h i n  a  g i v e n  c o n t r a s t  d i r e c t i o n ,  t h e  d i f f e r e n c e s  i n  

l e g i b i l i t y  assoc ia ted  w i t h  background c o l o r  a r e  r e l a -  

t i v e l y  sma l l  ( b l a c k  background excepted) and of  no 

p r a c t i c a l  s i g n i f i c a n c e .  

7 .  I n c r e a s i n g  sur round 1  umi nance r e s u l t s  i n  improvements 

i n  s i g n  l e g i b i l i t y ,  rega rd less  o f  t h e  m a t e r i a l  combina- 

t i o n  used. 

8. There a r e  ve ry  s u b s t a n t i a l  d i f f e r e n c e s  i n  t h e  a b i l i t y  o f  

d i f f e r e n t  peop le  t o  read  highway s i g n s .  These d i f f e r e n c e s  

a r e  l a r g e l y  independent o f  t h e i r  per formance on a  conven- 

t i o n a l  t e s t  f o r  f a r  a c u i t y ,  such as m i g h t  be g i v e n  d u r i n g  a  

d r i v e r  ' s  1  i cense examinat ion .  

SUGGESTED RESEARCH 

C e r t a i n  a d d i t i o n a l  research  would add s i g n i f i c a n t l y  t o  t h e  va lue  

o f  what has been presented here .  A b r i e f  d e s c r i p t i o n  f o l l o w s :  

1. The s i g n  as a  d i s a b i l i t y  g l a r e  source.  As i n d i c a t e d  e a r l i e r ,  

t h e r e  would be s i g n i f i c a n t  l e g i b i l i t y  b e n e f i t s  i n  t h e  use of 

background m a t e r i a l s  hav ing r e f l e c t i v i t y  c h a r a c t e r i s t i c s  

g r e a t e r  t han  i s  p r e s e n t l y  a v a i l a b l e ,  e s p e c i a l l y  on overhead 

i n s t a l l a t i o n s .  The l i m i t i n g  f a c t o r  i n  t h e  development o f  

such m a t e r i a l  i s  t h e  p o i n t  a t  which t h e  s i g n  becomes a  

d i s a b i l i t y  g l a r e  source t o  t h e  d r i v e r ;  t h a t  i s ,  when t h e  s i g n  

i s  so b r i g h t  i t  makes i t  d i f f i c u l t  t o  see o t h e r  roadway 

features  e s s e n t i a l  t o  t h e  s a f e  o p e r a t i o n  o f  t h e  v e h i c l e .  

Present  m a t e r i a l s  appear n o t  t o  pose such a  problem and 



t h e  research  r e p o r t e d  he re  was p r i m a r i l y  concerned w i t h  

p r e s e n t l y  a v a i l a b l e  m a t e r i a l s .  

An i n v e s t i g a t i o n  o f  d i s a b i l i t y  g l a r e  e f f e c t s  wou ld  

be an a p p r e c i a b l e  u n d e r t a k i n g ,  as i t  must c o n s i d e r  s i g n  

1  uminance, su r round  1  uminance, s i z e ,  c o l o r  and r e l a t i o n -  

s h i p  t o  o t h e r  o b j e c t s  be ing  viewed. C o n s i d e r a t i o n  s h o u l d  

be g i v e n  b o t h  t o  t h e  case where t h e  s i g n  has been f i x a t e d  

and where i t  mere ly  appears i n  t h e  p e r i p h e r y .  

2 .  E f f e c t  o f  g l a r e  sources on s i g n  l e g i b i l i t y .  Wh i le  i t  i s  

t r u e  t h a t  h i g h  su r round  luminance l e v e l s  improve s i g n  

1  e g i  b i  1  i ty  , such an env i ronment  a1 so i n c r e a s e s  t h e  1  i k e l  i - 
hood o f  f i n d i n g  g l a r e  sources c l o s e  t o  a  s i g n .  Research 

on t h e  e f f e c t  o f  g l a r e  sources on s i g n  l e g i b i l i t y  wou ld  be 

h e l p f u l  i n  t h a t  i t  c o u l d  ( 1 )  f o rm a  b a s i s  f o r  laws rega rd -  

i n g  t h e  placement o f  p o t e n t i a l  g l a r e  sources such as 

a d v e r t i s i n g  s i g n s  near  a  r o a d  and/or  ( 2 )  p r o v i d e  g u i d e l i n e s  

f o r  t h e  1  uminance c h a r a c t e r i s t i c s  o f  s i g n s  p o s i t i o n e d  near  

g l a r e  sources.  

3. S ign  l e g i b i l i t y  f o r  t h e  genera l  d r i v i n g  p o p u l a t i o n .  The 

d i f f e r e n c e  i n  performance between t h e  v a r i o u s  groups o f  

s u b j e c t s  i n  t h i s  i n v e s t i g a t i o n  was much l a r g e r  t h a n  a n t i -  

c i p a t e d .  Other  research  has found no s i g n i f i c a n t  l i n k  

between f a r  a c u i t y  and c o l l i s i o n  i nvo lvemen t .  The work 

r e p o r t e d  he re  i n d i c a t e s  t h a t  f a r  a c u i t y  scores  do n o t  

n e c e s s a r i l y  c o r r e l a t e  h i g h l y  w i t h  t h e  a b i l i t y  t o  r e a d  r o a d  

s i g n s  a t  n i g h t .  C l e a r l y ,  i n f o r m a t i o n  o f  v a l u e  c o u l d  be 

developed i n  an i n v e s t i g a t i o n  wh ich  was concerned w i t h  t h e  

d e t e r m i n a t i o n  of t h e  v i s u a l  requ i remen ts  f o r  n i g h t  d r i v i n g .  
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INTRODUCTION 

A s u b s t a n t i a l  number o f  s t u d i e s  have been r e p o r t e d  d e a l i n g  w i t h  

t h e  e f f e c t  o f  s i g n  luminance on l e g i b i l i t y  and c o n s p i c u i t y .  The 

b u l k  o f  t h i s  work has appeared i n  t h e  l a s t  t e n  yea rs  o r  so, p o s s i b l y  

as a  response t o  t h e  problems eng ineers  f a c e  i n  hav ing  t o  choose 

from an i n c r e a s i n g  v a r i e t y  of m a t e r i a l s .  Some measure o f  t h e  e x t e n t  

of t h i s  problem i s  p r o v i d e d  by t h e  r e s u l t s  o f  a  survey on t h e  use 

of r e t r o r e f l e c t i v e  s i g n i n g  m a t e r i a l s  by t r a f f i c  eng ineer ing  agencies 

conducted as p a r t  o f  t h i s  i n v e s t i g a t i o n .  The d e t a i l s  a r e  p r o v i d e d  

i n  Appendix B of t h i s  r e p o r t .  Perhaps t h e  most  s t r i k i n g  f i n d i n g  t o  

emerge f rom t h e  survey i s  t h e  g r e a t  v a r i e t y  o f  approaches t o  s i g n i n g  

i n  use today.  Not  o n l y  do d i f f e r e n t  agencies use d i f f e r e n t  m a t e r i a l  

combinat ions ,  b u t  t hey  have d i f f e r e n t  p o l  i c i e s  r e g a r d i n g  m a t t e r s  

such as i l l u m i n a t i o n ,  i n s p e c t i o n ,  c l e a n i n g  and use o f  r e s t o r a t i v e  

processes.  I n  p a r t  these d i f f e r e n c e s  a r i s e  f rom un ique l o c a l  p rob-  

lems, ( c l i m a t e ,  budget  c o n s i d e r a t i o n s ,  e t c . )  b u t  i n  p a r t  t hey  

undoubted ly  r e f l e c t  d i f f e r e n c e s  o f  o p i n i  on concern ing t h e  s u b j e c t  

m a t t e r  of t h i s  i n v e s t i g a t i o n .  

Th is  rev iew  w i l l  b e g i n  w i t h  c o n s i d e r a t i o n  o f  t h e  e f f e c t  of  

luminance and c o n t r a s t  on s i g n  l e g i b i l i t y  and w i l l  t hen  deal  w i t h  

t h e  t o p i c  of s i g n  c o n s p i c u i t y .  T h i s  i s  p r a c t i c a l  because, even 

though l e g i b i l i t y  and c o n s p i c u i t y  a r e  b o t h  i n f l u e n c e d  by t h e  same 

v a r i a b l e s ,  t hey  have been t r e a t e d  as separa te  problems by i n v e s t i g a -  

t o r s .  L a t e r  s e c t i o n s  o f  t h e  rev iew  w i l l  deal  w i t h  s i g n  surrounds and 

env i ronmenta l  e f f e c t s .  (The term "background" has been used t o  r e f e r  

t o  p a r t  o f  t h e  s i g n  i t s e l f  and t o  t h e  environment w i t h i n  wh ich  t h e  

s i g n  i s  p laced .  I n  t h i s  r e p o r t  "background" s h a l l  mean t h a t  p o r t i o n  

o f  t h e  s i g n  t o  wh ich  t h e  legend i s  f i x e d  and "sur round"  s h a l l  be used 

t o  d e s c r i b e  t h e  environment which forms t h e  backdrop f o r  t h e  s i g n . )  



LEGIBILITY 

A number o f  me thodo log ica l  approaches have been employed by t h e  

v a r i o u s  i n v e s t i g a t o r s  i n  t h i s  problem area.  However, a l l  t h e  s t u d i e s  

f a l l  i n t o  one o f  f o u r  genera l  c l a s s i f i c a t i o n s .  B a s i c a l l y ,  these a r e  

as f 01 1  ows : 

1. S tud ies  i n  wh ich  t h e  p a r t i c i p a n t s  s u b j e c t i v e l y  eva lua ted  

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

2. S tud ies  i n  which v a r i o u s  exper imenta l  techn iques a r e  

employed t o  o b t a i n  o b j e c t i v e  measures o f  t h e  e f f e c t  of 

d i f f e r e n t  l e v e l s  o f  1 uminance and c o n t r a s t  on l e g i  b i 1  i t y  

and/or  consp icu i  ty .  

3.  S tud ies  i n  which s i g n  luminance i s  measured under v a r i o u s  

condi  t i  ons . 
4. S tud ies  i n  which mathemat ical  models a r e  used t o  p r e d i c t  

s i g n  luminance and/or  l e g i b i l i t y .  

Tab le  A-1 i s  a  b r i e f  summary o f  i n v e s t i g a t i o n s  wh ich  have been 

concerned w i t h  t h e  e f f e c t  o f  s i g n  1  uminance c h a r a c t e r i s t i c s  on 

l e g i b i l i t y .  These s t u d i e s  w i l l  be rev iewed i n  g r e a t e r  d e t a i l  i n  t h e  

f o l l o w i n g  s e c t i o n .  

Apparen t l y ,  t h e  f i r s t  pub1 i s h e d  s tudy  o f  . s i g n  luminance was 

r e p o r t e d  by Forbes and Holmes (1939) .  They i n v e s t i g a t e d  l e g i  b i  1  i ty  

d i s t a n c e  f o r  b lack -on -wh i te  s igns  as a  f u n c t i o n  o f  l e t t e r  s e r i e s  

(B and D )  and l e t t e r  h e i g h t  ( 6  t o  24 i nches  [15 t o  61  cm.1). Com- 

pa r i sons  were made day and n i g h t  u s i n g  r e f l e c t o r i z e d  and i l l u m i n a t e d  

1  egends . The r e s u l t s  , based on 4600 observa t i ons  by 400 observers ,  

suggested t h a t  l e g i b i l i t y  d i s tances  o f  50 f t / i n c h  (6  m/cm) l e t t e r  

h e i g h t  were a p p r o p r i a t e  f o r  day v iew ing  c o n d i t i o n s  and normal 

(20/20 [6 /6 ]  ) v i s i o n .  The au tho rs  s t a t e  t h a t  f l o o d l i g h t i n g  i s  d e s i r -  

a b l e  when t h e  s i g n  i s  viewed a g a i n s t  a  l i g h t e d  sur round,  and r e f l e c -  

t o r i z e d  l e t t e r s  were found t o  do as w e l l  as f l o o d l i g h t i n g  when t h e  

sur round was da rk .  No s p e c i f i c  pho tomet r i c  va lues a r e  p rov ided .  



TABLE A - 1 .  Summary o f  S tud ies  o f  t h e  E f f e c t  o f  Luminance and C o n t r a s t  on S ign  L e g i b i l i t y .  

V a r i a b l e s  I F i n d i n g s  

Legend & background luminance,  Bes t  l e g i b i l i t y  a t  luminance o f  10 f t - L .  
l e t t e r  s i z e ,  lamp beam, s i g n  1 H igh beams a lmos t  as good as b e s t  i l l u -  
~ o s i  t i o n  m ina ted  s i o n .  low beams were 20-304 l e s s .  

-- 

A u t h o r ( ~ )  

A l l e n  

I - - 1 

I 
I I 1 l e t t e r  h e i g h t ,  s u b j e c t  age . 

C leve land  1 1966 ! F i e l d  l e a i b i l i t v  I Luminance, lamp beam and svs -  

Year 1 Technique 

1958 1 F i e l d  l e g i b i l i t y  
measurements 

A l l e n  & S t raub  

A l l e n  e t  a l .  

1 j measurements " ( tem, s i g n  and roadway ill&- 

1955 F i e l d  l e g i b i l i t y  I Ambient l i g h t i n g ,  lamp beam ' H igh  ambient :  l e g i b i l i t y  d i s t a n c e  / measurements and luminance 1 i n c r e a s e d  as lamp o u t p u t  & r e f l e c t i v i t y  1 

I I I n a t i o n  

1 L a b o r a t o r y  simu- 
1 l a t i o n  

1966 1 F i e l d  l e g i b i l i t y  
1967 I measurements 

inc reased .  Low ambient :  h i g h  beams no- 
b e t t e r  t h a n  low beams on h i g h l y  r e f l e c -  
r i  ve-sheetln!. - - - - - - - - - - - - - 
L e g i b i l i t y  i n c r e a s e d  w i t h  luminance.  Low 
luminance b e t t e r  a t  l ow ambient ,  h i g h  
luminance b e t t e r  a t  h i a h  ambient  l e v e l s .  

~~~~~~~~~~~~~~~~~~~~~~~~~ 

Luminance, ambient  i l l u m i n a -  
t i o n ,  l e t t e r  s e r i e s  and con- 
t r a s t  d i r e c t i o n  

Luminance, ambient  l e v e l ,  
c o n t r a s t .  c o n t r a s t  d i r e c t i o n .  

Bes t  l e g i b i l i t y  a t  20 f t - L  f o r  l ow and 
medium ambient .  Bes t  l e s i b i l i t v  a t  200 
f t - L  f o r  h i g h  ambient  conditio;. 

L e g i b i l i t y  d i s t a n c e s  g e n e r a l l y  i n  excess 
o f  50 f t / i n .  l e t t e r  h e i g h t .  Bes t  p e r f o r  
mance bv h i s h  beams, and i l l u m i n a t i o n  bv 

1 E l s t a d  e t  a 1  1962 1 A n a l y t i c a l  p l u s  S i g n  p o s i t i o n ,  d i s t a n c e .  r o a d  Wi th  h i g h  beams a l l  m a t e r i a l s  a r e  c l o s e  1 
c o n f i r m i n g  geometry,  lamp beam 1 t o  optimum zone ( A l l e n ,  1958).  Low 

I i 
D a h l s t e d t  L a b o r a t o r y  s tudy  

I I i measurements I 1 beams ooore r .  I 

C o n t r a s t  

~ l o o d l i ~ h t i n ~  d e s i r a b l e  i f  sur rounh  i s  I 1 i l l u m i n a t e d .  

c a r e f u l -  p lacement o f  roadway 1  uminai  res: / 
Optimum luminance a t  abou t  PO f t - L .  
Reduc t ion  i n  l e g i b i l i t y  a t  va lues  above 
and below t h a t  p o i n t .  I 

I I I 

Forbes & ' 1939 i F i e l d  l e q i b i l i t y  
Holmes I  measurements 

I t i o f ? .  L e g i b i l i t y  d i s t a n c e  increase;  as 
luminance and c o n t r a s t  i n c r e a s e  th rouah  

L e t t e r  s e r i e s  and h e i g h t ,  ' L e g i b i l i t y  d i s t a n c e  o f  50 f t / i n .  l e t t e r  
luminance,  dav and n i a h t  1 h e i a h t  f o r  normal v i s i o n  i n  t h e  dav. 

/ Forbes e t  a l .  i 1 I 

L a b o r a t o r y  s tudy  Luminance, c o l o r ,  c o n t r a s t  P resen ts  f a m i l y  o f  cu rves  showing r e l a -  I 

H icks  

H i l l s  and 
Freeman 

Keese e t  a l .  

Wal ton and 
Rowan 

1 a c t u a l  s i g n s  t h e  model i n d i c a t e d  they  1 8 were o f t e n  inadeoua te .  

/ and f i e l d  v a l i -  1 , t i o n s h i p  o f  v a r i a b l e s  under i n v e s t i q a -  I 

I I I I 

1 R ichardson 

1971 

I 

Luminance, lamp beam, l e v e l  
o f  a l c o h o l  

Luminance, c o n t r a s t ,  c o l o r  

P r i m a r i l y  concerned w i t h  f i x e d  
i l l u m i n a t i o n ,  t y p e  and 
mount ing  h e i g h t  

1974 

1970 

1966 

966 
1967 

1965 

1976 

range t e s t e d .  I 

B r i g h t e r  s i g n s  b e t t e r .  A lcoho l  i m p a i r e d  
d r i v e r s  r e q u i r e d  b r i g h t e r  s i g n s  f o r  
e q u i v a l e n t  performance.  - 
Prov ides  f a m i l y  o f  curves showing l e g i -  
b i l i t y  d i s t a n c e  as a  f u n c t i o n  o f  v a r i -  

1 
a b l e s  t e s t e d .  H igher  luminance - b e t t e r  
performance th rough  a l l  l e v e l s  t e s t e d .  

Mount ing h e i g h t  o f  40 f t .  f o r  l u m i n a i r e s  
y i e l d s  b e s t  l e g i b i l i t y  o f  s i g n s .  Signs 

I shou ld  be p l a c e d  i n  l i n e  w i t h  and 

L a b o r a t o r y  s imu- 
l a t i o n  

L a b o r a t o r y  s t u d y  

F i e l d  l e g i b i l i t y  
measurements 

1969 

Developed a  model t o  p r e d i c t  l e g i b i l i t y  
d i s t a n c e .  When c o m ~ a r e d  w i t h  s a m ~ l e  of  

A n a l y t i c a l  

I I 

1 20-60 f t .  beyond l u m i n a i r e s .  

D is tance ,  s i g n  p o s i t i o n ,  l u m i -  
nance. lam0 beam. road  

Measured e r r o r s  / Luminance 1 No s i g n i f i c a n t  d i f fe rences  among t h r e e  
i n d r i v i n g a  l e v e l s  of  r e f l e c t o r i z a t i o n .  

Rizenbergs 1972 1 F i e l d  observa- 1 t i o n s  

t e s t  course  

i F i e l d  l e g i b i l i t y  
Measurements 

-- - 
Luminance, su r round  1 Use of  encapsu la ted  l e n s  m a t e r i a l s  

i recommended. Luminance i n  excess o f  
20 f t - L  reduces l e q i b i l  i t v .  L e a i b i l i t v  

1 

Rumar & Os t  

Smyth 

S t raub  and 
A l l e n  

Swezey 

Woltman and 
Youngblood 

F i e l d  observa- 
t i o n s .  Lab t e s t s  

Photometry of 
p a i r e d  s i g n s  

Ri zenbergs 

Robertson 

I 
Woods e t  a l .  

Woods & Rowan 

Youngblood 
and Woltman 

t i v e  backgrounds. 

Luminance, c o l o r ,  s i g n  p o s i -  
t i o n ,  headlamp beam 

1974 

1974 

v i e w i n q  d i s t a n c e s .  Wet pavement a l s o  

1975 

1947 

No advantage t o  h i g h  i n t e n s i t y  back- 
grounds.  U n i t  r e f l e c t o r  legends b e s t .  
Opaque backgrounds b e t t e r  w i t h  low than  
h i g h  beams. Oppos i te  t r u e  f o r  r e f l e c -  

Luminance, d u r a b i l i t y ,  c o s t  

1 1976 

1970 1 S u b j e c t i v e  e v a l -  
u a t i o n  o f  e x i s t -  
r n g  s i q n s  1 

- - 
a f f e c t e d  by su r round .  

Encapsulated l e n s  m a t e r i a l s  f e l t  t o  
be b e s t  o v e r  l i f e  of  s i g n .  

F i e l d  l e g i b i l i t y  
measurements 

L a b o r a t o r y  
s i m u l a t i o n  

Shee t ing  m a t e r i a l s ,  i l l u m i -  Encapsulated l e n s  s h e e t i n g  as good as 
n a t e d  / i l l u m i n a t i n a  on s t r a i a h t  road  s e c t i o n s .  , 

i nc reases  s i q n  luminance.  

No t  as good-on curves: I 

1956 / A n a l y t i c a l  

Luminance, p o s i t i o n  

S ign  r e f l e c t a n c e ,  headlamp 
beam, s i g n  i l l u m i n a t i o n ,  sym- 
b o l  d imensions,  and d i r t  

S ign  luminance,  su r round  
luminance,  c o n t r a s t  d i r e c t i o n ,  
headlamp g l a r e  and d i r t  

1974 

1 i m p o r t a n t  e f f e c t s  from g l a r e  o r  d i r t .  

S ign  p o s i t i o n ,  d i s t a n c e  t o  I P resen ts  comparisons of  luminance d a t a  
v e h i c l e ,  r o a d  geometry lamp 1 as a  f u n c t i o n  o f  v a r i a b l e s .  

Signs s h o u l d  be i l l u m i n a t e d .  Viewed one 
s e c t i o n  w i t h  new encapsu la ted  l e n s  
m a t e r i a l .  F e l t  i t  was adequate.  

L e g i b i l i t y  d i s t a n c e  l e s s  w i t h  low beams 
f o r  h i g h l y  r e f l e c t i v e  m a t e r i a l s  t h a n  
f o r  i l l u m i n a t e d  s i g n s .  R e f l e c t o r i z e d  
s i g n s  f e l t  adequate however. 

I I l l u m i n a t e d  legends 10 f t - L  o r  b e t t e r .  
H igh  beams produced comparable r e s u l t s  
w i t h  b r i g h t e r  m a t e r i a l s .  Enclosed 
l e n s  s h e e t i n g  measured 1-10 f t - L .  Low 
beams reduced luminance t o  1  f t - L  o r  , 
l e s s  w i t h  a l l  m a t e r i a l s .  

1976 1 F i e l d  l e g i b i l i t y  Si,gn r e f l e c t a n c e ,  mount ing  
1 measurements I h e i g h t ,  headlamp beam, s i g n  

t i l t and speed 
1 

Recommends h i g h l y  r e f l e c t i v e  m a t e r i a l s .  
D i r t  e f f e c t s  m in ima l  on i l l u m i n a t e d  
s i g n s .  

" I d e a l "  luminance 8-10 f t - L  a t  low s u r -  
round  and 15-30 f t - L  a t  h i g h  l e v e l s ,  
maximums abou t  4  t imes  h i g h e r .  No 

L a b o r a t o r y  s t u d y  

1975 

beam 

C o n t r a s t ,  from 97 t o  34% Used r e c a l l  c r i t e r i o n .  S i g n i f i c a n t  r e -  
d u c t i o n s  i n  performance a t  l o w e s t  
c o n t r a s t  l e v e l  o n l y .  

D is tance ,  s i g n  p o s i t i o n ,  
m a t e r i a l s ,  su r round ,  lamp beam 

1971 

I s i g n s .  L i t t l e  g a i n  o v e r  low beam f o r  

Pho tomet r i c  Lamp beam, s i g n  m a t e r i a l ,  

Pho tomet r i c  
su rvey  

New mid  beam produced luminance equal  
d i s t a n c e ,  s i g n  p o s i t i o n  1 t o  o l d  beam f o r  shoulder-mounted 



I n  t h e  same y e a r  Forbes (1939) p u b l i s h e d  what has become a  

b a s i c  paper i n  t h e  f i e l d .  The a u t h o r  d iscusses l e g i b i l i t y  and 

c o n s p i c u i t y  ( t h e  l a t t e r  i s  c a l l e d  " a t t e n t i o n  g a i n i n g  c h a r a c t e r i s t i c s "  

by Fo rbes ) .  He p o i n t s  o u t  t h a t  t h e r e  a r e  two types o f  l e g i b i l i t y ;  

pu re  l e g i b i l i t y ,  where r e a d i n g  t i m e  i s  u n l i m i t e d ,  and g lance  l e g i  - 
b i l  i t y ,  where r e a d i n g  t imes a r e  s h o r t  due t o  t h e  need t o  t i m e  share  

w i t h  o t h e r  t a s k s .  Forbes ' da ta  i n d i c a t e  t h a t  l e g i  b i  1  i t y  d i s t a n c e s  

wou ld  be 10-16% l e s s  i f  a  g lance  l e g i b i l i t y  c r i t e r i o n  was used. 

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

wh ich  makes i t  s t a n d  o u t  i n  c o m p e t i t i o n  w i t h  o t h e r  s igns  and d i s -  

t r a c t i o n s )  and p r i o r i t y  v a l u e  ( t h e  q u a l i t y  wh ich  r e s u l t s  i n  one 

s i g n  be ing  read  f i r s t ,  g i v e n  equal  t a r g e t  v a l u e s ) .  The c h a r a c t e r -  

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

c o n t r a s t ,  s i z e ,  simp1 i c i  t y  and c o n t r a s t  o f  l a y o u t ,  placement and 

luminance.  The c h a r a c t e r i s t i c s  wh ich  a r e  a s s o c i a t e d  w i t h  h i g h  

p r i o r i t y  va lues a r e :  l e f t m o s t  o r  uppermost p o s i t i o n ,  p r i o r  p o s i  - 
t i o n  on highway, and nearness o f  competing s i g n s .  

A 1 a b o r a t o r y  i n v e s t i g a t i o n  wh ich  a t tempted t o  s e t  1  uminance 

s p e c i f i c a t i o n s  f o r  r o a d  s igns  was conducted i n  England d u r i n g  t h e  

war yea rs  (Smyth, 1947 ) .  The s i g n s  were b l a c k  on w h i t e  o r  t h e  

r e v e r s e .  Sub jec ts  viewed a  s i m u l a t e d  road scene a t  one of f o u r  

l e v e l s  of o v e r a l l  luminance t o  r e p r e s e n t  v a r i o u s  ambient  1  i g h t i n g  

c o n d i t i o n s .  A s i m u l a t e d  s i g n  was presented and t h e  s u b j e c t s  were 

i n s t r u c t e d  t o  a d j u s t  t h e  background o r  legend luminance as appro-  

p r i a t e ,  u s i n g  one o f  t h r e e  c r i t e r i a  as f o l l o w s :  

C r i t e r i o n  " A , "  t h e  minimum s i g n  luminance a t  wh ich  t h e  legend 

c o u l d  be read  a t  a  d i s t a n c e  o f  50 f t / i n c h  ( 6  m/cm) l e t t e r  h e i g h t .  

To do t h i s ,  t h e  s u b j e c t  observed t h e  s i g n  c o n t i n u o u s l y  u n t i l  t h e  

d e s i r e d  1  e g i  b i  1  i t y  1  eve1 was reached. 

C r i t e r i o n  "B ,  " t h e  maximum 1  uminance accep tab le ,  de termined 

e i t h e r  by t h e  o b s e r v e r ' s  sense o f  d i s c o m f o r t  o r  by l o s s  o f  sur round 

d e t a i l  beh ind t h e  s i g n  due t o  g l a r e .  



C r i t e r i o n  " C  ," t h e  " i d e a l  " luminance,  determined p u r e l y  by 

pe rsona l  judgment. 

I n  work ing  t o  c r i t e r i a  B and C t h e  s u b j e c t s  were i n s t r u c t e d  

n o t  t o  f i x a t e  t h e  s i g n  c o n t i n u o u s l y ;  i n s t e a d  they  were t o  s t u d y  t h e  

s i m u l a t e d  r o a d  scene and g lance  a t  t h e  s i g n  as r e q u i r e d  i n  o r d e r  t o  

make t h e i r  judgments. Other  more 1  i m i  t e d  i n v e s t i g a t i o n s  were con- 

ducted i n  o r d e r  t o  assess t h e  e f f e c t  o f  headlamps coming toward  t h e  

obse rve r  and d i r t  o b s c u r i n g  t h e  s i g n .  

The r e s u l t s  o f  t h e  p r imary  i n v e s t i g a t i o n  i n d i c a t e  t h a t  " i d e a l  " 
1  uminance f o r  b o t h  p o s i t i v e  and n e g a t i v e  c o n t r a s t  d i r e c t i o n s  ranges 

f rom 8-10 f t - L  (27-34 cd/m2) a t  t h e  l o w e s t  su r round  l e v e l s  i n v e s t i -  

ga ted ,  up t o  15-30 f t - L  (51-103 cd/m2) a t  t h e  h i g h e s t  su r round  l e v e l s .  

Maximum a c c e p t a b l e  luminances a r e  a p p r e c i a b l y  h i g h e r ,  about  f o u r  t imes  

h i g h e r  on t h e  average a t  t h e  l o w e s t  su r round  luminances and about  

t e n  t imes  h i g h e r  a t  t h e  h i g h e s t  su r round  luminances.  L i t t l e  e f f e c t  

was no ted  f rom oncoming h e a d l i g h t s  o r  f rom accumula t ions  o f  d i r t .  

A l l e n  and S t raub  (1955) have r e p o r t e d  t h e  r e s u l t s  o f  two 

s t u d i e s .  The f i r s t  was conducted i n  t h e  f i e l d  and measured t h e  

d i s t a n c e  a t  wh ich  s u b j e c t s  c o u l d  r e a d  s e r i e s  C numerals as a  f u n c t i o n  

o f  ambient  luminance ( " r u r a l  i n t e n s i t y "  vs.  "open r o a d " ) ,  headlamp 

beam ( h i g h  and low)  and s i g n  r e f l e c t i v i t y  ( w h i t e  p a i n t ,  beads on p a i n t ,  

modera te l y  r e f l e c t i v e  and h i g h l y  r e f l e c t i v e  s h e e t i n g ) .  The r e s u l t s  

showed s t e a d i l y  i n c r e a s i n g  l e g i  b i  1  i t y  d i s t a n c e  as headlamp o u t p u t  

i nc reased  and as s i g n  r e f l e c t i v i t y  i n c r e a s e d  f o r  t h e  h i g h  ambient  

c o n d i t i o n .  However, i n  t h e  low ambient  c o n d i t i o n ,  h i g h  beams d i d  n o t  

p r o v i d e  b e t t e r  l e g i b i l i t y  on any o f  t h e  beaded m a t e r i a l s  and d i d  no 

b e t t e r  t han  low beams on t h e  h i g h l y  r e f l e c t i v e  s h e e t i n g .  

The second s t u d y  was conducted i n  a  l a b o r a t o r y  and v a r i e d  s i g n  
2 luminance (0 .1 ,  1.0,  10 and 100 f t - L  [0.34,  3.43,  34.3 and 343 cd/m ] 

f o r  e i t h e r  legend o r  background, depending on c o n t r a s t  d i r e c t i o n )  

ambient  i 11 u m i n a t i o n  (0 .001  and 0 . 1  f t - c a n d l e s  [0.00009 and 0.009 

me t re -cand les ]  measured a t  t h e  s u b j e c t ' s  eyes) ,  l e t t e r  s e r i e s  



(A, C and F)  and c o n t r a s t  d i r e c t i o n  (whi  te -on-b lack  and r e v e r s e ) .  A 

t a c h i s t o s c o p i c  p r e s e n t a t i o n  was used (one-second exposure)  and sub- 

j e c t s  were t e s t e d  t o  determine t h e  s m a l l e s t  l e t t e r s  they  c o u l d  

d e t e c t  f o r  each combinat ion  o f  v a r i a b l e s .  

I n  genera l  i t  was found t h a t  l e g i b i l i t y  d i s t a n c e  inc reased  w i t h  

s i g n  luminance, a l t hough  t h e  i n c r e a s e  was more marked w i t h  t h e  s e r i e s  

F  l e t t e r s  f o r  t h e  two h i g h e s t  luminance l e v e l s .  There were s l i g h t  

d i f f e r e n c e s  f a v o r i n g  w h i t e  on b l a c k  c o n t r a s t ,  b u t  o n l y  a t  t h e  1 and 

10 f t - L  (3.43 and 34.3 cd/m2) l e v e l s .  Ambient i l l u m i n a t i o n  i n t e r -  

a c t e d  w i t h  s i g n  luminance,  t h e  low luminance s igns  p r o v i d i n g  s1 igh t l . y  

b e t t e r  l e g i b i l i t y  d i s t a n c e  a t  low ambient  l e v e l s  and h i g h  luminance 

s igns  produc ing s l i g h t l y  b e t t e r  l e g i  b i  1  i ty  d i s t a n c e  a t  h i g h  ambient  

l e v e l s .  

I n  an i m p o r t a n t  f o l l o w - u p  t o  t h e  work j u s t  desc r ibed ,  St raub 

and A1 l e n  (1956) p r o v i d e  a  comprehensive rev iew  o f  t hen  a v a i l a b l e  

r e t r o r e f l e c t i v e  m a t e r i a l s .  Us ing i socande la  diagrams f o r  headlamps 

and pho tomet r i c  data  f o r  t h e  s i g n i n g  m a t e r i a l s ,  t h e  au tho rs  c a l c u -  

l a t e d  expected luminances f o r  b o t h  h i g h  and low  beams f o r  d i f f e r e n t  

s i g n  m a t e r i a l s ,  l o c a t i o n s  ( r o a d s i d e  and overhead),  road  geometry 

( s t r a i g h t ,  v e r t i c a l  and h o r i z o n t a l  c u r v e s ) ,  types o f  headlamps (4030 

and 5040 s e r i e s )  and e x t e n t  o f  s i g n  r o t a t i o n .  The r e s u l t s  can be 

compared w i t h  e q u i v a l e n t  s i g n  l e g i b i l i t y  da ta  d e r i v e d  f rom t h e  

e a r l i e r  paper ( A l l e n  and St raub,  1955).  These data  t r e a t  luminances 

from 10-200 f t - L  (34.2-686 cd/m2) as optimum and i n d i c a t e  legend s i z e  

i nc reases  which a r e  r e q u i r e d  t o  ach ieve e q u i v a l e n t  l e g i b i l i t y  f o r  

o t h e r  luminance va lues .  For example, t h e  legend shou ld  be about  1 .3  

t imes  l a r g e r  a t  1 f t - L  (3 .43 cd/m2), about  2 t imes l a r g e r  a t  0 .1  f t - L  

( 0 . 3 4  cd/m2),  and about  3  t imes l a r g e r  a t  0.03 f t - L  (0 .103 cd/m2). 

The r e s u l t s  o f  t h i s  s tudy  a r e  ve ry  complex, b u t  f o r  many 

m a t e r i a l s  and condi  t i  ons h i g h  beams produced 1  umi nances o f  10 f t - L  

( 3 4 . 3  cd/m2) o r  b e t t e r .  Low beams produced luminances of 1 .0  f t - L  
n 

(3 .43  cd/mL) o r  b e t t e r  f o r  some m a t e r i a l s  and c o n d i t i o n s  b u t  o f t e n -  
2  t imes t h e  p r e d i c t i o n s  were as l ow  as 0 .1  f t - L  (0.34 cd/m ) .  



A l l e n  (1958) has r e p o r t e d  a f i e l d  s t u d y  wh ich  e v a l u a t e d  l e g i -  

b i l i t y  d i s t a n c e  as a f u n c t i o n  of legend t y p e  (modera te l y  and h i g h l y  

r e f l e c t i v e  s h e e t i n g  as w e l l  as r e f l e c t i v e  b u t t o n s ) ,  l e t t e r  s i z e  

(8, 12, 15 and 18 inches 120.3, 30.5,  38.1 and 45.7 cm] ) ,  headlamp 

beam, s i g n  p o s i t i o n  (overhead and r o a d s i d e )  and s i g n  luminance (0 .1 ,  

1 .0 ,  10 and 100 f t - L  [0 .34 ,  3.43, 34.3 and 343 cd/m2] f o r  legend 

o n l y ) .  S e r i e s  E l e t t e r s  were used w i t h  s t r o k e  w i d t h s  i n c r e a s e d  

t o  .20 o f  l e t t e r  h e i g h t .  R e s u l t s  were compared w i t h  dayt ime v i s i -  

b i l i t y .  C o n t r a s t  d i r e c t i o n  was c o n s t a n t  i n  t h i s  s tudy  ( w h i t e  on 

b l a c k ) .  

The dayt ime l e g i b i l i t y  d i s t a n c e s  f o r  a l l  l e t t e r s  was 88 f t / i n c h  

l e t t e r  h e i g h t  (10.56 m/cm) . The b e s t  n i g h t t i m e  l e g i  b i  1 i t y  d i s t a n c e s  

f o r  t h e  ambient  c o n d i t i o n s  t e s t e d  ( l o w  su r round  luminance)  were 

o b t a i n e d  a t  a legend luminance o f  10 f t - L  (34 .3  cd/m2) and were 

abou t  15% l e s s  than  under day c o n d i t i o n s  ( 7 5  f t / i n c h  l e t t e r  h e i g h t  

[ 9  m/cm] ) . Leg i  b i  1 i t y  d i s t a n c e  u s i n g  r e t r o r e f l e c t i v e  l e t t e r s  was 

about  equal  t o  t h e  b e s t  i l l u m i n a t e d  s i g n  when viewed w i t h  h i g h  beams, 

b u t  was 15 t o  30% l e s s  w i t h  low beams. 

E l  s t a d ,  F i t z p a t r i c k  and Wol tman (1962) ,  u s i n g  an approach 

s i m i l a r  t o  t h a t  o f  S t r a u b  and A l l e n  (1956) ,  employed a computer p r o -  

gram t o  p r e d i c t  s i g n  luminance a t  v a r i o u s  d i s t a n c e s  f o r  b o t h  h i g h  and 

1 ow beams. These r e s u l t s  a r e  compared w i t h  t h e  luminance recommenda- 

t i o n s  o f  A l l e n  (1958) .  The data  suggest  t h a t ,  w i t h  h i g h  beams, l u m i -  

nance read ings  a r e  i n  o r  c l o s e  t o  what A l l e n  d e f i n e d  as t h e  optimum 

zone f o r  much o f  t h e  u s e f u l  range.  On t h e  o t h e r  hand, low beams 

produce luminance l e v e l s  r a n g i n g  f rom 70 t o  90% o f  optimum. The 

lum i  nance c a l c u l a t i o n s  were v e r i f i e d  by f i e 1  d measurements on a sample 

s i l v e r - w h i t e  s i g n .  

I n  t h e  same paper t h e  au tho rs  r e p o r t  measurements o f  l i g h t  

f a l l i n g  on s i g n s  f rom ambient  sources.  I n  da rk  r u r a l  areas t h i s  
2 i l l u m i n a t i o n  ranged f rom ze ro  t o  0 . 1  f t - L  (0.34 cd/m ) .  I n  an 

" i l l u m i n a t e d  suburban" s e t t i n g ,  read ings  ranged f r o m  0 . 1  t o  0 . 4  f t - L  

(0 .34  t o  1.37 cd/m2). A t e s t  was then  conducted t o  see i f  a l e v e l  o f  



2 0 .1  f t - L  (0 .34 cd/m ) niade any d i f f e r e n c e  i n  l e g i b i l i t y  d i s t a n c e .  

F o r t y - f i v e  observers  p a r t i c i p a t e d  i n  t h i s  t e s t  u s i n g  10 d i f f e r e n t  

au tomobi les .  L e g i b i l i t y  d i s t a n c e  f o r  b o t h  h i g h  and low beams were 

about  3% g r e a t e r  w i t h  t h e  a d d i t i o n a l  i 1  l u m i n a t i o n .  

A f i e l d  i n v e s t i g a t i o n  wh ich  used a  coun t  o f  e r r o r s  i n  l o c a t i n g  

t u r n - o f f s  as t h e  dependent v a r i a b l e  has been r e p o r t e d  by Powers 

(1965) .  A t o t a l  o f  150 s u b j e c t s  p a r t i c i p a t e d  i n  t h i s  t e s t .  However, 

e r r o r s  were i n f r e q u e n t ,  t o t a l i n g  o n l y  8.5% o f  a1 1  p o s s i b l e  maneuvers, 

and t h e r e  were no s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  number o f  e r r o r s  

a s s o c i a t e d  w i t h  any o f  t h e  t h r e e  l e v e l s  o f  s i g n  r e f l e c t o r i z a t i o n  

empl oyed. 

Several  s t u d i e s  r e l a t i n g  t o  s i g n  l e g i  b i  1  i t y  have been per formed 

a t  t h e  Texas T r a n s p o r t a t i o n  I n s t i t u t e .  The most i m p o r t a n t  o f  these,  

f o r  purposes o f  t h i s  rev iew ,  was r e p o r t e d  by C leve land  (1966) ,  who 

i n v e s t i g a t e d  r e f l  e c t i v e  b u t t o n  and r e f l  e c t i v e  s h e e t i n g  1  egends p l a c e d  

a g a i n s t  t h r e e  types o f  backgrounds (opaque, and two l e v e l s  of r e f l e c -  

t i v e  s h e e t i n g ) .  Other  v a r i a b l e s  were t h e  headlamp system ( 2  o r  4 

headlamps) , headlamp beams ( h i g h  o r  l o w ) ,  s i g n  i l l u m i n a t i o n  and 

roadway i 11 umina t ion .  The observers  ( s t u d e n t s ,  no v i s u a l  a c u i t y  

n o t e d )  rode i n  slow-moving c a r s  and t h e  d i s t a n c e  a t  wh ich  s i x - l e t t e r ,  

pronounceable-place-name 1 egends c o u l d  be r e a d  was noted.  Fo r  most 

c o n d i t i o n s  , t h e  l e g i  b i  1  i ty  d i s t a n c e s  were s i g n i f i c a n t l y  i n  excess o f  

t h e  50 f t / i n c h  ( 6  m/cm) l e t t e r  h e i g h t  r u l e  o f  thumb. The b e s t  combi- 

n a t i o n s  produced 1 e g i b i l i t . y  d i s t a n c e s  on t h e  o r d e r  o f  75 f t / i n c h  

( 9  m/cm) l e t t e r  h e i g h t ,  t h e  w o r s t  about  35 f t / i n c h  (4 .2  m/cm) l e t t e r  

h e i g h t .  Performance improvements were b rough t  about  by i l l u m i n a t i n g  

t h e  s i g n  w i t h  s p e c i a l  f i x t u r e s ,  by p l a c i n g  roadway l u m i n a i r e s  i n  f r o n t ,  

near  enough t o  th row some l i g h t  on t h e  s i g n  face ,  by u s i n g  legend 

m a t e r i a l s  hav ing  g r e a t e r  r e f l e c t i v i t y ,  o r  t h rough  use o f  h i g h  beams. 

No pho tomet r i c  data  were p rov ided .  

Other  s t u d i e s  r e p o r t e d  by t h e  Texas T r a n s p o r t a t i o n  I n s t i t u t e  

(Keese, C leve land  and Rowan, 1966, and Wal t o n  and Rowan, 1966, 1967, 

1969) were p r i m a r i l y  concerned w i t h  roadway i 11 u m i n a t i  on, b u t  



cons idered s i g n  l e q i b i l i  t y  as a c r i t e r i o n .  I t was found t h a t  roadway 

i l l u r i i i n a t i o n  had a s i g n i f i c a n t  e f f e c t  on s i g n  l e g i b i l i t y .  A l un i i -  

n a i r e  mount ing h e i g h t  o f  40 f e e t  y i e l d e d  lower  s i g n  luminance b u t  

b e t t e r  l e g i b i l i t y  d i s t a n c e ,  due t o  reduced g l a r e .  The au tho rs  

recommend t h a t  s i g n s  be p laced  i n  l i n e  w i t h  l u m i n a i r e s  and 20 t o  60 

f e e t  beyond f o r  b e s t  l e g i  b i  1  i t y  d i s t a n c e .  

The Texas T r a n s p o r t a t i o n  I n s t i t u t e  has a l s o  r e p o r t e d  a  sub jec -  

t i v e  a n a l y s i s  o f  roadway problems (Woods, Rowan and Johnson, 1970) 

i n  which s i x  i n d i v i d u a l s  w i t h  v a r i e d  t r a i n i n g  and exper ience  t o u r e d  

a  p r e s c r i b e d  course t o  observe problems. I n  g e n e r a l ,  t h e  team f e l t  

t h a t  s igns  shou ld  be i l l u m i n a t e d ,  a l t h o u g h  one road  s e c t i o n  which 

had been s igned  w i t h  h i g h l y  r e f l e c t i v e  s h e e t i n g  m a t e r i a l  was judged 

adequate. 

An i m p o r t a n t  i n v e s t i g a t i o n  o f  s i g n  luminance l e v e l s  and o t h e r  

f a c t o r s  has been r e p o r t e d  by A l l e n ,  Smith,  Janson and Dyer (1966) 

and by A1 l e n ,  Dyer, Smith and Janson (1967) .  An i n t e r n a l l y  i 1  l u m i -  

na ted  s i g n  w i t h  a d j u s t a b l e  i n t e n s i t y  was c o n s t r u c t e d  and mounted on 

a  t r u c k  f o r  easy removal t o  t h e  d i f f e r e n t  t e s t  a reas.  The f a c t o r s  

i n v e s t i g a t e d  were: s i g n  luminance (0 .2 ,  2.0,  20, 200 and 2000 f t - L  

[0 .69,  6.86, 68.6, 686 and 6856 cd/m2]) ,  ambient  i l l u m i n a t i o n  ( d a r k  

road,  l i g h t e d  s t r e e t  and ve ry  b r i g h t  downtown s t r e e t ) ,  c o n t r a s t  

(100% and ?5%),  c o n t r a s t  d i r e c t i o n  (wh i te -on -b lack  and r e v e r s e ) ,  

l e t t e r  h e i g h t  (13.3,  10 and 7 inches E33.8, 25.4 and 17.8 cm]) and 

s u b j e c t  age (18-37,  38-57, and 58 and o l d e r )  w i t h  15 s u b j e c t s  i n  each 

group.  Fa r  a c u i t y  scores  averaged 20120 (616) f o r  each age group. 

The s u b j e c t s  were d r i v e n  s l o w l y  p a s t  t h e  s i g n  and t h e  d i s t a n c e  a t  

wh ich  they  c o u l d  c o r r e c t l y  read  t h e  legends were noted.  

2  The r e s u l t s  i n d i c a t e d  t h a t  about  20 f t - L  (68.6 cd/m ) was 

optimum f o r  low ambient  c o n d i t i o n s  and f o r  medium ambient  c o n d i t i o n s  

i n  t h e  absence o f  headlamp g l a r e .  Maximum l e g i b i l i t y  d i s t a n c e  was 
2 measured under h i g h  ambient  c o n d i t i o n s  a t  200 f t - L  (686 cd/m ) .  

No age d i f f e r e n c e s  were noted o v e r a l l ,  however t h e  o l d e r  group 

was poore r  a t  low l e v e l s  o f  s i g n  luminance by 30 t o  40%. There were 



The au tho rs  recommend m i  niniurii 1 umi nance 1 eve l  s o f  10 f t - L  

(34.3  cd/m2) f o r  da rk  areas,  20 f t - L  (68.6 cd/m2) f o r  modera te l y  

l i g h t e d  areas and 100 f t - L  (343 cd/m2) f o r  w e l l  l i g h t e d  areas.  They 

a l s o  recommend t h a t  v a r i a t i o n  i n  luminance o f  d i f f e r e n t  areas on t h e  

s i g n  be k e p t  t o  a minimum o f  1 0 : l .  Recommendations o f  maximum l u m i -  

nance va lues f o r  optimum performance a r e  l e s s  c e r t a i n ,  b u t  upper 

1 i m i  t s  o f  30, 100 and 500 f t - L  (103, 343 and 1714 cd/m2) were sug- 

gested f o r  each o f  t h e  t h r e e  ambient  c o n d i t i o n s .  

The f i r s t  s tudy  which a t tempted t o  s y s t e m a t i c a l l y  measure t h e  

e f f e c t  o f  background and legend luminance as we1 1 as c o l o r  on 

1 e g i  b i  1 i t y  d i s t a n c e  was r e p o r t e d  by H i  11 s and Freeman (1970) .  Employ- 

i n g  an apparatus which p e r m i t t e d  independent ad jus tment  of  background 

and legend luminance,  t h e  au tho rs  measured t h e  1 egend luminance 

necessary t o  produce v a r i o u s  l e g i b i l i t y  d i s t a n c e s  as a f u n c t i o n  o f  

background luminance and c o l o r .  Background 1 uminances ranged f rom 

l e s s  than  0.03 f t - L  t o  about  23 f t - L  (0.103 t o  79 cd/m2). Legend 

luminances ranged f rom 0.009 f t - L  t o  about  100 f t - L  (0.03 t o  343 

cd/m2). Background c o l o r s  employed were red ,  green and b lue .  The 

legends were w h i t e  s e r i e s  C l e t t e r s ,  s e l e c t e d  t o  be t h e  most d i f f i -  

c u l t  i n  t h e  a lphabe t  t o  d i s c r i m i n a t e .  Three s u b j e c t s ,  a l l  o f  whom 

had a t  l e a s t  normal f a r  a c u i t y ,  p a r t i c i p a t e d  i n  t h e  s tudy .  The 

s u b j e c t ' s  t a s k  was t o  i n c r e a s e  legend luminance,  s t a r t i n g  f rom t h e  

p o i n t  o f  s u b j e c t i v e  e q u a l i t y ,  u n t i l  t h e  legend c o u l d  be read  

c o r r e c t l y .  The r e s u l t s  i n d i c a t e d  t h a t  l e g i  b i  1 i t y  d i s tances  o f  

about  50 f t l i n c h  ( 6  m/cm) l e t t e r  h e i g h t  o r  more c o u l d  be ach ieved 

a t  a l l  l e v e l s  of background luminance.  The r e q u i r e d  c o n t r a s t  was 

much g r e a t e r  f o r  low l e v e l s  o f  background luminance than  f o r  h i g h  

1 e v e l  s , however. 

The au tho rs  i n v e s t i g a t e d  between-subject  d i f f e r e n c e s  u s i n g  a 

sample o f  11 s u b j e c t s  a t  one background luminance l e v e l .  The poores t  

f a r  a c u i t y  score  was about  20124 ( 6 / 7 . 2 ) ,  however. S t i  11, t h e  

s c a t t e r  i n  performance was s u b s t a n t i  a1 . (However, 1 arge d i f f e r e n c e s  



between s u b j e c t s  a r e  t o  be expected i n  s t u d i e s  where t h e  s u b j e c t s  

must dec ide f o r  themselves t h e  l e v e l  of  c e r t a i n t y  a t  wh ich  t o  respond.  

Thus, t h e  performance d i f f e r e n c e s  do n o t  s i m p l y  r e f l e c t  d i f f e r e n c e s  

i n  c a p a b i l i t y ,  b u t  a r e  confounded w i t h  d i f f e r e n c e s  i n  t h e  l e v e l  o f  

con f idence  a t  wh ich  t h e  s u b j e c t s  were w i l l  i n g  t o  commi t themselves 

t o  a  cho ice . )  

The au tho rs  s t a t e  "It i s  c l e a r  from t h e  r e s u l t s  t h a t ,  a t  n i g h t -  

t i m e  1 uminance 1  e v e l  s  encountered i n  highway p r a c t i c e ,  t h e r e  must  

be some r e d u c t i o n s  i n  t h e  l e g i b i l i t y  o f  w h i t e  legends as soon as t h e  

background i s  changed f rom e s s e n t i a l l y  b l a c k  t o  any o f  t h e  c o l o r s  

red ,  green and b l  ue w i t h  a p p r e c i a b l e  background 1  uminances . " Pre-  

sumably t h i s  l o s s  i s  made w o r t h w h i l e  by improvements i n  c o n s p i c u i t y  

and c o l o r  cod ing.  However, t h e  l a t t e r  c h a r a c t e r i s t i c s  cannot  be 

q u a n t i f i e d  i n  a  way which  enables a  s t r a i g h t f o r w a r d  c a l c u l a t i o n  o f  

des i  r a b l  e  background r e f 1  ec tance 1  e v e l  s  . H i  11 s  and Freeman assume 

a  10% r e d u c t i o n  i n  v i s i b i l i t y  d i s t a n c e  as t h e  maximum accep tab le  and 

p r e s e n t  a  t a b l e ,  p a r t  o f  wh ich  i s  he re  reproduced,  g i v i n g  minimum 

legend- to-background 1  uminance r a t i o s .  

1 Green I 7 I 7 I 

Background 
Co lo r  

Red 

Minimum Luminance R a t i o s  f o r  10% 1 
(Max) Reduct ion  i n  Leg i  b i  1  i t y  I 

Legend Luminance 1 Legend Luminance 
1 f t - L  I 3 . 4  f t - L  

An e x t e n s i v e  i n v e n t o r y  o f  legend,  background, and sur round l u m i -  

nances f o r  s igns  i n  use has been r e p o r t e d  by Youngblood and Woltman 

(1971) .  The au tho rs  measured luminances a t  v i e w i n g  d i s t a n c e s  f rom 

150 t o  1500 f e e t  on 127 shoulder-mounted and overhead s i g n s  r a n g i n g  

f rom two t o  f o u r  yea rs  o l d .  I n c l u d e d  were t h r e e  background m a t e r i a l s  

( n o n - r e f l e c t i v e  and modera te l y  and h i g h l y  r e f l e c t i v e  s h e e t i n g  rnate- 

r i a l s )  and f o u r  legend m a t e r i a l s  ( n o n - r e f l e c t i v e ,  b u t t o n s ,  and 
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modera te l y  and h i g h l y  r e f l e c t i v e  s h e e t i n g ) .  Measurements were 

taken  b o t h  day and n i g h t  a g a i n s t  a w ide v a r i e t y  o f  sur rounds.  

E leven d i f f e r e n t  v e h i c l e s  were used and measurements were taken  

t h r o u g h  t h e  w i n d s h i e l d  f rom t h e  d r i v e r ' s  p o s i t i o n .  Data were 

g e n e r a l l y  c o n f i n e d  t o  s t r a i g h t ,  f l a t  roadway s e c t i o n s .  It was found 

t h a t  i l l u m i n a t e d  legends averaged 10 f t - L  (34.3 cd/m2) o r  more a t  a l l  

d i  s tances t e s t e d .  The 1 umi nance o f  non - i  11 uminated 1 egends depended 

on s i g n  l o c a t i o n  and headlamp beam. Fo r  overhead s i g n s ,  t h e  use o f  

h i g h  beams produced r e s u l t s  comparable t o  i l l u m i n a t e d  legends f o r  

t h e  two more e f f i c i e n t  legend m a t e r i a l s  ( b u t t o n s  and h i g h l y  r e f l e c -  

t i v e  s h e e t i n g ) ,  and between 1 and 10 f t - L  (3 .43 and 34.3 cdlm') f o r  

t h e  o t h e r  l egend  m a t e r i a l s .  The use o f  1 ow beams on overhead s i g n s  
2 reduced legend luminances t o  1 f t - L  (3.43 cd/m ) o r  l e s s  f o r  a l l  

m a t e r i a l s .  Much t h e  same i s  t r u e  f o r  shoulder-mounted s i g n s ,  

excep t  t h a t  luminances were s i g n i f i c a n t l y  h i g h e r  (genera l  l y  above 

1 f t - L  (3 .43 cd/m2) f o r  low beams). The same p a t t e r n  h e l d  f o r  back- 

ground m a t e r i a l s ,  excep t  luminances were about  10% of  t hose  measured 

f o r  1 egends . 
K ing  and L u n e n f e l d  (1971) have d e s c r i b e d  a computer model 

des igned t o  e s t a b l i s h  l e t t e r  s i z e s  f o r  s i g n s  t o  meet l e g i b i l i t y  

c r i t e r i a .  P o r t i o n s  o f  t h i s  work have been d e s c r i b e d  e lsewhere by 

A d l e r  and S t raub  (1971) and by K ing  (1970, 1971) .  

The a u t h o r s  do n o t  r e p o r t  any new research  b u t  i n s t e a d  b u i l d  

upon t h e  work o f  A l l e n ,  e t  a l .  (1967) t o  determine l e g i b i l i t y  as a 

f u n c t i o n  o f  luminance,  and M i t c h e l l  and Forbes (1942) and Moore and 

C h r i s t i e  (1963) f o r  r e a d i n g  t imes.  Tak ing  s t a n d a r d  headlamp i s o -  

cande la  diagrams and m a n u f a c t u r e r ' s  da ta  on s i g n i n g  m a t e r i a l s  , t h e  

a u t h o r s  developed a computer model which,  g i v e n  s i g n  l o c a t i o n ,  r o a d  

geometry and s i g n  m a t e r i a l s ,  p r e d i c t s  r e q u i r e d  l e t t e r  s i z e .  Computed 

luminance va lues were compared w i t h  a c t u a l  measurements f o r  one 

m a t e r i a l  i n  a v a l  i d a t i o n  s tudy .  The r e s u l t a n t  c o r r e l a t i o n  ( 0 . 9 )  

i n d i c a t e d  good v a l i d i t y .  The p r e d i c t e d  luminance va.1 ues were about  

doub le  those  measured, b u t  t h i s  wou ld  r e s u l t  i n  r e l a t i v e l y  m i n o r  



d i f f e r e n c e s  i n  l e g i  b i  1 i t y  d i s t a n c e .  

The model was a p p l i e d  t o  63 s igns  l o c a t e d  a long a  20-mi le  

(32 km) s t r e t c h  o f  highway. For  d a y l i g h t  c o n d i t i o n s ,  73% o f  t h e  

s i g n s  were adequate. A t  n i g h t  65% were adequate w i t h  h i g h  beams, 

51% w i t h  low beams. When c o n s i d e r i n g  gu ide s igns  a lone,  t h e  r e s u l t s  

were worse, t h e  f i g u r e s  be ing  71%, 56% and 37% r e s p e c t i v e l y .  There 

was no a t tempt  t o  v a l i d a t e  l e g i b i l i t y  d i s t a n c e  data ,  however. 

Rizenbergs (1972) has r e p o r t e d  t h e  r e s u l t s  o f  s t u d i e s  con- 

ducted by t h e  Kentucky Highway Department. T h i s  work l e d  t o  t h e  

conc lus ion  t h a t  legend luminance i n  excess of  20 f t - L  (68.6 cd/m2) 

reduces l e g i b i l i t y  d i s t a n c e .  The au tho r  notes  t h a t  s i g n  l e g i b i l i t y  

i s  a l s o  a  f u n c t i o n  o f  t h e  c o n t r a s t  o f  s i g n  legend and background, , 

b u t  no s p e c i f i c a t i o n s  a r e  g i ven .  The r e s u l t s  o f  t h i s  research p ro -  

gram, p l u s  c o n s i d e r a t i o n  o f  e f f e c t i v e  1  i f e ,  l e d  t o  a  recommendation 

f o r  use o f  h i g h l y  r e f l e c t i v e  shee t ing  m a t e r i a l s .  

Another s t u d y  (Rizenbergs , 1974) r e p o r t s  f i e l d  observa t ions ,  

l a b o r a t o r y  t e s t s ,  and e v a l u a t i o n s  which were conducted comparing 

moderate ly  and h i g h l y  r e f l e c t i v e  s h e e t i n g  m a t e r i a l s  w i t h  r e g a r d  t o  

r e f l e c t i v i t y ,  d u r a b i l i t y ,  and c o s t  over  t h e  l i f e  o f  t h e  m a t e r i a l s .  

I n  t h i s  s tudy,  t e s t  s igns  were s e t  up a long  t h e  highway u s i n g  

d i f f e r e n t  combinat ions o f  m a t e r i a l s .  Labora to ry  weatherometer t e s t s  

were a l s o  conducted. The conc lus ions  o f  t h i s  e f f o r t  suppor t  those of 

t h e  1972 s tudy  i n  t h a t  h i g h l y  r e f l e c t i v e  shee t ing  m a t e r i a l s  were f e l t  

t o  be b e s t  and l e a s t  expensive i n  t h e  l o n g  run .  

Swezey (1974) has r e p o r t e d  a  s tudy o f  luminance c o n t r a s t .  B lack  

l e t t e r s  were used on a  w h i t e  background, t h e  luminance o f  which i s  

n o t  g i ven .  Con t ras t  l e v e l s  v a r i e d  f rom 97% t o  34%. Two phases were 

employed. I n  t h e  f i r s t ,  u n s p e c i f i e d  "highway s i g n  m a t e r i a l s "  were 

used as s t i m u l i .  I n  Phase 2  i n f o r m a t i o n  on p o i n t  assessments f o r  

Mary1 and d r i v e r s  ' 1  icenses were used as s t i m u l u s  m a t e r i a l s  . Exposure 

t imes were c o n t r o l l e d  a t  e i t h e r  6 o r  12 seconds i n  Phase 1. I n  Phase 

2  t h e  read ing  d i r e c t i o n s  were v a r i e d  (once through o n l y ,  o r  read  as 



l o n g  as necessary) .  Th i s  s tudy  i s  un ique i n  t h a t  a  r e c a l l  c r i t e r i o n  

was employed, t h e  s u b j e c t s  be ing  r e q u i r e d  t o  w r i t e  down t h e i r  under- 

s t a n d i n g  o f  t h e  s t i m u l u s  m a t e r i a l s  a f t e r  t hey  had been wi  thdrawn. 

Both  phases i n d i c a t e  t h a t  performance f e l l  o f f  s i g n i f i c a n t l y  a t  t h e  

34% c o n t r a s t  l e v e l .  Performance d i d  n o t  change s i g n i f i c a n t l y  a t  t h e  

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

such as t h e  b l a c k  on w h i t e  employed i n  t h i s  t e s t ,  shou ld  be used on 

highway s i g n s .  

A1 though i t  i s  p r i m a r i  l y  concerned w i t h  t h e  e f f e c t s  o f  u n i  - 
f o r m i t y  o f  i l l u m i n a t i o n ,  a  s tudy r e p o r t e d  by D a h l s t e d t  (1974) a l s o  

p rov ides  data  r e l a t i n g  t o  l e g i b i l i t y  as a  f u n c t i o n  of o v e r a l l  l u m i -  

nance. I n  t h i s  s tudy ,  a  s p e c i a l  s i g n  was made u s i n g  L a n d o l t  r i n g s  

f o r  legend m a t e r i a l s .  The c o l o r s  and d i r e c t i o n  o f  c o n t r a s t  a r e  n o t  

s p e c i f i e d .  The s i g n  was i n s t a l l e d  on a  darkened s t r e e t  and i l l u m i -  

na ted  by v a r i o u s  sources hav ing d i f f e r e n t  l i g h t  d i s t r i b u t i o n  

c h a r a c t e r i s t i c s .  The s u b j e c t s  were s t a t i o n e d  a t  a  d i s t a n c e  from t h e  

s i g n  so t h a t  t hey  c o u l d  j u s t  see t h e  r i n g  gaps. When t h e  l i g h t s  were 

t u r n e d  on t h e  s u b j e c t s  had t o  l i s t  t h e  gap p o s i t i o n s  on cod ing sheets .  

Luminance va lues f o r  i n d i v i d u a l  Land01 t r i n g s  ranged f rom about  1 t o  

100 f t - L  (3.43 t o  343 cd/m2). Optimum l e g i b i l i t y  f o r  t h e  v iew ing  

c o n d i t i o n s  t e s t e d  was found t o  be a t  about  20 f t - L  (68.6 cd/m2) w i t h  

a  d i s t i n c t  r e d u c t i o n  i n  l e g i b i l i t y  d i s t a n c e  a t  g r e a t e r  i n t e n s i t i e s .  

The e f f e c t  o f  d i f f e r e n c e s  i n  luminance w i t h i n  t h e  s i g n  were 

determined by t h e  a u t h o r .  Accord ing t o  h i s  data ,  i n t e r n a l  luminance 

r a t i o s  of  5 : l  produce an 8% decrease i n  l e g i b i l i t y  d i s t a n c e ,  a  1 0 : l  

r a t i o  about  12% and a  5 0 : l  r a t i o  about  20%. D a h l s t e d t  recommends 

t h a t  t h e  i n t e r n a l  c o n t r a s t  r a t i o s  on a  s i g n  do no exceed 6 : l .  

H icks  (1974) has r e p o r t e d  an i n v e s t i g a t i o n  o f  l e g i b i l i t y  

d i s t a n c e  as a  f u n c t i o n  o f :  

1. B lood a l c o h o l  l e v e l  (0%, 0.08% and 0.15%) 

2. Sign r e f l e c t i v i t y  (modera te ly  vs .  h i g h l y  r e f l e c t i v e  

shee t ing )  

3.  Headlamp beam ( h i g h  and low)  



The t e s t  s i g n s  en~ployed s e r i e s  E b l a c k  legends on a  ye1 low back- 

ground.  The road  a long  which they  were i n s t a l l e d  was s t r a i g h t  b u t  

had c o n s i d e r a b l e  v e r t i c a l  c u r v a t u r e .  As a  r e s u l t ,  t h e  luminance o f  

t h e  s i g n  a t  t h e  p o i n t  a t  wh ich  i t  became l e g i b l e  c o u l d  n o t  be 

determined e x a c t l y .  However, p h o t o m e t r i c  da ta  c o l l e c t e d  b e f o r e  t h e  

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

t i v e  m a t e r i a l s  and h i g h  beams were 8-15 f t - L  (27.4-51.4 cd/m2) and 

f o r  low beams 1-5 f t - L  (3.43-17.1 cd/m2). T y p i c a l  luminances f o r  

modera te ly  r e f l e c t i v e  m a t e r i a l s  w i t h  h i g h  beams were 2-6 f t - L  
2  2  (6.86-20.6 cd/m ) and 0.6-3 f t - L  (2.06-10.3 cd/m ) w i t h  low beams. 

Fo r  a l l  s u b j e c t s ,  i t  was determined t h a t  l e g i b i l i t y  d i s t a n c e s  

i nc reased  w i t h  i n c r e a s i n g  s i g n  background 1  uminance. 

Robertson (1974, 1976) has r e p o r t e d  a  f i e l d  s t u d y  comparing 

t h e  1  uminance o f  i 1 l u m i n a t e d  and non- i  1  l um ina ted  s i g n s .  S i x  ove r -  

head s i g n  i n s t a l l a t i o n s  hav ing  two o r  more s i g n s  s i d e  by s i d e  were 

s e l e c t e d  f o r  s t u d y .  One s i g n  o f  each s e t  was r e f u r b i s h e d  i n  h i g h l y  

r e f l e c t i v e  s h e e t i n g  and n o t  i l l u m i n a t e d .  The o t h e r  s i g n  was 

r e f u r b i s h e d  i n  modera te l y  r e f l e c t i v e  s h e e t i n g  and i 1 lum i  nated.  

Luminance read ings  were made f r o m  t h e  d r i v e r ' s  p o s i t i o n  i n  

e leven d i f f e r e n t  v e h i c l e s  u s i n g  h i g h  and low beams and w i t h  and w i t h -  

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

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

l e a s t  equal  t o  and sometimes h i g h e r  than  t h e  i l l u m i n a t e d  s i g n s .  

However, on t h e  cu rved  s e c t i o n s ,  t h e  non- i  1 l um ina ted  s i g n s  had s i g n i -  

f i c a n t l y  l ower  luminance than t h e  i l l u m i n a t e d  s i g n s .  I n  genera l ,  i t  

was f e l t  t h a t  u n t i l  more r e f l e c t i v e  m a t e r i a l s  c o u l d  be made a v a i l a b l e ,  

n o n - i l  l um ina ted  s i g n s  shou ld  be c o n f i n e d  t o  s t r a i g h t  s e c t i o n s  o f  

roadway. 

Wol tman and Youngblood (1975) have r e p o r t e d  an i n v e s t i g a t i o n  o f  

t h e  e f f e c t  o f  a  proposed mid-beam headlamp system on t h e  luminance 

o f  s i g n i n g  m a t e r i a l s .  They measured luminance as a  f u n c t i o n  o f  head- 

lamp beam ( low ,  m id  and new h i g h  beam) f o r  overhead and roads ide -  

mounted s i g n s .  The au tho rs  prepared curves showing 1  uminance measured 



a t  t h e  d r i v e r ' s  eyes as a  func , t ion  o f  beam, s i g n  m a t e r i a l ,  v i e w i n g  

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

t h a t ,  f o r  shoulder-mounted s i g n s ,  t h e  proposed mid-beam produces 

luminance e q u i v a l e n t  t o  t h a t  produced by t h e  p r e s e n t  h i g h  beam. On 

t h e  o t h e r  hand, r e l a t i v e l y  l i t t l e  g a i n  was ach ieved i n  t h e  luminance 

o f  overhead s i g n s  th rough  use o f  t h e  mid-beam. 

The same au tho rs  (Woltman and Youngblood [1976 ] )  have r e p o r t e d  

a  p h o t o m e t r i c  assessment o f  t h e  c o n t r i b u t i o n  of s t ream t r a f f i c  t o  

s i g n  1  uminance. They a l s o  measured luminance c o n t r i b u t e d  by 1  i g h t  

r e f l e c t e d  o f f  a  wet  pavement. I t  i s  e v i d e n t  f rom t h e  r e s u l t s  t h a t  

b o t h  e f f e c t s  can be q u i t e  s i g n i f i c a n t  i n  terms o f  t o t a l  s i g n  l u m i -  

nance. 

The e f f e c t  o f  s t ream t r a f f i c  i nc reases  w i t h  v i e w i n g  d i s t a n c e .  

For  example, i n  one t e s t  s i x t e e n  v e h i c l e s  were used, spaced over  

v a r i o u s  d i s t a n c e s  i n  f r o n t  o f  t h e  s i g n .  Luminance measures were 

made f rom t h e  l a s t  v e h i c l e .  When t h e  l a s t  v e h i c l e  was 300 f e e t  

(91 .4  met res)  f rom t h e  s i g n  t h e  iuminance i n c r e a s e  was n e g l i g i b l e  on 

an overhead s i g n ,  b u t  a t  1500 f e e t  (457 me t res )  t h e  luminance was 

inc reased  by a  f a c t o r  o f  e i g h t .  T h i s  r e s u l t s ,  no doubt ,  f rom reduc-  

t i o n s  i n  b o t h  i n c i d e n c e  and d ivergence ang les  f o r  sources o f  il l u m i  - 
n a t i o n  o t h e r  than  one ' s  own c a r  a t  l o n g e r  v i e w i n g  d i s t a n c e s .  

The e f f e c t  o f  wet  pavement was most marked on overhead s igns  

and peaked a t  1200 f e e t  (366 met res)  where t h e  i nc reased  luminance 

was s i x  t imes g r e a t e r  t han  under d r y  c o n d i t i o n s .  

Recent ly ,  a  comprehensive i n v e s t i g a t i o n  of f a c t o r s  a f f e c t i n g  

s i g n  l e g i  b i  1  i t y  and c o n s p i c u i  t y  has been r e p o r t e d  (Forbes,  Saar i  , 
Greenwood, Go1 d b l a t t  and H i  11 , 1975, Forbes, 1975, Forbes,  1976).  

The ma jo r  p a r t  o f  t h i s  e f f o r t  was a  l a b o r a t o r y  i n v e s t i g a t i o n  i n  wh ich  

s l i d e s  showing s e v e r a l  highway s igns  each were p resen ted  t o  t h e  sub- 

j e c t s .  Luminance, background c o l o r ,  and c o n t r a s t  o f  legend t o  back- 

ground were v a r i e d .  Another s e r i e s  o f  b l a n k  s l i d e s  was i n c l u d e d  t o  

e s t i m a t e  t h e  minimum luminance r e q u i r e d  f o r  c o l o r  d i s c r i m i n a t i o n .  



A f i e l d  s tudy  was conducted as w e l l .  I n  t h i s  i n s t a n c e ,  t h e  

s u b j e c t s  were seated i n  a  c a r  wh ich  was d r i v e n  s l o w l y  toward  a  s i g n  

s e t  up a long t h e  s i d e  o f  a  d a r k  road.  An e f f o r t  was made t o  a l t e r  

ambient  l i g h t i n g  c o n d i t i o n s  by p l a c i n g  a  g ray  p lywood pane l  n e x t  t o  

t h e  t e s t  s i g n  and i l l u m i n a t i n g  i t  a t  v a r i o u s  l e v e l s .  The v i s i b i l i t y  

d i s t a n c e s  r e s u l t i n g  f rom t h e  f i e l d  s t u d y  were s u b s t a n t i a l  l y  g r e a t e r  

than  those  f rom t h e  l a b o r a t o r y  i n v e s t i g a t i o n .  The a u t h o r s  s p e c u l a t e  

t h a t  t h i s  may have come about  due t o  t h e  f a c t  t h a t  t h e  s l i d e  presen-  

t a t i o n s  used i n  t h e  l a b o r a t o r y  phase were r e l a t i v e l y  b r i e f ,  so t h a t  

t h e  performance measured approx imated "g lance  l e g i  b i  1  i ty"  as 

d e s c r i b e d  by Forbes (1939) .  I n  t h e  f i e l d  i n v e s t i g a t i o n ,  as i n  most  

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

p e r i o d  o f  t i m e  l i m i t e d  o n l y  by t h e  d u r a t i o n  o f  an exper imen ta l  r u n .  

The r e s u l t s  o f  t h i s  i n v e s t i g a t i o n  a r e  q u i t e  complex. However, 

f o r  purposes of t h i s  r e v i e w ,  t h e  key da ta  a r e  f i g u r e s  wh ich  d e s c r i b e  

l e g i b i l i t y  d i s t a n c e  as a  f u n c t i o n  o f  luminance.  The f i g u r e s  were 

developed by ave rag ing  o v e r  a1 1  c o n t r a s t  c o n d i t i o n s  t e s t e d .  The 

a u t h o r s  do n o t  n o t e  any i n t e r a c t i o n  between background luminance and 

r e q u i r e d  c o n t r a s t .  They do s t a t e  t h a t  c o n t r a s t  beyond 5 : l  r e s u l t e d  

i n  1  i t t l e  performance improvement. The average c o n t r a s t  rep resen ted  

by t h e  f i g u r e s  r e f e r r e d  t o  above was about  1 0 : l .  The luminance 

va lues p l o t t e d  i n  these  f i g u r e s  a r e  i n t e r p r e t e d  as e i t h e r  l egend  o r  

background, wh ichever  i s  h i g h e r .  On a  semi - l og  p l o t  t hese  d a t a  show 

1  i n e a r  i nc reases  i n  l e g i b i l i t y  d i s t a n c e  w i t h  i n c r e a s i n g  luminance 

th rough  t h e  range cons ide red  ( a p p r o x i m a t e l y  0 . 3  t o  50 f t - L  [1 .02  t o  

171 cd/rn2] ) .  A t  t h e  l o w e s t  luminance l e v e l s  a l l  c o l o r  combinat ions  

y i e l d  about  20 f t / i n c h  ( 2 . 4  m/cm) l e t t e r  h e i g h t .  The p l o t s  d i v e r g e  

w i t h  i n c r e a s i n g  luminance.  The b e s t  comb ina t ion  i s  b l a c k  and w h i t e  

( e i t h e r  c o n t r a s t  d i r e c t i o n ) ,  wh ich  y i e l d e d  l e g i b i l i t y  d i s t a n c e s  o f  

60 f t / i n c h  ( 7 . 2  m/cm) l e t t e r  h e i g h t  a t  maximum luminance.  Whi te  on 

green was about  50 f t / i n c h  ( 6  m/cm) l e t t e r  h e i g h t  a t  maximum, b l a c k  

on orange about  40 f t / i n c h  ( 4 . 8  m/cm) l e t t e r  h e i g h t .  Other  c o l o r  

combinat ions  i n  common use f e l l  w i t h i n  t h e  range i n d i c a t e d .  



Like the Hil ls  and  Freeman study, these resul ts  suggest tha t  

black and white i s  the best combination in terms of l eg ib i l i t y  dis-  

tance. Thus, preservation of color coding and  high conspicuity 

value will resul t  in reduced l eg ib i l i t y  distance. Unlike the Hil ls  

and Freeman study, these resul ts  show no evidence of an asymptote 

in performance a t  high luminance levels  and no evidence of an in ter  

action between required contrast and background 1 uminance. 

Further, the 1 uminance recommendations of the two papers d i f f e r  

s ignif icant ly .  Hil ls  and Freeman's data for  black and  white configu- 

rations agree well with the resul ts  of Allen, e t  a l .  (1968) in t h a t  a  

luminance of about 10 ft-L (34.3 cd/m2) i s  optimum. Forbes indicates 
2 steadily improving performance through 50 f t-L,  (171 cd/m ) with no 

sign of a  leveling o f f .  

An objective comparison of legi bi 1 i  ty distances provided by 

moderately and highly ref lec t ive  sheeting has been provided by Woods 

and  Rowan (1976). Subjects were driven toward t e s t  signs and  the 

distance a t  which they could read four - le t t e r  familiar  words was 

measured as a function of the following variables:  

1. Sign materials (highly ref lec t ive  sheeting vs. 

moderately ref lec t ive  sheeting with external i l lumination).  

2 .  Mounting height ( a l l  signs were overhead, mounted a t  

heights of (18.4, 20.3 and 22.6 f ee t  15.6, 6.2 and 6.9 

metres] above the road). 

3. Headlamp beam (high or low). 

4 .  Angle of sign t i l t  from the vert ical  (0°,  -5O, +5O). 

5. Vehicle speed (34.8, 44.7, 55.3 mph [56, 7 2 ,  89 km/hr]). 

No photometric measures are provided. A s t a t i s t i c a l  analysis 

was conducted and none of the variables were associated with a 

s ignif icant  difference in legibil  i  ty distance ( headlamp beams were 

not tested as a factor in the analys is) .  Legibility distances 
averaged 19% less f o r  the highly ref lec t ive  signs as compared with 
the moderated ref lec t ive- i  11 umi nated signs when low beams were in 



use. However, t h e  a u t h o r s  argue t h a t  t h e  use o f  t h e  former con- 

f i g u r a t i o n  i s  j u s t i f i e d  s i n c e  i t  s t i  11 p r o v i d e d  adequate r e a d i n g  

t ime ,  and was be ing  s u c c e s s f u l l y  used i n  f i e l d  i n s t a l l a t i o n s  i n  t h e  

s t a t e  o f  L o u i s i a n a .  

Rumar and 0 s t  (1975) have r e p o r t e d  a  number o f  f i e l d  s t u d i e s  

d e a l i n g  w i t h  v a r i o u s  aspects  o f  highway s i g n s .  However, t h e  m a j o r  

concern was w i  t h  l e g i  b i  1  i ty  . There were f o u r  p r i n c i p l e  s t u d i e s  : 

1. The l e g i b i l i t y  o f  c i r c u l a r  s i g n s  hav ing  a  y e l l o w  c e n t e r ,  

a  r e d  b o r d e r  and a  b l a c k  symbol ( a  L a n d o l t  " C " ) .  

2. The l e g i b i l i t y  o f  d i r e c t i o n  arrows w i t h  a  w h i t e  l egend  

and a  b o r d e r  on a  b l u e  background. 

3. The l e g i b i l i t y  o f  advanced d i r e c t i o n  s i g n s  employ ing a  

w h i t e  legend and bo rde r  on e i t h e r  a  b l u e  o r  a  green 

background. 

4. The e f f e c t  o f  v a r i o u s  symbol d imensions on l e g i b i l i t y .  

S ign  luminance was v a r i e d  by u s i n g  d i f f e r e n t  r e t r o r e f l e c t i v e  

shee t ings ,  a  p a i n t e d  s u r f a c e  o r  by i l l u m i n a t i n g  t h e  s i g n .  Observers 

approached t h e  s i g n  i n  automobi les  u s i n g  e i t h e r  h i g h  o r  l ow  beams. 

When u s i n g  low beams, g l a r e  was p r o v i d e d  by ano the r  s e t  o f  low beams 

which were f i x e d  on t h e  r e a r  o f  ano the r  c a r  328 f e e t  (100 m) i n  

f r o n t  o f  and one l a n e  t o  t h e  l e f t  o f  t h e  s u b j e c t  c a r .  Thus, t h e  

p o s i t i o n  o f  t h e  g l a r e  source was c o n s t a n t  t h roughou t  t h e  r u n .  S igns 

were p o s i t i o n e d  on t h e  s i d e  o r  above t h e  road.  

As no ted ,  a  L a n d o l t  " C "  was used on some s i g n s .  I n  these  cases 

t h e  c r i t e r i o n  was t h e  d i s t a n c e  a t  wh ich  t h e  o r i e n t a t i o n  o f  t h e  gap 

i n  t h e  r i n g  c o u l d  be de tec ted .  Other  s i g n s  used a  p a i r  o f  t h r e e  

l e t t e r  words and t h e  c r i t e r i o n  was t h e  d i s t a n c e  a t  wh ich  t h e  s u b j e c t  

c o u l d  determine whether t h e  two words were t h e  same o r  d i f f e r e n t .  

The r e s u l t s  i n d i c a t e  t h a t  g r e a t e r  l e g i b i l i t y  d i s t a n c e s  were 

p r o v i d e d  by i l l u m i n a t e d  s i g n s  than  by h i g h l y  r e f l e c t i v e  s h e e t i n g  and 

European 1  ow beams. However, l e g i  b i  1 i ty  d i s t a n c e s  w i t h  h i g h  beams 

were equal  t o  o r  b e t t e r  t han  those  p r o v i d e d  by separa te  l i g h t i n g .  



The au tho rs  f e e l  t h a t ,  i n  v iew o f  t h e  expense and d i f f i c u l t i e s  

a s s o c i a t e d  w i t h  f i x e d  i l l u m i n a t i o n ,  h i g h l y  r e f l e c t i v e  s h e e t i n g  

m a t e r i a l s  a r e  p r e f e r r e d .  

S tud ies  were a l s o  conducted t o  measure t h e  e f f e c t  o f  d i r t  on 

s i g n s .  I n  genera l  , d i r t  a f f e c t e d  v a r i o u s  r e t r o r e f l e c t i v e  m a t e r i a l s  

about  e q u a l l y  . A s i g n  hav ing separa te  l u m i n a i r e s  was r e l a t i v e l y  

u n a f f e c t e d  by d i r t .  

S tud ies  were a l s o  conducted on t h e  a t t e n t i o n  v a l u e  o f  r e t r o -  

r e f l e c t i v e  s i g n s  . As expected,  h i g h l y  r e f l e c t i v e  s i g n s  were r a t e d  

as more a t t e n t i o n - g e t t i  ng than  non- re f1  e c t i v e  o r  l o w - r e f l e c t i  ve 

s i g n s .  

A s t u d y  was a l s o  conducted comparing t h e  l e g i b i l i t y  d i s t a n c e  o f  

v a r i o u s  symbol s i z e s  a t  d i f f e r e n t  l e v e l s  o f  r e f l e c t i v i t y .  Three 

s i z e s  o f  L a n d o l t  " C "  were t e s t e d ,  95, 190, and 285 mm i n  d iameter .  

The r e l a t i o n s h i p  o f  l e g i  b i  1 i ty  d i s t a n c e  p e r  u n i t  symbol d iameter  

was q u i t e  c o n s t a n t  under bo th  h i g h  and low beam c o n d i t i o n s .  

The au tho rs  a l s o  r e p o r t  a  b r i e f  s tudy  o f  t h e  e f f e c t  o f  s t r o k e  

w i d t h .  The s tandard  l e t t e r  h e i g h t  t o  s t r o k e  w i d t h  r a t i o  i n  Sweden 

i s  1 :6 .5 .  T h i s  was compared w i t h  two t h i n n e r  and two t h i c k e r  s t r o k e  

w i d t h s .  The r e s u l t s  showed no s t r o n g  d i f f e r e n c e s  comparing t h e  

v a r i o u s  s t r o k e  w i d t h s .  However, i t  was no ted  t h a t  t h i s  was a  

r e l a t i v e l y  b r i e f  s tudy  and r e a l  d i f f e r e n c e s  may n o t  have been 

de tec ted .  

The Department o f  T r a n s p o r t a t i o n  o f  t h e  S t a t e  o f  Ohio has 

r e p o r t e d  a  s tudy (R ichardson,  1976) wh ich  eva lua ted  v a r i o u s  r e f l e c -  

t i v e  shee t ing  m a t e r i a l s .  Two methods were employed. The f i r s t ,  used 

on s i  1  k-screened s i g n s ,  measured t h e  smal l e s t  d e t a i  1  t h e  s u b j e c t s  

c o u l d  r e s o l v e  f rom s e t s  o f  v e r t i c a l  markers v a r y i n g  i n  s i z e  and 

spac ing .  N e g l i g i b l e  d i f f e r e n c e s  were found.  The second method, 

used f o r  s igns  w i t h  demountable legends,  used 3 c a p i t a l  l e t t e r s  " I "  
o r i e n t e d  e i t h e r  v e r t i c a l  l y  o r  h o r i z o n t a l  l y  and t h e  exper imenter  

measured t h e  d i s t a n c e  a t  which t h e  s u b j e c t s  c o u l d  determine t h e  



o r i e n t a t i o n .  V a r i a b l e s  were: s i g n  p o s i t i o n  (ground mount o r  ove r -  

head), background m a t e r i a l  (opaque, modera te l y  and h i g h l y  r e f l e c t i v e  

s h e e t i n g ) ,  l egend  m a t e r i a l  ( b u t t o n s  o r  h i g h l y  r e f l e c t i v e  s h e e t i n g ) ,  

and head1 amp beam. D i f f e r e n c e s  between t h e  v a r i o u s  combinat ions  were 

n o t  g r e a t  excep t  f o r  t h e  opaque background when v iewed w i t h  h i g h  

beams, wh ich  r e s u l t e d  i n  a  s u b s t a n t i a l  r e d u c t i o n  i n  l e g i b i l i t y  

d i s t a n c e .  B u t t o n  legends were found t o  be s u p e r i o r  i n  eve ry  i n s t a n c e  

t o  s h e e t i n g  legends,  a1 though these  d i f f e r e n c e s  were g e n e r a l l y  m i n o r .  

I t  i s  n o t  c l e a r  whether they  were s t a t i s t i c a l l y  s i g n i f i c a n t  o r  n o t .  

G r a n t i n g  t h a t  t h e  amount o f  da ta  c o l l e c t e d  i s  sma l l  ( f i v e  s u b j e c t s ,  

two o b s e r v a t i o n s  o f  each c o n d i t i o n )  t h e  a u t h o r  concludes t h a t  t h e  

use o f  h i g h l y  r e f l e c t i v e  s h e e t i n g  cannot  be j u s t i f i e d  on a  c o s t  

b a s i s .  

Consp icu i  t y  

A s e r i e s  o f  14 s t u d i e s  by Forbes and h i s  co-workers on s i g n  

c o n s p i c u i  t y  (Forbes,  Pa in  , Fry ,  and Joyce, 1967 ; Forbes,  Pa in ,  Joyce,  

and F ry ,  1968; Forbes,  F r y ,  Joyce, and Pa in ,  1968) i n v e s t i g a t e d  a  

v a r i e t y  o f  f a c t o r s ,  i n c l u d i n g  luminance,  and c u l m i n a t e d  i n  t h e  

development o f  a  mathemat ica l  model wh ich  was t h e n  f i e l d  v a l i d a t e d .  

T h i s  work has been summarized by Forbes (1969) .  

A l a b o r a t o r y  s i m u l a t i o n  was employed i n  a l l  b u t  t h e  f i n a l  

s tages o f  t h e  program. I n  t h e  s i m u l a t i o n  s t u d i e s  t h e  s u b j e c t  moni-  

t o r e d  a  sma l l  pane l  w i t h  12 1  i g h t s  j u s t  below t h e  p o i n t  o f  p resen ta -  

t i o n  o f  t h e  exper imen ta l  scene, r e l i g h t i n g  these  lamps by p r e s s i n g  a  

b u t t o n  w i t h  one hand as t h e y  were randomly e x t i n g u i s h e d .  A t  i n t e r v a l s  

t h e  s u b j e c t  was g i v e n  a  one second p r e s e n t a t i o n  o f  s i g n s  and r e q u i r e d  

t o  i n d i c a t e  wh ich  s i g n  was seen " f i r s t  and b e s t . "  

The f i r s t  s e r i e s  o f  s t u d i e s  was l a r g e l y  des igned t o  s e t t l e  

q u e s t i o n s  r e l a t e d  t o  t h e  s i m u l a t i o n  techn ique .  The second s e r i e s  

i n v e s t i g a t e d  s i g n  s i z e ,  b r i g h t n e s s  and legend t o  background c o n t r a s t .  

I t  was determined t h a t  s i g n s  seen f i r s t  and b e s t  were t h o s e  w i t h  

g r e a t e s t  1  uminance c o n t r a s t  a g a i n s t  t h e  sur round,  o r  t h e  l a r g e s t  



s i g n  when luminance was cons tan t .  S i z e  and c o n t r a s t  i n t e r a c t e d  t o  

cance l  one ano the r  when one inc reased  w h i l e  t h e  o t h e r  decreased. 

Legend luminance i n t e r a c t e d  w i t h  o t h e r  f a c t o r s ,  h i g h  luminance 

enhancing dark  s i g n s  a g a i n s t  a  day-snow background. I f  b o t h  legend 

and background luminance were reduced t h e  e f f e c t  o f  t h i s  c o n t r a s t  on 

s i g n  performance was reduced. I n  a  t e s t  a g a i n s t  s i m u l a t e d  adver-  

t i s i n g  s igns ,  da rk  s igns  d i d  b e s t  a g a i n s t  b r i g h t  surrounds and v i c e  

versa.  I n  t h e  f i n a l  l a b o r a t o r y  t e s t s ,  green s igns  o f  v a r y i n g  l u m i -  

nance were t e s t e d  a g a i n s t  t h r e e  d i f f e r e n t  dayt ime surrounds and 

d i f f e r e n t  c o l o r e d  s igns  were t e s t e d  a g a i n s t  d i f f e r e n t  surrounds.  

Again,  i t  was found t h a t  t h e  h i g h e r  luminance s i g n s  were seen b e s t  

a g a i n s t  da rk  backgrounds and v i c e  versa.  Some ev idence f o r  c o l o r  

c o n t r a s t  e f f e c t s  was found i n  t h a t  r e d  and ye1 low backgrounds d i d  

b e t t e r  t han  would have been expected on a  b a s i s  o f  luminance a lone.  

I n  t h e  f i e l d  t e s t  t h e  s u b j e c t s  took  a  40-mi le  d r i v e ,  pass ing 

about  400 s i g n s ,  o f  wh ich  82 were s e l e c t e d  f o r  t e s t s .  These s i g n s  

v a r i e d  i n  s i z e  and sur round.  Observat ions  were made day and n i g h t .  

La rge r  s igns  were no ted  a t  g r e a t e r  d i s t a n c e s  than  s m a l l e r  s igns  and 

when m u l t i p l e  overhead s igns  were seen on sudden exposure, t h e  l e f t -  

most was seen b e s t  d u r i n g  t h e  day and t h e  one o v e r  t h e  l a n e  b e s t  a t  

n i g h t .  

Mathemat ical  models were then t e s t e d  a g a i n s t  l a b o r a t o r y  data  

f o r  p r e d i c t i v e  c a p a b i l i t y .  The b e s t  f i t  was o b t a i n e d  from a  model 

wh ich  assumed t h a t  luminance r a t i o s  o f  legend t o  background and 

s i g n  t o  sur round a f f e c t  c o n s p i c u i t y  i n  an a d d i t i v e  f a s h i o n .  

A somewhat s i m i l a r  i n v e s t i g a t i o n  has been r e p o r t e d  by Eklund 

(1968).  T h i s  s tudy  used s l i d e s  presented t a c h i s t o s c o p i c a l l y  t o  

i n v e s t i g a t e  f a c t o r s  a f f e c t i n g  t h e  r e l a t i v e  cons,picui t y  o f  s i g n s .  

Among t h e  f i n d i n g s  a r e  t h a t  t h e  g r e a t e r  t h e  s i g n  luminance and t h e  

more a  s i g n  d i f f e r s  f rom o t h e r s ,  t h e  more r e a d i l y  i t  w i l l  be seen. 

Pa in  (1969) has r e p o r t e d  an e x t e n s i o n  o f  t h e  research  o f  Forbes 

and h i s  co-workers.  Us ing n e u t r a l  g ray  Munse l l  c h i p s ,  Pa in  was a b l e  

t o  c o n t r o l  1  umi nance and 1 umi nance r a t i o  i ndependen t l y  where 



p r e v i o u s l y  these f a c t o r s  had been confounded. He found t h a t  b o t h  

parameters have h i g h  a t t e n t i  o n - g e t t i  ng va lues . When v a r i e d  t o g e t h e r ,  

1  uminance r a t i o  has more v a l  ue. High 1  uminance enhances t h e  a t t e n i o n -  

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

c o n t r a s t s .  On t h e  b a s i s  o f  t h i s  work, t h e  a u t h o r  suggests t h a t  t h e  

Forbes model p r e v i  ous l y  desc r ibed  be m o d i f i e d  t o  c o n s i d e r  luminance 

r a t i o s .  

An a t t e m p t  t o  r e l a t e  s i g n  c o n s p i c u i t y  f a c t o r s  o b j e c t i v e l y  has 

been desc r ibed  by Odescalchi  (1960) .  Two s t u d i e s  were conducted.  I n  

t h e  f i r s t ,  seve ra l  groups o f  observers  l ooked  a t  d i f f e r e n t  s i z e d  

w h i t e  s igns  under v a r i o u s  background c o n d i t i o n s  a t  a  v a r i e t y  o f  d i s -  

tances.  They were i n s t r u c t e d  t o  l o o k  down t h e  road,  n o t  d i r e c t l y  a t  

t h e  s i g n ,  and r a t e  t h e  s i g n  as " t o o  l a r g e ,  j u s t  t o o  l a r g e ,  adequate, 

j u s t  t o o  s m a l l ,  o r  t o o  smal l  ." The r e s u l t s  a r e  summarized as f o l l o w s :  

Shaded 250 

I D i s t . F r o m  / Cond i t i ons  I Observer t o  
S ign  

I (Yards)  

I n  t h e  second exper iment ,  s igns  o f  v a r i o u s  c o l o r s  were compared 

w i t h  w h i t e  s igns  i n  an e f f o r t  t o  determine how much l a r g e r  o r  s m a l l e r  

t hey  had t o  be i n  o rde r  t o  be e q u a l l y  conspicuous.  A pa i r - compar i son  

techn ique  was used, t h e  s u b j e c t s  f i x a t i n g  a  sma l l  g ray  pane l  on e i t h e r  

s i d e  o f  which were p laced  t h e  exper imen ta l  pane ls .  The r e s u l t s ,  i n  

terms o f  t h e  amount t h a t  c o l o r e d  s i g n  area has t o  exceed w h i t e  s i g n  

Areas o f  Whi te ! 
Panel Judged 

"Adequate" 
(In Square F t . )  



area t o  be e q u a l l y  conspicuous,  a r e  as f o l l o w s :  

Ye1 low -10% 

Red +15% 

B lue  +20% 

Green +40% 

B lack  +125% 

S ign  Surround 

Consp icu i t y  o f  a  s i g n  i s  l a r g e l y  a  m a t t e r  o f  c o n t r a s t  between 

t h e  s i g n  and i t s  sur round.  These e f f e c t s  have been i n v e s t i g a t e d  i n  

some d e t a i l  by Forbes,  Pa in ,  Joyce and F ry  (1968) .  T h i s  c o n t r a s t  

e f f e c t  may be ach ieved e i t h e r  i n  terms o f  c o l o r  o r  luminance.  Co lors  

a r e  f i x e d  by s p e c i f i c a t i o n s .  For example, green i s  used as a  back- 

ground f o r  gu ide s igns ,  and a  green s i g n  may have l i m i t e d  c o n s p i c u i t y  

when seen a g a i n s t  a  green surround.  S ign luminance can be man ipu la ted  

i ndependen t l y  o f  c o l o r  t o  some e x t e n t ,  b u t  sur round luminance v a r i e s  

g r e a t l y  w i t h  t i m e  o f  day and sometimes w i t h  t i m e  of y e a r .  Thus, 

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

The n a t u r e  o f  s i g n  surrounds have been ca ta loged  by Hansen and 

Wol tman (1967 ) .  I n  t h i s  s tudy,  t h e  i n v e s t i g a t o r s  i n v e n t o r i e d  4054 

d e s t i n a t i o n  and d i s t a n c e  s igns  a long 1560 mi 1  es o f  r e p r e s e n t a t i v e  

freeway f a c i l i t i e s  i n  seven s t a t e s .  T e r r a i n  v a r i e d  from a lmos t  p e r -  

f e c t l y  f l a t  t o  q u i t e  mountainous. A b u t t i n g  l a n d  v a r i e d  from r u r a l  t o  

urban.  The r e s u l t s  i n d i c a t e  t h a t  s igns  a r e  seen a g a i n s t  a  wide 

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

n a t u r e  of t h e  t e r r a i n .  For  example, a  s u b s t a n t i a l  percentage o f  

overhead s igns  a r e  seen a g a i n s t  t h e  sky,  a  sur round which  v a r i e s  

g r e a t l y  i n  luminance, depending on t i m e  o f  day, sun p o s i t i o n  and 

whether t h e  sky i s  c loudy o r  n o t .  

I n  m e t r o p o l i t a n  areas e s p e c i a l l y  , a d v e r t i s i n g  s i g n s  p r o v i d e  

c o n s i d e r a b l e  c o m p e t i t i o n  f o r  highway s igns ,  p a r t i c u l a r l y  s i n c e  t h e  

former a r e  f r e q u e n t l y  l a r g e ,  b r i g h t l y  1  i g h t e d  and sometimes f e a t u r e  

m o t i o n  e f f e c t s  o r  f l a s h i n g  l i g h t s  designed t o  a t t r a c t  t h e  d r i v e r ' s  



eye.. A d v e r t i s i n g  s i g n s  a r e  f r e q u e n t l y  p l a c e d  i n  commanding p o s i -  

t i o n s  near  f reeways t o  assure  t h e i r  be ing  seen by m o t o r i s t s  who pass 

t h a t  way. I t  i s  n a t u r a l  t h a t  t r a f f i c  eng ineers  be concerned abou t  

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

p l a c e d  near  busy i n t e r c h a n g e  f a c i  1  i t i e s .  

Shoaf (1955) ,  whi l e  r e p o r t i n g  no research ,  does d e s c r i b e  t h e  

t r a f f i c  s i g n  o rd inance  enacted i n  San F ranc isco .  T h i s  a r t i c l e  con- 

t a i n s  t h e  s p e c i f i c a t i o n s  o f  t h e  San F r a n c i s c o  o rd inance  f o r  b r i g h t -  

ness,  s i z e  and movement parameters a s s o c i a t e d  w i t h  a d v e r t i s i n g  s i g n s  

near  f reeway f a c i  1  i t i e s .  

Ady (1967) ,  i n v e s t i g a t e d  changes i n  a c c i d e n t  p a t t e r n s  on a  

Chicago f reeway a t  t h r e e  s i t e s  nea r  new and canmanding a d v e r t i s i n g  

s i g n s .  The s tudy  was conducted u s i n g  d a t a  one y e a r  b e f o r e  t h e  s i g n s  

were i n s t a l  l e d  and one y e a r  a f t e r .  C o n t r o l  f a c t o r s  were i n t r o d u c e d  

by m o n i t o r i n g  c o l l i s i o n  da ta  i n  t h e  areas near  b u t  o u t s i d e  t h e  scope 

o f  i n f l u e n c e  o f  t h e  a d v e r t i s i n g  s i g n s .  No d i f f e r e n c e s  were found  i n  

t h e  a c c i d e n t  data  a s s o c i a t e d  w i t h  t h e  s i g n s  i n  t h i s  s t u d y .  

A comprehensive r e v i e w  o f  t h e  1  i t e r a t u r e  r e l a t i v e  t o  a d v e r t i s i n g  

s i g n i n g  and i t s  i n t e r a c t i o n  w i t h  t r a f f i c  f l o w  and s a f e t y  problems has 

been o f f e r e d  by Simon (1967).  Wh i le  a  c o n s i d e r a b l e  number o f  a r t i c l e s  

have been pub1 i shed ,  t h e y  s u f f e r  f rom a  v a r i e t y  o f  problems i n  e x p e r i -  

menta l  des ign  wh ich  make g e n e r a l i z a t i o n s  d i f f i c u l t .  

Env i ronmenta l  E f fec ts  

The env i ronment  has i m p o r t a n t  s h o r t -  and l o n g - t e r m  e f f e c t s  on 

t h e  performance o f  s i g n i n g  m a t e r i a l s .  Modern day s i g n i n g  m a t e r i a l s  

have been designed t o  m i n i m i z e  t h e  immediate e f f e c t  o f  r a i n ,  dew and 

f r o s t  t o  an a p p r e c i a b l e  e x t e n t .  Such e f f e c t s  have been measured and 

r e p o r t e d  by Woltrnan (1965) ,  Brenn ing (1973) and Lowden and S t o k e r  

(1975) .  O f  g r e a t e r  consequence f o r  t h e  purpose of t h i s  i n v e s t i g a t i o n  

a r e  l o n g - t e r m  env i ronmenta l  e f f e c t s .  S i g n i n g  m a t e r i a l s  wear o u t  i n  

t i m e  due t o  a c t i o n  o f  sun and weather .  A i r b o r n e  p a r t i c l e s  s e t t l e  on 

t h e  s i g n  and a f f e c t  i t s  luminance as w e l l .  



The near  road  environment,  where many warn ing and r e g u l a t o r y  

s igns  a r e  p laced,  has been an o b j e c t  of p a r t i c u l a r  concern t o  i n v e s -  

t i g a t o r s  because, i n  t h i s  area,  s i g n i n g  and d e l i n e a t i n g  m a t e r i a l s  

a r e  s u b j e c t  t o  spray  r e s u l t i n g  f rom v e h i c l e s  pass ing by i n  wet  

weather.  One o f  t h e  f i r s t  i m p o r t a n t  s t u d i e s  on t h i s  problem was 

r e p o r t e d  by Davis and F i t z p a t r i c k  (1954).  The a u t h o r s '  purpose was 

t o  determine t h e  optimum p o s i t i o n i n g  o f  roads ign  s igns  t o  m in im ize  

d i r t  accumulat ion.  A v a r i e t y  o f  exper imenta l  pane ls  were i n s t a l  l e d  

a t  v a r i o u s  h e i g h t s  and d i s tances  f rom t h e  roadway and t h e i r  r e f l e c -  

t i v e  c h a r a c t e r i s t i c s  t e s t e d  a t  v a r i o u s  t imes over a  p e r i o d  o f  more 

than  a  yea r .  

The d i r t  accumula t ion  was markedly n o n l i n e a r .  For example, a  

p o s i t i o n  6 f e e t  (1 .8  m) up and 10 f e e t  ( 3  m)  f rom t h e  edge o f  t h e  

road  had t h r e e  t imes t h e  luminance a t  t h e  end o f  t h e  t e s t  p e r i o d  

as a  s i g n  i n  t h e  s tandard  p o s i t i o n  5 f e e t  (1 .4  m) up and 8 f e e t  

(2 .4  m) f rom t h e  edge o f  t h e  road.  The improved r e f l e c t i v i t y  o f  t h e  

more d i s t a n t  s i g n  as a  consequence o f  reduced d i r t  accumula t ion  more 

than  compensated f o r  t h e  reduced e f f i c i e n c y  of h e a d l i g h t s  a t  t h i s  

d i s t a n c e .  

A somewhat s i m i l a r  s tudy  has been r e p o r t e d  by Anderson (1966) .  

I n  t h i s  i n v e s t i g a t i o n ,  f o u r  t e s t  i n s t a l l a t i o n s  o f  w h i t e  pane ls  

composed o f  r e t r o r e f l e c t i v e  s h e e t i n g  were s e t  up. The u n i t s  were 

about  4  f e e t  (1.2 m) square and were s e t  w i t h  t h e i r  l e f t  edge 11 

f e e t  ( 3 . 4  m )  from t h e  pavement edge. These u n i t s  were l e f t  i n  p l a c e  

and photometered r e g u l a r l y  f o r  18 months. A d d i t i o n a l  smal l  t e s t  

pane ls  were s e t  w e l l  o f f  i n t o  t h e  roads ide  area t o  be c e r t a i n  they  

r e c e i v e d  no spray  from pass ing c a r s .  It was determined t h a t  t h e  

dayt ime r e f l e c t a n c e  o f  t h e  t e s t  i n s t a l l a t i o n s  were 1  i t t l e  a f f e c t e d .  

The c o n t r o l  pane ls  s tayed a t  about  98%, and a l l  o f  t h e  t e s t  pane ls  

b u t  t h e  extreme lower  l e f t  ones r e t a i n e d  90% o r  b e t t e r  o f  o r i g i n a l  

r e f l e c t a n c e  a f t e r  one and a  h a l f  yea rs  o f  exposure. However, t h e  

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

pane ls  were measured a t  about  80% o f  o r i g i n a l  luminance a f t e r  t h e  



18-month t e s t  p e r i o d ,  w h i l e  t h e  t e s t  s i g n  pane ls  v a r i e d  f rom 52  t o  

80%. The p o o r e s t  performance was a s s o c i a t e d  w i t h  pane ls  wh ich  were 

l owes t  and c l o s e s t  t o  t h e  road.  The a u t h o r  recommends t h a t  s i g n s  be 

p l a c e d  14 f e e t  ( 4 . 3  m) f rom t h e  roadway edge and 6  f e e t  (1.8 m) up, 

wh ich  he says wou ld  a l l o w  50% o r  b e t t e r  r e t e n t i o n  o f  r e f l e c t i v e  

e f f i c i e n c y  o v e r  t h e  t e s t  p e r i o d  concerned. 

Roadway d e l i n e a t o r s  have been an o b j e c t  o f  p a r t i c u l a r  concern  

because they  must  be s e t  on o r  ve ry  near  t h e  roadway t o  o p e r a t e  

e f f e c t i v e l y .  Re id  and T y l e r  (1969) have r e p o r t e d  an i n v e s t i g a t i o n  

o f  t h e  changes i n  r e f l e c t i v e  e f f i c i e n c y  o f  median mounted d e l i n e a t o r s  

p o s i t i o n e d  33.5 i nches  (85 crn) up and 25.6 i nches  (65 cm) o f f  t h e  

r o a d  d u r i n g  t h e  w i n t e r  i n  Grea t  B r i t a i n .  I t  was determined t h a t  

w i t h i n  one week t h i s  p a r t i c u l a r  s e t  of d e l i n e a t o r s  had f a l l e n  t o  20% 

o f  t h e i r  o r i g i n a l  r e f l e c t i v e  e f f i c i e n c y .  W i t h i n  t h r e e  weeks they  

were down t o  about  5  t o  6%. 

Simi  l a r l y  , Kennedy (1974) i n v e s t i g a t e d  d e l  i n e a t o r s  made o f  

r e t r o r e f l e c t i v e  shee t ing ,  p o s i t i o n  n o t  i n d i c a t e d .  He found t h e  

e f f i c i e n c y  reduced t o  about  10% of  o r i g i n a l  a f t e r  t h r e e  y e a r s .  The 

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

t o  about  25% a f t e r  one y e a r .  These i n s t a l l a t i o n s  were i n  A u s t r a l i a  

where snow and s l u s h  would n o t  be a  problem. 

Whi le  i t  i s  v a l u a b l e  t o  know about  t h e  performance o f  r e t r o -  

r e f l e c t i v e  dev ices  i n  p a r t i c u l a r l y  severe  environments,  such as c l o s e  

t o  t h e  roadway, i t  would  a l s o  be v a l u a b l e  t o  know something about  

t h e i r  performance i n  normal gu ide  s i g n i n g  p o s i t i o n s  w e l l  away f r o m  

t h e  immediate highway env i ronment .  No r e p o r t s  on t h i s  aspec t  o f  

env i ronmenta l  e f f e c t s  have come t o  t h e  a t t e n t i o n  o f  t h e  p r e s e n t  

a u t h o r s .  I t  would be ve ry  u s e f u l  were data  a v a i l a b l e  i n d i c a t i n g  t h e  

p h o t o m e t r i c  performance o f  d i f f e r e n t  m a t e r i a l s  as a  f u n c t i o n  o f  f a c -  

t o r s  such as :  o r i e n t a t i o n ,  l o c a t i o n s  around t h e  c o u n t r y ,  t i m e  and 

maintenance.  Lack ing  such da ta  t h e  a c t u a l  performance o f  t hese  

m a t e r i a l s  i n  t h e  r e a l  w o r l d  can o n l y  be approximated.  



Discuss ion  

The o b j e c t i v e  o f  t h i s  program i s  w e l l  d e f i n e d  i n  i t s  t i t l e :  

"Determine t h e  Luminous Requirements o f  R e t r o r e f l e c t i v e  Highway 

S igns.  " I t  i s  e v i d e n t  f rom t h e  f o r e g o i n g  1  i t e r a t u r e  rev iew  t h a t  a  

s u b s t a n t i a l  number o f  s t u d i e s  have been c a r r i e d  o u t  i n  an a t tempt  t o  

p r o v i d e  an answer t o  t h i s  problem. The i s s u e  now i s  t h e  e x t e n t  t o  

which ava i  l a b l e  data  a r e  s a t i s f a c t o r y .  

I n  o r d e r  t o  p r o p e r l y  meet t h e  o b j e c t i v e  o f  t h i s  s tudy  i t  i s  

necessary t o  r e l a t e  pho tomet r i c  measures t o  some meaningful c r i t e r i o n  

o f  s i g n  performance.  The dependent v a r i a b l e  most commonly empl oyed 

i n  s t u d i e s  o f  t h i s  t y p e  i s  " l e g i b i l i t y  d i s t a n c e . "  Some o f  t h e  s t u d i e s  

reviewed p r o v i d e d  n e i t h e r  t y p e  o f  da ta ,  o t h e r  s t u d i e s  p r o v i d e d  one o r  

t h e  o t h e r  b u t  n o t  bo th .  However, a  number o f  i n v e s t i g a t i o n s  do p ro -  

v i d e  da ta  i n  a  p o t e n t i a l l y  usefu l  form, n o t a b l y  those of A l l e n ,  

e t  a1 . , Smyth, and D a h l s t e d t .  F u r t h e r ,  these s t u d i e s ,  t o  t h e  e x t e n t  

t hey  can be compared, a r e  i n  good agreement. For  example, Tab le  A-2 

compares t h e  recommendations o f  these t h r e e  i n v e s t i g a t o r s .  

TABLE A-2. Recommended Luminance Values ( i n  Foot  Lamberts) 
f o r  S ign  Legends o r  Backgrounds as a  Func t ion  o f  
Ambient I l l u m i n a t i o n .  Data f rom t h r e e  d i f f e r e n t  
au tho rs .  

7 Ambient Level  I 
I n v e s t i g a t o r  r D a r k  I Medium B r i g h t  

A1 l e n  e t  a1 . 
Dah ls ted t  

Smy t h  8-10 15-30 

These data  a r e  impress i ve .  However, t h e i r  re levance  t o  t h e  

p r e s e n t  case i s  n o t  c l e a r  because these s t u d i e s  were a l l  concerned 

w i t h  b l a c k  and w h i t e  s igns  o n l y .  Thus, e f f e c t s  o f  c o l o r  c o n t r a s t  

and t h e  p o s s i b l e  i n t e r a c t i o n  o f  legend and background 1 umi nance 

were n o t  addressed. 



I n  t h e  f i n a l  a n a l y s i s  t h e r e  a r e  o n l y  two s t u d i e s  wh ich  p r o v i d e  

adequate documentat ion o f  independent and dependent v a r i a b l e s  and 

deal  w i t h  s i t u a t i o n s  where: (1) b o t h  legend and background have 

s i g n i f i c a n t  1 uminance, and ( 2 )  t h e  backgrounds have d i f f e r e n t  

c o l o r s .  These a r e  t h e  i n v e s t i g a t i o n s  by H i l l s  and Freeman and t h e  

r e c e n t  work o f  Forbes and h i s  co-worders.  However, as has a l r e a d y  

been noted,  t h e  r e s u l t s  o f  t hese  two e f f o r t s  do n o t  agree w e l l  i n  

some respec ts .  F u r t h e r ,  t h e  p r e s e n t  au tho rs  a r e  concerned w i t h  

some aspects  o f  each s tudy  wh ich  make t h e  u t i l i t y  o f  t h e  d a t a  

q u e s t i o n a b l e .  

The H i l l s  and Freeman paper desc r ibes  a thorough p r e s e n t a t i o n  

of  a broad range o f  background and legend luminances and t h r e e  

c o l o r s .  There i s  no r e p o r t e d  e f f o r t  t o  v a l i d a t e  t h e  p r e d i c t e d  l e g i -  

b i  l i t y  d i s t a n c e s .  The techn ique  employed r e q u i r e d  t h e  s u b j e c t  t o  

v iew t h e  d i s p l a y  c o n t i n u o u s l y  w h i l e  a d j u s t i n g  t h e  1 egend 1 uminance 

upward t o  t h e  p o i n t  o f  l e g i b i l i t y .  As a r e s u l t ,  v i e w i n g  t i m e  was a t  

l e a s t  p a r t i a l  l y  confounded w i t h  background luminance and legend  s i z e .  

E s p e c i a l l y  a t  h i g h e r  luminance l e v e l s ,  t h e  s i g n  was b r i g h t  enough t o  

s i g n i f i c a n t l y  a1 t e r  da rk  a d a p t a t i o n ,  wh ich  means t h a t  da ta  f o r  

b r i g h t e r  s i g n s  and/or  sma l l  e r  1 egends were taken  under d i f f e r e n t  da rk  

a d a p t a t i o n  c o n d i t i o n s  than  da ta  on d a r k e r  s igns  and/or  l a r g e r  legends.  

F u r t h e r ,  as t h e  au tho rs  have determined f r o m  work ing  w i t h  t h e i r  own 

v e r s i o n  o f  t h i s  appara tus ,  f i x a t i n g  a d i s p l a y  o f  t h i s  t y p e  a t  h i g h  

luminance l e v e l s  q u i c k l y  produces an a f te r image ,  wh ich  i s  seen as 

superimposed on t h e  s i g n ,  g i v i n g  i t  a non-un i fo rm appearance and 

g e n e r a l l y  making t h e  background appear l e s s  b r i g h t  t han  i t  d i d  o r i g i -  

n a l l y .  What t h i s  does t o  t h e  da ta  i s  u n c e r t a i n .  Thus, t h e r e  may be 

some reason t o  q u e s t i o n  t h e  v a l i d i t y  o f  t h e  H i l l s  and Freeman f i n d i n g s ,  

a t  l e a s t  u n t i l  t h e y  can be v e r i f i e d  by procedures wh ich  overcome t h e  

problems no ted  above. 

The s tudy  r e p o r t e d  by  Forbes and h i s  co-workers a p p a r e n t l y  

avo ids  t h e  problems j u s t  no ted.  A1 though t h e  d e s c r i p t i o n s  c o n t a i n e d  

i n  papers p u b l i s h e d  t o  d a t e  a r e  u n c l e a r  concern ing some d e t a i l s  o f  t h e  



t e s t  procedure and l e v e l s  o f  independent va r i ab l es ,  t he  methodology 

seems b a s i c a l l y  sound. I n  s p i t e  o f  t h i s  however, t he re  a re  two 

aspects o f  t he  r e s u l t s  which a re  troublesome t o  t h e  authors  o f  t h i s  

rev iew.  

The f i r s t  i s  t he  s u b s t a n t i a l  d i f f e r e n c e  i n  measured l e g i b i l i t y  

d i s t ance  comparing t he  f i e l d  and l a b o r a t o r y  s t ud ies .  I t  i s  t r u e  t h a t  

Forbes, e t  a l ,  a t t r i b u t e  t h i s  t o  d i f f e rences  i n  v iew ing  cond i t i ons  

( "g lance"  vs. "pure"  l e g i b i l i t y )  . However, i n  h i s  1939 paper reviewed 

e a r l i e r  Forbes es t imated  t h i s  e f f e c t  a t  10-16%, s u b s t a n t i a l l y  l ess  

than repo r t ed  here.  

The second i s  t he  s imple 1  i n e a r  r e l a t i o n s h i p  between luminance 

and l e g i b i l i t y  which i s  r epo r t ed  and t h e  l a c k  o f  an i n t e r a c t i o n  

between background 1  uminance and requ i  r ed  con t ras t .  A1 1  o f  t h e  

s t ud ies  reviewed, which have sys temat i ca l  l y  v a r i e d  1  uminance 1  eve ls  , 
r e p o r t  evidence o f  maxima, l e v e l s  beyond which performance d i d  n o t  

improve o r  may a c t u a l l y  have dec l ined .  Fu r t he r ,  bas ic  v i s i o n  

research, such as t h a t  o f  B lackwe l l ,  leads t o  t he  expec ta t ion  t h a t  

t he  c o n t r a s t  r e q u i r e d  t o  achieve a  g iven  l e v e l  o f  performance w i l l  

d e c l i n e  as background luminance i s  increased. (Th i s  e f f e c t  w i  11 be 

noted i n  t h e  Hi1 1s and Freeman data,  as an example. ) O f  course, 

these a re  merely quest ions which i n d i c a t e ,  a t  wors t ,  t h a t  f u r t h e r  

s tudy i s  i n d i c a t e d  be fo re  t h e  recommendations can be taken a t  face 

va lue .  

I n  sum, a l though t he re  have been a  number o f  s t ud ies  which have 

sought some s o r t  o f  answer t o  t he  problem posed i n  t h i s  i n v e s t i g a t i o n ,  

t h e r e  have been o n l y  two which have been c a r r i e d  o u t  i n  such a  way as 

t o  be p o t e n t i a l l y  capable o f  p r o v i d i n g  d e f i n i t i v e  answers. 

Un fo r t una te l y ,  both o f  these s tud ies  have p o s s i b l e  f laws and t he  

r e s u l t s  do n o t  compare w e l l .  Fu r t he r ,  t he  authors  i n  n e i t h e r  case 

p rov i de  t he  t r a f f i c  eng ineer  w i t h  data which enable a  ready appra isa l  

o f  t h e  m e r i t s  o f  va r ious  r e t r o r e f l e c t i v e  m a t e r i a l  op t ions .  Thus, i t  

appears t h a t  f u r t h e r  work on t he  problem i s  needed, n o t  o n l y  t o  

c l a r i f y  some o f  t h e  remain ing problems, b u t  t o  produce recommendations 



i n  a f o r m  which i s  u s e f u l  t o  t r a f f i c  eng ineers  i n t e r e s t e d  i n  c o s t -  

e f f e c t i v e n e s s  d e c i s i o n s  wh ich  c o n s i d e r  v i s u a l  per formance as a  

v a r i a b l e .  
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LABORATORY STUDY 



LABORATORY STUDY 

T h i s  phase of t h e  NCHRP 3-24 program c o n s i s t e d  o f  a  p a r a m e t r i c  

1  a b o r a t o r y  s t u d y  designed t o  p r o v i d e  b a s i c  d a t a  r e g a r d i n g  human 

v i s u a l  capabi  1  i t y  as a  f u n c t i o n  o f  s e v e r a l  p e r t i n e n t  v a r i a b l e s .  

VARIABLES: The f o l  l o w i n g  v a r i a b l e s  were i n v e s t i g a t e d :  

C o l o r .  Seven c o l o r s  were used as backgrounds f o r  t h e  s i m u l a t e d  

s i g n s :  

1. Green 

2. B lue  

3 .  Red 

4. B lack  

5 .  Ye l l ow  

6. Orange 

7 .  Whi te 

Whi te  legends were used w i t h  t h e  f i r s t  f o u r  c o l o r s  and b l a c k  

legends w i t h  t h e  l a s t  t h r e e .  

Background Luminance. The background 1  umi nance va lues  used f o r  

t h e  v a r i o u s  c o l o r s  a r e  shown i n  Tab le  B-1. Note t h a t  green,  b l u e  and 

r e d  were used o n l y  a t  t h e  fou r  va lues i n d i c a t e d ,  legend luminance 

be ing  v a r i e d  t o  de te rm ine  t h r e s h o l d s .  B lack  was used a t  one l e v e l  

o n l y  ( z e r o  luminance) .  The o t h e r  t h r e e  c o l o r s  used a  b l a c k  legend,  

t h e  luminance o f  wh ich  remained c o n s t a n t  ( e s s e n t i a l l y  z e r o  f t - L )  and 

t h r e s h o l d s  were determined by v a r y i n g  background luminance th rough  

t h e  range i n d i c a t e d .  D e t a i l s  o f  t h e  methodology w i l l  be e x p l a i n e d  

l a t e r .  

Legend Luminance. Legend 1  uminance ( w h i t e  o n l y )  c a u l  d  be v a r i e d  
2 from a  maximum of  215 f t - L  (737 cd/m2) t o  0.008 f t / L  (0.027 cd/m ) i n  

21 s t e p s .  The f i l t e r s  and t h e  luminance va lues a s s o c i a t e d  w i t h  them 

a r e  l i s t e d  i n  Table  B-2. 

Surround Luminance. Sheets o f  w h i t e  d i f f u s e l y  r e f 1  e c t i v e  mate- - -- 
r i a l  were hung beh ind  t h e  s i g n  d i s p l a y  ( see  F i g u r e  B-3) .  T h i s  



TABLE B-1 . Luminance L e v e l s  Used f o r  Va r ious  Co lo rs  i n  L a b o r a t o r y  
L e g i b i l i t y  I n v e s t i g a t i o n .  

1 
Luminance ( F t - L )  * 

Filter No. 

None 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Filter 
Transmission 
(Percent) 

100. 

48.8 

23.0 

9.9 

7.0 

5.0 

2.5 

1.0 

0.76 

0.46 

0.25 

0.10 

Yellow 

46.1 

22.5 

Orange 

17.6 

8.6 

4.0 

Green 

11.0 

4 

White 

61.5 

30.0 

14.1 

0.1 

0.01 

1.7 1 6.1 l.l 

Blue 

11.0 

110.6 

o.g i 4.6 

Red 

9.6 

0.1 

0.01 

4.3 

3.1 

1.54 

0.61 

0.47 

0.29 

0.15 

0.06 

' 3 * 2  I lo2 
0.09 

2.3 0.9 

1.15 

0.46 
I 
I 0.35 0.13 

I 0.21 0.08 

0.44 

0.17 

I 0.12 

0.01! 0.05 
I 

0.04 

0.02 



TABLE B-2 .  Luminance L e v e l s  f o r  Wh i te  Legends i n  L a b o r a t o r y  
L e g i b i l i t y  I n v e s t i g a t i o n .  

Filter Number 
Filter 

Transmission 
(Percent) 

Legend 
Luminance 

( F t - L )  * 
I 

None i 100. 215. 



m a t e r i a l  c o u l d  be i l l u m i n a t e d  by a  s e r i e s  o f  overhead l i g h t s  t o  a  
2  1  eve1 o f  1.5 f t - L  (5 .14  cd/m ) . Luminance o f  t h e  s u r f a c e  w i t h  t h e  

1  i g h t s  o f f  was 0.006 f t - L  (0 .021  cd/m2). 

S u b j e c t  V i s u a l  C h a r a c t e r i s t i c s .  The p a r t i c i p a n t s  were screened 

and c l a s s i f i e d  i n  t h e  f o l l o w i n g  groups:  

a. Normal : 20120 (616)  f a r  a c u i t y  and o the rw ise  normal v i s i o n .  

b. Poor a c u i t y :  20130 t o  20140 (619 t o  6/12) f a r  a c u i t y  and 
o t h e r w i s e  normal v i s i o n .  

c .  O ld :  65 y e a r s  o f  age o r  o l d e r  w i t h  normal v i s i o n .  

d, Poor low c o n t r a s t  a c u i t y :  A t  l e a s t  20120 (616)  h i g h  con- 
t r a s t  f a r  a c u i t y  w i t h  20/35 t o  20140 (6110.7 t o  6/12) low 
c o n t r a s t  f a r  a c u i t y  . 

METHOD 

V iewing Time. I n  p r e v i o u s  i n v e s t i g a t i o n s  o f  s i g n  l e g i b i l i t y  

v i e w i n g  t i m e  has g e n e r a l l y  n o t  been c o n t r o l l e d .  There a r e  two 

reasons why i t  i s  d e s i r a b l e  t o  do so:  

F i  r s  t , a  r e s t r i c t e d  v i e w i n g  t i m e  more n e a r l y  approximates r e a l  

w o r l d  c o n d i t i o n s .  I n  a  1939 paper,  Forbes d i s t i n g u i s h e d  between 

"g lance  l e g i b i l i t y "  and "pure  l e g i b i l i t y , "  and p o i n t e d  o u t  t h a t  t h e  

former wou ld  y i e l d  more c o n s e r v a t i v e  l e g i b i l i t y  d i s t a n c e s .  Thus, 

more a c c u r a t e  es t ima tes  o f  l e g i b i l i t y  d i s t a n c e s  t o  be expected under 

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

s t i m u l u s  m a t e r i a l  . 
Second, a t  h i g h  s i g n  luminance l e v e l s ,  con t inuous  f i x a t i o n  can 

s i g n i f i c a n t l y  a l t e r  da rk  a d a p t a t i o n .  As a  r e s u l t ,  s i g n  luminance i s  

confounded w i t h  da rk  a d a p t a t i o n  i n  a  way t h a t  i s  n o t  r e p r e s e n t a t i v e  

o f  t h e  r e a l  w o r l d .  

F o r  these reasons exuosure t i m e  was r e s t r i c t e d  t o  one second i n  

t h i s  s t u d y .  One second i s  recommended by Forbes (1939) as a  r e a l -  

i s t i c  app rox ima t ion  o f  t h e  amount o f  t i m e  a  d r i v e r  can s t u d y  a s i g n  

i n  any one g lance  w h i l e  d r i v i n g  a t  highway speeds. S u f f i c i e n t  t i m e  

was a1 lowed between exposures,  based on p i 1  o t  da ta ,  t o  p e r m i t  a f t e r  



images t o  fade and da rk  a d a p t a t i o n  t o  be r e s t o r e d .  

V i s u a l  Task. The v i s u a l  t asks  used by p rev ious  i n v e s t i g a t o r s  

have v a r i e d  b u t  have g e n e r a l l y  employed c o n v e n t i o n a l  l e t t e r s .  Some- 

t imes  t h e  t a s k  i n v o l v e d  t h e  i d e n t i f i c a t i o n  o f  s i n g l e  l e t t e r s  o r  

groups of l e t t e r s .  I n  o t h e r  s t u d i e s  u n f a m i l i a r  o r  f a m i l i a r  p l a c e  

names were employed. A problem w i t h  t h e  use o f  a c t u a l  l e t t e r s  o r  

p l a c e  names i s  t h a t  t h e  d i f f i c u l t y  o f  t h e  v i s u a l  t a s k  v a r i e s  f rom 

t r i a l  t o  t r i a l .  

For t h i s  t e s t  a  v i s u a l  t a s k  was sought  wh ich  wou ld  m i n i m i z e  t h i s  

prob lem.  It was f i n a l l y  dec ided t o  employ a  L a n d o l t  r i n g ,  a  char -  

a c t e r  wh ich  i s  commonly used i n  t e s t s  f o r  v i s u a l  a c u i t y .  The 

appara tus  was designed t o  enab le  t h e  gap i n  t h e  r i n g  t o  be o r i e n t e d  

i n  any o f  f o u r  p o s i t i o n s ,  co r respond ing  t o  t h e  twe lve ,  t h r e e ,  s i x ,  

and n i n e  p o s i t i o n s  on t h e  f a c e  o f  a  c l o c k .  The s u b j e c t  was r e q u i r e d  

t o  respond w i t h  h i s  b e s t  guess o f  t h e  gap p o s i t i o n  on a l l  t r i a l s  

excep t  those  i n  wh ich  t h e  r i n g  was n o t  v i s i b l e .  

Equipment. A way was sought  t o  s i m p l y  and a c c u r a t e l y  m a i n t a i n  

independent c o n t r o l  o f  background and legend luminance.  An o p t i c a l  

d e v i c e  f i r s t  d e s c r i b e d  by H i  11s and Freeman (1970) seemed t o  o f f e r  

t h e  b e s t  means t o  t h i s  end. W i th  some m o d i f i c a t i o n ,  a  s i m i l a r  u n i t  

was b u i l t  f o r  t h i s  i n v e s t i g a t i o n .  A schemat ic  o f  t h e  equipment i s  

shown i n  F i g u r e  B-1. The u n i t  wh ich  p r o v i d e s  t h e  s i m u l a t e d  s i g n  

d i s p l a y  i s  diagrammed a t  t h e  upper l e f t .  I n s i d e  t h e  box a t  p o s i t i o n  

A (dashed l i n e )  i s  a  p i e c e  o f  p l a t e  g l a s s  wh ich  r e f l e c t s  about  8% o f  

t h e  l i g h t  d i r e c t e d  toward i t  and t r a n s m i t s  about  90%. On t h e  l e f t  

o f  t h e  box a t  p o s i t i o n  B i s  a  s l i d e  mount ing  i n  wh ich  t h e  s i g n  back- 

ground m a t e r i a l  was p laced .  Encapsu la ted l e n s  r e t r o r e f l e c t i v e  

s h e e t i n g  was used f o r  t h e  background. A t  C i s  a  r o t a t a b l e  mount ing 

i n  wh ich  c l e a r  p l a s t i c  squares w i t h  t h e  L a n d o l t  r i n g  legends were 

p laced .  An o r d i n a r y  m i r r o r  i s  p laced  a t  D. Two l i g h t  sources a r e  

used, L1 and L2 .  L1 p r o v i d e s  background luminance.  L i g h t  f rom L1 i s  

r e f l e c t e d  a t  D ,  passes th rough  A and i s  r e t r o r e f l e c t e d  by t h e  m a t e r i a l  

a t  8 .  About 8% o f  t h i s  luminance i s  r e f l e c t e d  by A  toward t h e  s u b j e c t  
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t h rough  C .  L2 p r o v i d e s  l egend  luminance.  The beam f r c m  t h i s  source,  

when r e f l e c t e d  f rom a  m i r r o r  i n  f r o n t  of t h e  s u b j e c t ' s  eyes a t  E, i s  

cen te red  upon t h e  l egend  a t  C .  The eyes o f  t h e  s u b j e c t  a r e  p o s i -  

t i o n e d  above m i r r o r  E and c e n t e r e d  so t h a t  t h e  d i ve rgence  a n g l e  i s  

t h e  same f o r  b o t h  eyes. The d i ve rgence  a n g l e  was about  0.3'. The 

v i e w i n g  box was s e t  a t  a  s l i g h t  a n g l e  r e l a t i v e  t o  t h e  beam f r o m  

m i r r o r  E t o  e l i m i n a t e  s p e c u l a r  r e f l e c t i o n s .  

The L a n d o l t  r i n g s  were c u t  f rom w h i t e  encapsu la ted  l e n s  

s h e e t i n g  o r  f l a t  b l a c k  p l a s t i c  s h e e t i n g  as a p p r o p r i a t e  t o  make 2 com- 

p l e t e  s e t s  o f  11 legend  t a r g e t s  f o r  p o s i t i v e  and n e g a t i v e  c o n t r a s t  

c o n d i t i o n s .  The r i n g s  were made w i t h  t h e  s t r o k e  w i d t h  equal  t o  1 1 5 t h  

o v e r a l l  h e i g h t .  Gap h e i g h t  was equa l  t o  s t r o k e  w i d t h .  S p e c i f i c a t i o n s  

f o r  t h e  L a n d o l t  r i n g s  a r e  g i v e n  i n  Tab le  8-3. It s h o u l d  be no ted  t h a t  

o n l y  f i v e  o f  t h e  r i n g s  were a c t u a l l y  used i n  t h e  s tudy ;  t h o s e  whose 

v i s i  b i  1  i ty  d i s t a n c e  s p e c i f i c a t i o n s  most n e a r l y  approached 30, 40, 50, 

60 and 70 f t l i n c h  l e t t e r  h e i g h t  (3 .6 ,  4.8,  6 .0 ,  7 .2  and 8.4 mlcm). 

The l i g h t  sources were s t a n d a r d  35mm s l i d e  p r o j e c t o r s .  Each 

was f i t t e d  w i t h  a  p i n h o l e  a p e r t u r e  immed ia te l y  beh ind  t h e  s l i d e  

p o s i t i o n  i n  o r d e r  t o  r e s t r i c t  t h e  beam t o  a  d iamete r  n o  g r e a t e r  t han  

r e q u i r e d  t o  i l l u m i n a t e  t h e  background o f  t h e  s i g n  d i s p l a y .  Each p r o -  

j e c t o r  was a l s o  equ ipped w i t h  a  s o l e n o i d  opera ted  s h u t t e r ,  connected 

t o  a common c o n t r o l .  N e u t r a l  d e n s i t y  f i l t e r s  were made by t a k i n g  

p i c t u r e s  o f  a  f l a t  w h i t e  background u s i n g  b l a c k  and w h i t e  f i l m  and 

v a r i o u s  l e v e l s  o f  exposure.  The r e s u l t a n t  n e g a t i v e s  were p l a c e d  i n  

cardboard  35mm mounts t o  be f i t t e d  i n  t h e  p r o j e c t o r  t r a y s .  

Located immed ia te l y  a d j a c e n t  t o  t h e  s i g n  d i s p l a y  u n i t  was a  

t e l e v i s i o n  m o n i t o r .  T h i s  p r o v i d e d  t h e  v i s u a l  i n p u t  t o  a  s i m p l e  

t r a c k i n g  t a s k .  The m o n i t o r  p resen ted  a  scene wh ich  was w h i t e  on one 

s i d e  and b l a c k  on t h e  o t h e r .  A f o r c i n g  f u n c t i o n  c o n s i s t i n g  o f  t h e  

sum o f  t h r e e  s i n e  waves d rove  t h e  d i v i d e r  back and f o r t h  a t  a  f r e -  

quency o f  abou t  0.1 H z .  

An opaque sc reen  was s e t  i n  f r o n t  o f  t h e  TV. I n  i t  was a  s l o t  
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Outside 
V i s i b i l i t y  D is tance Diameter 

( f t / i n c h  l e t t e r  h e i g h t )  / ( i nches)  

I I 

I n s i d e  
D i  ameter 
( i nches)  



f o u r  inches (10 cm) h i gh  and t he  w i d t h  of t he  TV screen (16 inches 

[40.6 cm]) .  The s l o t  was covered w i t h  two p o l a r i z e d  sheets,  s e t  f o r  

n e a r l y  maximum f i l t r a t i o n .  To t h e  s u b j e c t  t h i s  t r a c k i n g  t ask  p re -  

sented t h e  appearance o f  a  dim p u r p l e  bar  which became longer  and 

sho r t e r .  The s u b j e c t  was i n s t r u c t e d  t o  ma in ta i n  t he  bar  a t  a  p o i n t  

about h a l f  way across t h e  t e l e v i s i o n  s e t .  He o r  she was p rov ided  

w i t h  a  smal l  j o y  s t i c k  c o n t r o l  f o r  t h i s  purpose. 

Performance on t h e  t r a c k i n g  task  was n o t  scored. P r i m a r i l y  i t  

was a  way o f  i n s u r i n g  t h a t  t h e  s u b j e c t ' s  eyes were f i x a t e d  a t  a  

common p o i n t  p r i o r  t o  each t r i a l  and accomodated t o  t h e  proper  d i s -  

tance. 

F i gu re  B-2 i s  a  c lose-up o f  t h e  s i g n  d i s p l a y  and t e l e v i s i o n  

t r a c k i n g  task .  F i gu re  B-3 shows t h e  same equipment as viewed from 

the  s u b j e c t ' s  p o s i t i o n .  

The v iew ing  box was equipped w i t h  a  hinged s h i e l d  which served 

t he  dual purpose o f  p r o v i d i n g  a  cons tan t  11" x  11" (28 x  28 cm) o u t -  

l i n e  t o  t h e  s i g n  regard less  of any s l i g h t  e r r o r s  t h a t  may have 

occurred i n  t he  ac tua l  p o s i t i o n i n g  o f  t he  mechanism, and a l s o  

screened t h e  swi tches and o the r  parapherna l ia  on t he  face  o f  t he  box 

from t h e  observer.  Th is  s h i e l d  i s  shown opened i n  F i gu re  8-4. 

F i gu re  B-5 i s  an o v e r a l l  view o f  t h e  sub jec t  s t a t i o n .  The sub- 

j e c t  was seated as shown w i t h  h i s  head supported and r e s t r a i n e d  bo th  

v e r t i c a l l y  and h o r i z o n t a l l y  by t h e  yoke shown i n  d e t a i l  i n  F i gu re  B-6. 

The s u b j e c t ' s  arms were extended fo rward  as shown i n  F i gu re  B-5.  The 

f i n g e r s  o f  t he  l e f t  hand engaged t he  mina tu re  j o y  s t i c k  w i t h  which 

t he  s u b j e c t  c o n t r o l l e d  t h e  t r a c k i n g  task .  The palm o f  t h e  r i g h t  hand 

res ted  on a  response box which enabled t he  sub jec t  t o  r e p o r t  t he  p o s i -  

t i o n  o f  t he  gap i n  t h e  Lando l t  r i n g  by p ress ing  an app rop r i a t e  bu t t on .  

F igure  8-7 i s  a  photograph o f  t he  exper imente r ' s  s t a t i o n .  The 

p r o j e c t o r  near t he  t o p  o f  t he  scene i s  L1, which p rov ided  background 

luminance. The p r o j e c t o r  near t he  bottom o f  t h e  scene i s  L p ,  which 

p rov ided  legend luminance. The box c l o s e s t  t o  L1 i s  a  master c o n t r o l  



F i g u r e  B -2 .  Photograph o f  S ign  D i s p l a y  U n i t  and T r a c k i n g  Task M o n i t o r .  

F i g u r e  B -3 .  Photograph of S ign  D i s p l a y  U n i t  and T r a c k i n g  Task M o n i t o r  
as seen f rom t h e  S u b j e c t ' s  S t a t i o n .  
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F i g u r e  B-4. P h o t o g r a p h  o f  S i g n  D i s p l a y  U n i t  w i t h  F r o n t  S h i e l d  
Open. 



F i g u r e  B-5.  Photograph o f  S u b j e c t  S t a t i o n .  



F igure  B-6. Photograph o f  Head Support  a t  Sub jec t  S t a t i o n .  



Figure 0 - 7 .  Photograph of Experimenter's Station. 



F i g u r e  8-8. Photograph o f  E x p e r i m e n t e r ' s  and S u b j e c t ' s  S t a t i o n s  
as seen f r o m  S ign  D i s p l a y  U n i t .  



containing two var iacs ,  which were used t o  s e t  the color temperature 

of the projectors. These were also adjusted as required to  main- 

ta in  reference 1 uminance values throughout the study. The larger 

box in f ront  center of the desk i s  the legend rota tor  control .  I t  

a lso  contained 1 ights indicating the sub jec t ' s  response. Figure 

8-8 shows a view of the Experimenter's and Subject 's  Stations as 

seen from the position of the sign display uni t .  

Some room illumination was provided by a fluorescent desk lamp 
placed against the wall of the room t o  the experimenter's l e f t .  This 

source was adequate to  permit the experimenter t o  record data and 

provided a base l ine  adaptive level approximating a dark rural road 

fo r  the subject.  Stray l i gh t  from th i s  source was screened from the 

end of the room where the sign display unit  was located. 

I t  was desired tha t  the subject be adapted to  the mesopic level 
(a  level where both rods and cones are  functioning). I t  was con- 
cluded tha t  approximately t h i s  level was achieved from the f ac t  tha t  

a s t ab le  adaptation was reached about 5 minutes a f t e r  the fluorescent 
f ix tures  with which the lab was illuminated were extinguished. 

Photometry. The f i r s t  s tep was to  s e t  the color temperature of 

each projector equal t o  2860' K .  This was done using a sheet of 

white cardboard placed a t  the position t o  be illuminated by each pro- 

jector (background material holder fo r  L1, and face of legend holder 

fo r  L2). A Pri tchard photometer was used t o  make the measurements. 

The variac in the projector master control was adjusted unti l  the 
desired color temperature had been achieved fo r  each projector. 

The luminance of each background material was then measured, 
using L1, with no neutral density f i l t e r s  in place. The same was 
done for  the white legend material ,  using L 2 .  I n  addit ion,  the 
transmissivity of the en t i re  collection of neutral density f i l t e r s  
was measured using L2 and the white legend material .  Using these 
data ,  neutral density f i l t e r s  were selected fo r  both projectors to  
produce the desired 1 uminance values. The f i l t e r  values selected are  
l i s t ed  i n  Tables B-1 and B-2 referred to e a r l i e r .  Calculations were 
then performed to  predict the background and legend luminance fo r  



each background c o l o r  and combinat ion  o f  f i l t e r s  f rom t h e  two p r o -  

j e c t o r s .  ( I t  shou ld  be no ted  t h a t  t h e  legend p r o j e c t o r  c o n t r i b u t e d  

somewhat t o  t h e  background luminance.  T h i s  was accounted f o r  i n  t h e  

c a l c u l a t i o n s .  ) Pho tomet r i c  measures were then  made u s i n g  a  sub- 

s t a n t i a l  number o f  combinat ions  o f  f i l t e r s  and background c o l o r s  t o  

v e r i f y  t h a t  t h e  c a l  c u l  a t i o n s  were c o r r e c t .  

Dur ing  t h e  da ta  c o l l e c t i o n  phase pho tomet r i c  checks were made 

t w i c e  a  day as a  minimum, once i n  t h e  morn ing and once p r i o r  t o  t h e  

s t a r t  of t h e  a f te rnoon  sess ion .  Checks were made u s i n g  maximum l u m i  - 
nance f o r  green background and w h i t e  legend m a t e r i a l .  Drift r a r e l y  

exceeded 10% and was o f t e n  5% o r  l e s s .  O c c a s i o n a l l y  checks were 

made a t  t h e  end o f  a  morning o r  a f t e r n o o n  sess ion  i n  o r d e r  t o  be 

c e r t a i n  t h a t  excess i ve  d r i f t  had n o t  occu r red  d u r i n g  t h e  sess ion .  

These r e s u l t s  were e s s e n t i a l l y  t h e  same as those  from t h e  r e g u l a r  

morn ing and a f t e r n o o n  checks. 

Sub jec ts .  P a r t i c i p a n t s  i n  t h i s  s tudy  were r e c r u i t e d  by a  news- 

paper adve r t i semen t .  P o t e n t i a l  s u b j e c t s  were asked t o  t a k e  a  s i m p l e  

v i s i o n  t e s t ,  on t h e  b a s i s  o f  wh ich  t h e  exper imen ta l  groups were com- 

posed. When each s u b j e c t  appeared f o r  t h e  v i s i o n  t e s t  t hey  were 

g i v e n  t h e  fo rm shown i n  E x h i b i t  B - 1  t o  read  and f i l l  o u t .  The form 

e x p l a i n e d  t h e  purpose o f  t h e  t e s t ,  t h e  t ypes  of exper iments t o  be 

conducted, and s o l i c i t e d  i n f o r m a t i o n  r e l a t i n g  t o  t h e  s u b j e c t ' s  age, 

sex,  d r i v i n g  exper ience,  e t c .  

The v i s u a l  sc reen ing  was c a r r i e d  o u t  u s i n g  a  T i tmus T e s t e r .  

Tests  were conducted o f  f a r  p o i n t  a c u i t y  f o r  b o t h  eyes, s t e r e o  depth  

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

f a r  a c u i t y .  The l a s t  t e s t ,  n o t  n o r m a l l y  a v a i l a b l e  w i t h  t h e  machine 

used, was c r e a t e d  by pu rchas ing  another  f a r  p o i n t  a c u i t y  t e s t  s l i d e  

and i n s e r t i n g  a  1% n e u t r a l  d e n s i t y  f i l t e r  between t h e  s l i d e  and t h e  

l i g h t  source.  

I n  a l l ,  f o r t y - f o u r  s u b j e c t s  were screened f o r  t h e  t e s t .  These 

were then  s o r t e d  i n t o  f o u r  groups as f o l l o w s :  



1. Normal. Normal s u b j e c t s  were c l a s s i f i e d  as those hav ing 

20120 (6 /6)  o r  b e t t e r  h i g h  c o n t r a s t  f a r  a c u i t y ,  normal 

r e s u l t s  on a l l  o t h e r  t e s t s ,  and hav ing a  l o w - c o n t r a s t  

f a r  a c u i t y  score  as c l o s e  as p o s s i b l e  t o  t h e  h i g h  con- 

t r a s t  f a r  a c u i t y  t e s t  score .  

2. Poor a c u i t y .  Poor a c u i t y  s u b j e c t s  were those who were 

20140 (6112) o r  as c l o s e  t o  t h a t  as p o s s i b l e  on t h e  h i g h  

c o n t r a s t  f a r  a c u i t y  t e s t ,  normal i n  o t h e r  respec ts  w i t h  a  

low c o n t r a s t  f a r  a c u i t y  score  as near  as p o s s i b l e  t o  t h e  

h i g h  c o n t r a s t  f a r  a c u i t y  score .  

3.  Low c o n t r a s t .  Low c o n t r a s t  s u b j e c t s  were those who had 

20120 ( 6 / 6 )  o r  b e t t e r  h i g h  c o n t r a s t  f a r  a c u i t y ,  normal 

t e s t  r e s u l t s  o the rw ise ,  and as l a r g e  a  d iscrepancy as 

p o s s i b l e  i n  t h e  low c o n t r a s t  a c u i t y  t e s t  scores .  

4. O ld .  Those s u b j e c t s  c l a s s i f i e d  as o l d  were 65 o r  more 

yea rs  o l d  w i t h  t e s t  r e s u l t s  as near  normal as p o s s i b l e .  

Only two poor a c u i t y  s u b j e c t s  were r u n .  I t  was apparent  t h a t  

t h e  s p e c i f i c  d i s o r d e r s  which r e s u l t e d  i n  poor  f a r  a c u i t y  scores 

i n t e r a c t e d  w i t h  t h e  exper imenta l  t a s k  i n  a  way which produced exceed- 

i n g l y  v a r i a b l e  r e s u l t s .  One poor  a c u i t y  s u b j e c t ,  as an example, 

found i t  more d i f f i c u l t  t o  d e t e c t  t h e  gap p o s i t i o n  when i t  was o r i -  

en ted v e r t i c a l l y  t han  when i t  was o r i e n t e d  h o r i z o n t a l l y .  As a  conse- 

quence, h i s  r e s u l t s  were much worse than t h e  o t h e r  s u b j e c t ,  even 

though they  bo th  had t h e  same f a r  a c u i t y  as measured by t h e  v i s i o n  

t e s t e r .  I t  was thought  i m p r a c t i c a l  t o  pursue t h i s  c l a s s i f i c a t i o n  

f u r t h e r .  I ns tead ,  a d d i t i o n a l  normal s u b j e c t s  were r u n  t o  genera te  

a more s t a b l e  e s t i m a t e  o f  performance w i t h  green backgrounds. 

Exper imental  Design. Because o f  t h e  l a r g e  number o f  v a r i a b l e s  

cons idered i n  t h i s  i n v e s t i g a t i o n ,  i t  was n o t  f e a s i b l e  t o  des ign a 

conven t iona l ,  f u l l y  rep1 i c a t e d  exper iment.  A p a r t i a l l y  r e p l i c a t e d  

des ign was s u b s t i t u t e d  i n s t e a d .  I t  was c a r r i e d  o u t  as f o l l o w s :  

Three "normal"  s u b j e c t s  were s e l e c t e d  t o  be admin i s te red  a  f u l l  
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rep1 i c a t i o n ,  They viewed a l l  combinat ions  o f  c o l o r ,  background lumi  - 
nance, and legend s i z e  a t  low su r round  luminance,  and a1 1  l e v e l s  o f  

c o l o r ,  background luminance,  and t h e  50 and 70 f t / i n c h  ( 6  and 8.4 m/cm) 

l e t t e r  h e i g h t  legends f o r  t h e  h i g h  sur round luminance c o n d i t i o n .  T h i s  

took  f o u r  days f o r  each s u b j e c t .  I n  a d d i t i o n ,  f o u r  o t h e r  normal sub- 

j e c t s  viewed a  f u l l  r e p l i c a t i o n  o f  t h e  green background c o n d i t i o n  o n l y .  

T h i s  t o o k  one f u l l  day pe r  s u b j e c t .  

Sub jec ts  c l a s s i f i e d  as " l ow  c o n t r a s t  a c u i t y  ," "poor a c u i t y  ," and 

" o l d "  r e c e i v e d  a  p a r t i a l  r e p l i c a t i o n  c o n s i s t i n g  o f  two l e v e l s  o f  back- 

ground luminance,  (maximum and t h i r d  l e v e l )  a1 1  c o l o r s  and l e t t e r  

s i z e s .  They were shown o n l y  t h e  green background a t  h i g h  sur round 

luminance l e v e l s .  Th i s  took  one f u l l  day p e r  s u b j e c t .  Tab le  B-4 p r o -  

v i d e s  a  l i s t i n g  o f  t h e  s u b j e c t s  and c e r t a i n  key data  f o r  each. 

Procedure.  When a  s u b j e c t  appeared f o r  a  f i r s t  sess ion  he was 

seated a t  t h e  s u b j e c t ' s  s t a t i o n  and read  t h e  i n s t r u c t i o n s  reproduced 

i n  E x h i b i t  B - 2 .  The head yoke was a d j u s t e d  t o  p e r m i t  a  c o n s t a n t  and 

p r o p e r  v iew ing  p o s i t i o n .  The s e a t  h e i g h t  was a d j u s t e d  as necessary.  

A1 1  c o n t r o l s  and expected responses were exp la ined .  A t  t h i s  p o i n t  

t h e  l i g h t s  were t u r n e d  o f f  and t h e  s u b j e c t  was g i v e n  about  t e n  

minutes  t o  da rk  adapt .  Dur ing  t h e  da rk  a d a p t a t i o n  i n t e r v a l ,  p r a c t i c e  

t r i a l s  were a d m i n i s t e r e d  and ques t ions  answered. 

The o r d e r  o f  p r e s e n t a t i o n  o f  t h e  v a r i o u s  t r e a t m e n t  combinat ions  

(background c o l o r ,  legend s i z e ,  background luminance, and sur round 

luminance) was v a r i e d  from s u b j e c t  t o  s u b j e c t .  The e x a c t  method o f  

p r e s e n t i n g  t rea tmen ts  depended on t h e  background c o l o r  employed. 

For  s i g n s  i n  t h e  r e d ,  b l u e ,  and green s e r i e s  b o t h  p r o j e c t o r s  

were employed. F i r s t  , a  background 1  umi nance 1  eve1 was s e l e c t e d .  

The exper imenter  then  s e l e c t e d  a  f i l t e r  f o r  t h e  legend p r o j e c t o r  so 

t h a t ,  on t h e  f i r s t  t r i a l ,  t h e  luminance of  t h e  background and t h e  

legend were as near  i d e n t i c a l  as t h e  a v a i l a b l e  f i l t e r s  p e r m i t t e d .  On 

t h e  n e x t  t r i a l  t h e  legend luminance was inc reased  by one f i l t e r  s t e p .  

T h i s  process c o n t i n u e d  u n t i l  t h e  s u b j e c t  c o n s i s t e n t l y  r e p o r t e d  t h e  

gap p o s i t i o n  c o r r e c t l y .  The exper imenter  then  began a  s e r i e s  o f  



descending t r i a l s ,  ending when the subject was missing the g a p  posi- 

tion consistently. This process was continued until a minimum of 

six replications had been achieved. The number of f i l t e r  levels 

through which the experimenter had t o  search depended on the d i f f i -  

culty that the subject was experiencing in seeing the legend; varying 

from a minimum of two levels for the least  d i f f icu l t  configurations 

(high luminance backgrounds and large l e t t e r s )  t o  eight or ten levels 

in some of the more d i f f icu l t  cases. Always the experimenter sought 

t o  go from a level where performance was no better t h a n  chance t o  a 

level where performance was essential ly perfect. 

Having completed the search a t  low legend luminance levels,  the 

experimenter then switched t o  maximum legend luminance and began the 

search over again. Frequently the subject could detect the highest 

legend luminances without error ,  b u t  in some cases (especially with 

smaller legends and low luminance backgrounds) they Could no t  do so 

and  a fu l l  search w o u l d  be inst i tuted,  following the same procedures 

used a t  lower luminance levels. Again, this process was continued 

through a minimum of  six replications. A t  th is  point the subject 

was given a short break while preparations were made for the next 

series of t r i a l s .  

For positive contrast signs (orange, yellow, and white ser ies )  

only the background projector was used. The experimenter began a t  
the lowest luminance levels and  conducted an ascending series of 

t r i a l s  until the subject could reliably report the gap  position. 

Then a series of descending t r i a l s  was ini t ia ted.  I n  this  manner a 
minimum of six replications were secured. The same process was 

repeated a t  the highest luminance 1 evels as we1 1 .  

For the white on black series only the legend projector was used. 
A sheet of hardboard painted f l a t  black was substituted in place of 
the retroreflective background material. The experimental procedure 

was the same as employed in the green, blue, a n d  red series signs, 

except that background l uminance remained constant. 



S u b j e c t  f a t i g u e  d i d  n o t  appear t o  be a  problem. On t h e  c o n t r a r y ,  

t h e  s u b j e c t s  were ve ry  i n t e r e s t e d  i n  t h e  equipment, t h e  t e s t  and t h e  

reasons f o r  i t .  A l l  ques t i ons  were answered, t hey  were a l l o w e d  t o  

see t h e i r  da ta ,  and t h e  procedures were f u l l y  e x p l a i n e d .  T h i s  

undoubted ly  he1 ped t o  r e 1  i e v e  t h e  problem o f  boredom, wh ich  m i g h t  

o t h e r w i s e  have proven t o  be s e r i o u s .  

REDUCTION AND ANALYSIS OF THE LABORATORY DATA 

Raw Data. The raw v i s u a l  a c u i t y  data  corresponded t o  a  r e c o r d  

o f  t h e  s u b j e c t s  performance,  ( r i g h t  [XI, o r  wrong [ 0 ] ) ,  i n  d e t e r m i n i n g  

t h e  o r i e n t a t i o n  o f  t h e  gap i n  t h e  L a n d o l t  C t a r g e t .  Separate sco re  

sheets  were k e p t  f o r  each c o l o r ,  legend s i z e ,  and background luminance 

t r e a t m e n t  l e v e l .  Each l i n e  on a  sco re  shee t  r e f e r r e d  t o  a  g i v e n  

legend 1  umi nance t r e a t m e n t  1  e v e l  . 
Data Reduct ion .  F o r  each legend luminance c o n d i t i o n  ( 1  i n e  on 

t h e  sco re  shee t )  t h e  s u b j e c t ' s  p e r c e n t  c o r r e c t  sco re  was computed. 

The e n t i r e  h i s t o r y  o f  t h e  s u b j e c t ' s  performance f o r  each c o l o r ,  

legend s i z e ,  background f i  1  t e r  (background 1  uminance) , su r round  

1  umi nance 1  eve l  and legend f i  1  t e r  ( 1  egend 1  umi nance) t r e a t m e n t  1  e v e l  

was recorded on punched ca rds .  On each c a r d  t h e r e  were 21 f i e l d s  o f  

two co r respond ing  t o  t h e  s u b j e c t ' s  2 1  performance scores  a t  each 

legend f i l t e r .  The f o l l o w i n g  i n f o r m a t i o n  was i n c l u d e d  as w e l l  : 

background c o l o r ,  legend s i z e ,  background f i  1  t e r  and s u b j e c t  i d e n t i  - 
f i c a t i o n .  

P r e l  i m i n a r y  Data A n a l y s i s .  P r e l i m i n a r y  a n a l y s i s  i n d i c a t e d  t h a t  

t h e  s u b j e c t s '  per formance as a  f u n c t i o n  o f  legend luminance had 3 

d i s t i n c t  r e g i o n s :  1) t h e  low luminance r e g i o n  where t h e  p e r c e n t  

c o r r e c t  responses inc reased  l i n e a r l y  as t h e  l o g  o f  legend luminance,  

2 )  t h e  mid- luminance p l a t e a u  r e g i o n  where performance peaked, 3 )  t h e  

h i g h  1  umi nance r e g i o n  where performance decreased wi  t h  i n c r e a s i n g  

legend luminance.  I n  t h i s  p r e l i m i n a r y  a n a l y s i s  i t  was a l s o  d e t e r -  

mined t h a t  a  conven ien t  way t o  n o r m a l i z e  t h e  d a t a  was 'o use t h e  

l o g a r i t h m  o f  t h e  luminance r a t i o  ( 1  egend luminance/background 1  umi - 
nance) as t h e  independent  c o - o r d i n a t e  r a t h e r  than  1  egend 1  umi nance. 



computer A n a l y s i s .  Based upon t h e  r e s u l t s  of t h i s  p r e l i m i n a r y  

a n a l y s i s  a computer program was w r i t t e n  wh ich  read  each punched c a r d  

h i s t o r y  o f  a s u b j e c t ' s  performance as a f u n c t i o n  o f  legend f i l t e r  

number, background c o l  o r ,  1 egend s i z e  , background f i  1 t e r  number and 

sur round luminance and per formed t h e  f o l l o w i n g  o p e r a t i o n s :  

1. Averaged t h e  p e r c e n t  c o r r e c t  response da ta  o f  a l l  

s u b j e c t s  cor respond ing t o  a g i v e n  t r e a t m e n t  l e v e l .  

2 .  Converted each legend background f i l t e r  number f o r  

t h e  g i v e n  background co1 o r  and 1 egend background 

f i  1 t e r  i n t o  a legend background luminance.  

3 .  Converted t h e  legend background f i l t e r  number i n t o  

a 1 egend background 1 uminance . 

4. Computed t h e  l o g  1 uminance r a t i o s  co r respond ing  t o  

each legend f i  1 t e r .  

5 .  Co r rec ted  t h e  s u b j e c t s  performance sco re  f o r  h i s  

a b i l i t y  t o  o b t a i n  a sco re  o f  25% j u s t  by guessing.  

6. Determined t h e  3 b e s t  l e a s t  squares s t r a i g h t  l i n e s  

wh ich  f i t  t h e  s u b j e c t ' s  t r u e  p e r c e n t  c o r r e c t  

responses vs .  l o g  luminance r a t i o .  The 3 b e s t  l i n e s  

cor respond t o  t h e  1 ow 1 umi nance , m i  d-1 umi nance and 

h i g h  luminance performance r e g i o n s  d iscussed e a r l i e r .  

The 3 b e s t  l i n e s  a r e  c h a r a c t e r i z e d  by t h e i r  s l o p e  and 

performance i n t e r c e p t .  The p o i n t s  a t  wh ich  each o f  

t hese  l i n e s  i n t e r s e c t s  each o t h e r  i s  a l s o  determined.  

An example o f  t h e  program's  a b i l i t y  t o  s c a l e  t h e  

v i s u a l  a c u i t y  data  i s  shown i n  F i g u r e  B-9 f o r  t h e  

v i s u a l  performance data  o f  3 normal s u b j e c t s ,  f o r  a 

w h i t e  60 f t / i n c h  ( 7 . 2  m/cm) l egend  on a green back- 
2 ground o f  .1 f t - L  (0 .34  cd/m ) . 



LOG LUMINANCE RATIO 

F i g u r e  B - 9 .  An example o f  3 b e s t  s t r a i g h t  l i n e s  computer f i t  t o  
v i s u a l  a c u i t y  da ta ,  t h e  d o t s  r e p r e s e n t  t h e  average 
d a t a  o f  3 normal s u b j e c t s  f o r  a 60 f t / i n  ( 7 . 2  m/cm) 
w h i t e  legend on a green background o f  .1 f t - L  
( 0 . 3 4  cd/m2). 



RESULTS 

A b r i e f  summary o f  t h e  r e s u l t s  o f  t h i s  i n v e s t i g a t i o n  has been 

g i v e n  i n  Chapter 2 .  A number o f  s i g n i f i c a n t  v a r i a b l e s  were i d e n t i -  

f i  ed. These s h a l l  now be d iscussed i n  d e t a i  1. 

S ign Luminance. Both background and 1  egend 1 uminance a r e  o f  

impor tance as f a c t o r s  i n  s i g n  l e g i b i l i t y .  I t  i s  c l e a r  f rom t h e  

r e s u l t s  t h a t  maximum l e g i  b i  1  i t y  d i s t a n c e s  a r e  ach ieved by appro-  

p r i a t e  combi n a t i  ons o f  b o t h  background and legend 1  uminance. 

These da ta  a r e  i l l u s t r a t e d  by F i g u r e  B-10 which  shows p e r c e n t  

c o r r e c t  i d e n t i f i c a t i o n  o f  t h e  L a n d o l t  r i n g  t a r g e t  as a  f u n c t i o n  o f  

t h e  1  uminance o f  t h e  s i g n  background and t h e  luminance c o n t r a s t  p r o -  

v i d e d  by t h e  legend.  T h i s  f i g u r e  happens t o  be f o r  a  w h i t e  on green 

combinat ion  and i s  based on t h e  performance o f  t h e  young normal sub- 

j e c t s  w i t h  t h e  60 f t / i n c h  ( 7 . 2  m/cm) t a r g e t .  It i s  t y p i c a l  i n  f o r m  

t o  a l l  o t h e r  combinat ions  t e s t e d .  ( I t  w i l l  be no ted  t h a t  t h e  0 . 1  

f t - L  cu rve  d i f f e r s  somewhat f rom t h a t  shown i n  F i g u r e  B-9 .  T h i s  i s  

because B-9 i s  based on t h e  f i r s t  sample o f  3 s u b j e c t s  and F i g u r e  

B-10 i n c l u d e s  data  from a l l  7  s u b j e c t s  t e s t e d  w i t h  t h e  w h i t e  on 

green c o n f i g u r a t i o n . )  There i s  one cu rve  f o r  each of t h e  f o u r  back- 

ground luminance l e v e l s  used. Several  p o i n t s  shou ld  be noted:  

1. For each background luminance l e v e l  t h e r e  i s  a  r e g i o n  

where performance improves w i t h  i n c r e a s i n g  1  egend 1  umi - 
nance c o n t r a s t ,  T h i s  i s  f o l l o w e d  by a  r e g i o n  where 

performance peaks and becomes more o r  l e s s  s t a b l e .  

F i n a l l y ,  t h e r e  i s  a  r e g i o n  where i n c r e a s i n g  legend 

luminance i s  a s s o c i a t e d  w i t h  a  d e c l i n e  i n  performance.  
2 An e x c e p t i o n  t o  t h e  l a t t e r  i s  t h e  10 f t - L  (34 .3  cd/m ) 

curve.  Fo r  t h i s  c o n d i t i o n  t h e  maximum c o n t r a s t  o b t a i n -  

a b l e  w i t h  t h e  equipment used was 2 2 : l .  I n  t h i s  range 

no performance d e c l i n e  was noted.  

2 .  Peak performance f o r  t h e  two l o w e s t  background luminance 

l e v e l s  i s  s i m i l a r .  Peak performance improves f o r  h i g h e r  

background 1  umi nance 1  eve1 s  . 



RATIO OF LEGEND TO BACKGROUND LUMINANCE 

r i g u r e  B-10. P e r c e n t  c o r r e c t  i d e n t i f i c a t i o n  o f  a c u i t y  t a r g e t  as a  
f u n c t i o n  o f  background l um inance  (shown on c u r v e s ,  i n  
f o o t - L a n i b e r t s )  and t h e  l um inance  r a t i o  p r o v i d e d  by 
t h e  l egend .  Young, normal  s u b j e c t s ,  w h i t e  on g reen  
s i g n ,  60 f t / i n c h  ( 7 . 2  m/cm) l e t t e r  s i z e .  
( 1  f t - L  = 3 .43  cd/ci2) 



3. The c o n t r a s t  r a t i o  a t  wh ich  peak performance i s  

ach ieved becomes 1  ower as background 1  umi nance 

inc reases .  

Another way o f  l o o k i n g  a t  t hese  da ta  i s  p r o v i d e d  by F i g u r e  B-11. 

T h i s  shows t h e  legend luminance r a t i o  a s s o c i a t e d  w i t h  85% c o r r e c t  

performance f o r  d i f f e r e n t  s i z e  Land01 t r i n g  t a r g e t s  and background 

luminances. (The 1 i n e s  a r e  dashed above 60 f t / i n c h  t o  i n d i c a t e  

e x t r a p o l a t i o n s .  Data were taken u s i n g  a  70 f t / i n c h  c h a r a c t e r  b u t  

t h e  r e s u l t s  were abnormal ly  low, i n d i c a t i n g  t h a t  t h e  c h a r a c t e r  may 

have been d e f e c t i v e .  ) 

F i g u r e  B-11 i 1  l u s t r a t e s  a g a i n  t h a t  e q u i v a l e n t  l e g i b i l i t y  d i s -  

tances r e q u i r e  more legend 1  uminance c o n t r a s t  as background 1  umi - 
nance decreases. What t h i s  f i g u r e  a l s o  shows i s  t h a t  s i g n i f i c a n t  

l e g i b i l i t y  d i s t a n c e  i s  p o s s i b l e  w i t h  no luminance c o n t r a s t ,  i f  t h e  

background has s u f f i c i e n t  luminance.  I n  t h i s  case l e g i b i  1 i t y  d i s -  

tances of about  47 f t / i n c h  l e t t e r  h e i g h t  ( 5 . 6 4  m/cm) were measured 

a t  a  c o n t r a s t  r a t i o  o f  1 f o r  backgrounds o f  1 and 10 f t - L  (3 .43 and 
2  34.3 cd/m ) .  T h i s  i s  t h e  r e s u l t  o f  c o l o r  c o n t r a s t .  I t  appears t h a t  

c o l o r  e f f e c t s  a r e  n o t  s i g n i f i c a n t  a t  l e v e l s  below 0.1 f t - L  (0 .34 

cd/m2) . 

A f u r t h e r  l o o k  a t  c o l o r  c o n t r a s t  e f f e c t s  i s  p r o v i d e d  by F i g u r e  

B-12. T h i s  f i g u r e  shows t h e  p e r c e n t  c o r r e c t  responses measured 

u s i n g  a  c o n t r a s t  r a t i o  o f  1, d i f f e r e n t  legend s i z e s ,  and d i f f e r e n t  
2 

background luminances.  A t  0.01 f t - L  (0.034 cd/m ) no c o l o r  e f f e c t  

c o u l d  be measured. ( S u b j e c t i v e l y ,  a t  t h i s  l e v e l  t h e  background 

appeared gray ,  n o t  green.  ) I n c r e a s i n g  background 1  umi nance by a  

f a c t o r  o f  10 r e s u l t e d  i n  an a p p r e c i a b l e  c o l o r  c o n t r a s t  e f f e c t .  

F u r t h e r  i nc reases  i n  background 1  umi nance b rough t  abou t  s i g n i f i c a n t  

improvements i n  l e g i b i l i t y ,  a l t h o u g h  t h e r e  i s  some ev idence o f  a  
2 l e v e l i n g  above 1.0 f t - L  (3 .43 cd/m ) .  

Background Co lo r .  A l l  e f f e c t s  d i scussed  so f a r  have been 

s p e c i f i c  t o  t h e  w h i t e  on green combinat ion ,  a1 though r e p r e s e n t a t i v e  

of r e d  and b l u e  backgrounds as we1 1 .  Whi te  on b l a c k  as w e l l  as 
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F i g u r e  B-11. Requi red  l egend  luminance  r a t i o  f o r  85th '  per formance  f o r  a w h i t e  
l egend  on a g r e e n  b 3 ckground;  young normal s u b j e c t s .  
(1 f t - L  = 3.43 cd/m ) 
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Fig. 8- 12, The Effect of Color Contrast and Sign Luminance on Visual 
Acuity, White Legend on Green Background, No Luminance 
Contrast. (1  f t - L  = 3.43 cd/m2) 



b l a c k  on w h i t e ,  orange and y e l l o w  a r e  somewhat d i f f e r e n t  cases wh ich  

w i  11 be d iscussed s h o r t l y .  

The r e s u l t s  f o r  b l u e  backgrounds compared ve ry  c l o s e l y  w i t h  

those f o r  green.  Such d i f f e r e n c e s  as were no ted  i n d i c a t e d  t h a t  b l u e  

r e q u i  r e d  somewhat 1 ower l e v e l  s  o f  1 egend 1 uminance t o  ach ieve  t h e  

same l e g i b i l i t y  as green.  (Forbes [ I9761 a l s o  found b l u e  t o  be some- 

what b e t t e r  i n  t h i s  r e s p e c t  than green. )  However, these d i f f e r e n c e s  

were s l i g h t ,  and o f  l i t t l e  p r a c t i c a l  consequence. Peak l e g i b i l i t y  

d i s t a n c e s  were t h e  same f o r  b l u e  as f o r  green.  For a l l  p r a c t i c a l  

purposes i t  i s  p o s s i b l e  t o  use green background data  t o  p r e d i c t  t h e  

l e g i b i l i t y  o f  b l u e  background s i g n s .  

A t  t h e  h i g h e s t  background luminance l e v e l s  t e s t e d ,  t h e  r e d  and 
2 

green data  compare w e l l .  A t  l e v e l s  o f  1 ft-I. (3.43 cdlm ) and below 

legend luminance c o n t r a s t  had t o  be i nc reased  by a f a c t o r  o f  1 . 7  on 

a r e d  background i n  o r d e r  t o  ach ieve l e g i b i l i t y  performance equ iva-  

l e n t  t o  green. I n  p r a c t i c a l  terms, t h i s  means t h a t  u s i n g  green data  

t o  p r e d i c t  t h e  l e g i  b i  1 i t y  o f  r e d  s igns  wou ld  r e s u l t  i n  overes t ima-  

t i o n s  by perhaps as much as 5%. 

The da ta  f o r  w h i t e  on b l a c k  a r e  o f  p a r t i c u l a r  i n t e r e s t  here  

because, as no ted  i n  Chapter 1, t h i s  combinat ion  has been used i n  

seve ra l  s t u d i e s .  F i g u r e  B-13 shows p e r c e n t  c o r r e c t  i d e n t i f i c a t i o n  

as a f u n c t i o n  o f  legend luminance f o r  two s i z e s  o f  L a n d o l t  r i n g ,  50 

and 70 f t / i n c h  ( 6  and 8 .4  m/cm) l e t t e r  h e i g h t .  Fo r  t h e  l a r g e r  

c h a r a c t e r  performance was b e s t  i n  a range f rom about  0 . 1  t o  50 f t - L  

( . 3 4  t o  171 .4  cdlm'). The s m a l l e r  c h a r a c t e r  i n d i c a t e s  an optimum 
2 luminance under these c o n d i t i o n s  o f  about  2 f t - L  (6.9 cdlm ) .  T h i s  

f i g u r e  i s  somewhat l ower  than i n d i c a t e d  by t h e  o t h e r  s t u d i e s  

desc r ibed  i n  Chapter 1 ( i  . e . ,  10-20 f t - L  L3.43 and 68.6 cdlm']).  

However, t h e  o t h e r  s t u d i e s  used procedures which a1 lowed t h e  s u b j e c t s  

t o  respond when they  had s u f f i c i e n t  conf idence t o  do so. A fo rced-  

cho ice  procedure ,  such as was used i n  t h i s  s tudy ,  wou ld  be expected 

t o  y i e l d  l ower  t h r e s h o l d s  because i t  measures v i s u a l  capabi  1 i t y  

a lone,  n o t  confounded w i t h  s u b j e c t i v e  con f idence  l e v e l s .  Wi th  t h a t  





p o i n t  i n  mind, t h e  au tho rs  f e e l  t h e  comparison i s  q u i t e  f a v o r a b l e .  

I t  shou ld  be no ted  t h a t  t h e  data  f o r  b l a c k  backgrounds a r e  

g e n e r a l l y  s i m i l a r  t o  those f o r  c o l o r e d  backgrounds a t  t h e  l o w e s t  

luminance l e v e l  t e s t e d .  For  example, n o t e  F i g u r e  B-11 where max i -  
2 

mum l e g i b i l i t y  d i s t a n c e  f o r  t h e  0.01 f t - L  (0.034 cd/m ) background 
2 

was ach ieved a t  about  1 f t - L  (3.43 cd/m ) .  T h i s  i s  c o n s i s t e n t  w i t h  

t h e  o t h e r  f i n d i n g s  r e f e r r e d  t o ,  wh ich  no ted  l o s s  o f  c o l o r  c o n t r a s t  

e f f e c t s  a t  t h e  1  owest background luminance l e v e l s .  

P o s i t i v e  c o n t r a s t  combinat ions t e s t e d  i n c l u d e d  w h i t e ,  ye1 low 

and orange backgrounds. The r e s u l t s  were s i m i l a r  and a r e  i l l u s -  

t r a t e d  i n  F i g u r e  B-14 f o r  b l a c k  on y e l l o w .  T h i s  f i g u r e  shows t h e  

p e r c e n t  c o r r e c t  responses t o  two s i z e s  o f  L a n d o l t  r i n g  as a  f u n c t i o n  

o f  background luminance.  As i n  t h e  case o f  t h e  n e g a t i v e  c o n t r a s t  

combinat ions ,  t h e  r e s u l t s  a r e  c h a r a c t e r i z e d  by a  r e g i o n  o f  improv ing  

performance as luminance inc reases ,  f o l l  owed by a  p l a t e a u  r e g i o n  o f  

r e l a t i v e l y  s t a b l e  performance.  W i t h i n  t h e  range t e s t e d  t h e r e  was 

no evidence o f  a  r e g i o n  o f  d e c l i n i n g  performance.  T h i s  may r e s u l t  

f rom i r r a d i a t i o n  e f f e c t s  " e n l a r g i n g "  t h e  gap i n  t h e  L a n d o l t  r i n g .  

Hence, i t  i s  p robab ly  s a f e s t  t o  assume maximum l e g i b i l i t y  i n  t h e  
2 

range from 1 t o  10 f t - L  (3.43 t o  34.3 cd/m ) , as i n  t h e  case o f  w h i t e  

on b l a c k .  Th is  i s  a p p r o p r i a t e  because i t  w i l l  be no ted  t h a t  p e r f o r -  

mance beg ins  t o  asymptote i n  t h i s  r e g i o n  f o r  b o t h  types o f  c o n f i g u r a -  

t i o n .  

The da ta  p r o v i d e  ev idence f o r  sys temat i c  d i f f e r e n c e s  i n  t h e  l u m i -  

nance r e q u i r e d  f o r  e q u i v a l e n t  performance.  T h i s  i s  i l l u s t r a t e d  i n  

F i g u r e  B-15. The w h i t e  background r e q u i r e d  t h e  l o w e s t  luminance i n  

o r d e r  t o  ach ieve a  g i v e n  performance 1  eve1 , f o l l  owed by orange and 

y e l l o w .  I n  no case a r e  t h e  d i f f e r e n c e s  v e r y  g r e a t .  The o n l y  o t h e r  

i n v e s t i g a t o r  t o  r e p o r t  on s i m i l a r  c o l o r  combinat ions i s  Forbes ( 1 9 7 6 ) .  

H is  data  a l s o  suggest  t h a t  w h i t e  i s  t h e  more e f f i c i e n t  background 

( i n  terms o f  l e g i  b i  1  i t y  d i s t a n c e  p e r  u n i t  luminance) ,  however he 

found ye1 low b e t t e r  t han  orange, t h e  o p p o s i t e  o f  what i s  r e p o r t e d  

here .  The au tho rs  can o f f e r  no e x p l a n a t i o n  f o r  t h i s  d i f f e r e n c e  a t  

t h i s  t i m e .  



Legibility Distance (f t /in) 

0.1 1.0 
BACKGROUND LUMINANCE (FT- LAMBERTS) 

FIG. 8-14. Visual Performance for a Black Legend on a Yellow Background; Young Subjects. 
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F i g u r e  B-15. Background 1 uminance r e q u i r e d  f o r  8 5 t h  
p e r c e n t i l e  per fo rmance by young, normal  
s u b j e c t s .  B l a c k  l egend  on a y e l l o w ,  
o range and w h i t e  background.  
( 1  f t - L  = 3 .43  cd/m2) 



S u b j e c t  C h a r a c t e r i s t i c s :  Low C o n t r a s t  A c u i t y .  A compar ison o f  

t h e  performance o f  normals and low c o n t r a s t  s u b j e c t s  i s  p r o v i d e d  by 

F i g u r e  8-16, T h i s  f i g u r e  has t h e  same f o r m a t  as F i g u r e  B-10. I t  

shows t h e  p e r c e n t  c o r r e c t  i d e n t i f i c a t i o n  o f  two s i z e s  o f  Land01 t 

r i n g  (30 and 50 f t / i n c h  [3 .6  and 6.0 m/cm] l e t t e r  he , i gh t )  a t  two 
2 background luminance l e v e l s  (0 .01 and 1.0 f t - L  [0 .03 and 3.43 cd/m 1 )  

f o r  normal and low c o n t r a s t  (LC) s u b j e c t s  as a  f u n c t i o n  of legend 

luminance c o n t r a s t .  Comparisons s h o u l d  be made between p a i r s  o f  

curves wh ich  d i f f e r  o n l y  i n  s u b j e c t  c h a r a c t e r i s t i c s .  There a r e  f o u r  

such p a i r s .  Two aspects  o f  t h e  d a t a  a r e  p a r t i c u l a r l y  s i g n i f i c a n t :  

F i r s t ,  peak performance f o r  b o t h  groups compares r a t h e r  w e l l .  

Tha t  i s ,  b o t h  groups reached o r  exceeded an 85% c o r r e c t  l e v e l  a t  

some p o i n t .  

Second, i n  a l l  cases t h e  luminance c o n t r a s t  r e q u i r e d  by  t h e  l ow  

c o n t r a s t  g roup,  i n  o r d e r  t o  match t h e  performance o f  t h e  normal group,  

i s  s u b s t a n t i a l l y  g r e a t e r .  I n  t h r e e  o f  t h e  f o u r  cases i l l u s t r a t e d ,  

about  t e n  t imes  more luminance c o n t r a s t  was r e q u i r e d  by t h e  l ow  con- 

t r a s t  group.  T h i s  l a t t e r  f i n d i n g  has s i g n i f i c a n t  i m p l i c a t i o n s  f o r  

s i g n  des ign,  and w i  11 be more f u l l y  d i scussed  l a t e r .  

S u b j e c t  C h a r a c t e r i s t i c s :  Age. It w i l l  be r e c a l l e d  t h a t  

younger and o l d e r  s u b j e c t s  were matched as c l o s e l y  as p o s s i b l e  on 

v i s i o n  v a r i a b l e s .  The o l d e r  group d i d  t e n d  t o  have p o o r e r  l ow  con- 

t r a s t  a c u i t y  scores  though. T h i s  i s  i m p o r t a n t  t o  remember w h i l e  

examin ing F i g u r e  8-17, wh ich  p r o v i d e s  a  b a s i c  comparison o f  t h e  p e r -  

formance o f  t h e  younger  and o l d e r  groups.  T h i s  f i g u r e  has t h e  same 

format as F i g u r e s  B-10 and B-16. I t  i l l u s t r a t e s  t h e  r e l a t i o n s h i p  

between legend  s i z e  (40  and 60 f t / i n c h  [4 .8  and 7.2 m/cm] l e t t e r  
2 

h e i g h t ) ,  background luminance ( 0 . 0 1  and 1 f t - L  [0.03 and 3.43 cd/m 1 )  
and luminance c o n t r a s t  f o r  t h e  two age groups.  Four p a i r s  of curves 

a r e  shown and comparisons shou ld  be made between curves wh ich  d i f f e r  

o n l y  i n  age i d e n t i f i c a t i o n  ( Y  vs .  0 ) .  

The p i c t u r e  h e r e  i s  s u b s t a n t i a l l y  d i f f e r e n t  t han  f o r  t h e  low 

c o n t r a s t  s u b j e c t s .  There i s  some ev idence o f  a  need f o r  g r e a t e r  



RATIO OF LEGEND TO BACKGROUND LUMINANCE 

F i g u r e  B-16. A compar ison between t h e  v i s u a l  performance o f  
normal s u b j e c t s  and s u b j e c t s  who have poor  low 
c o n t r a s t  (LC) a c u i t y ,  w h i t e  Land01 t C on green 
background. (1 f t - L  = 3.43 cdlmz) 



R A T I O  OF LEGEND TO BACKGROUND LUP?INAiiCE 

Figure 8-17. A comparison between t he  visual  a cu i t y  performance of 
younger and o lde r  s u b j e c t s ;  white legend on a green 
background. (1 f t - L  = 3 . 4 3  cd/m2)  



c o n t r a s t  on t h e  p a r t  o f  t h e  o l d e r  s u b j e c t s ,  e s p e c i a l l y  f o r  t h e  

l a r g e r  legend.  However, t h e  d i f f e r e n c e s  a r e  n o t  g e n e r a l l y  as l a r g e  

as i n  t h e  case o f  t h e  low c o n t r a s t  s u b j e c t s .  The main d i f f e r e n c e  i s  

i n  t h e  much poore r  performance o f  t h e  o l d e r  s u b j e c t s .  Whi le t h e  

younger s u b j e c t s  scored a t  l e a s t  85% c o r r e c t  on a l l  combinat ions  a t  

some p o i n t ,  t h e  o l d e r  s u b j e c t s  managed t o  do t h a t  w e l l  on o n l y  one 

combinat ion  (40 f t / i n c h  l e t t e r s ,  1 f t - L ) .  The r e s u l t s  a r e  a l l  t h e  

more remarkable when one cons ide rs  t h a t  t h e  o r i g i n a l  v i s u a l  screen-  

i n g  was c a r r i e d  o u t  u s i n g  L a n d o l t  r i n g  t a r g e t s ,  and t h e  p a r t i c i p a n t s  

i n  each group matched on t h e  b a s i s  o f  those scores .  

F igu res  8-18 and B-19 i l l u s t r a t e  t h e  performance o f  t h e  o l d e r  

s u b j e c t s  on t h e  b l u e  and r e d  background conf igura t ions . ,  Data f o r  

t h e  younger s u b j e c t s  a r e  n o t  shown. I t  w i l l  be seen t h a t  t h e  r e d  

and b l u e  data  a r e  ve ry  c l o s e  t o  those f o r  green, w i t h  t h e  e x c e p t i o n  

of t h e  h i g h e r  luminance c o n d i t i o n  w i t h  b l u e  ( F i g u r e  B-18). The 

o l d e r  s u b j e c t s  a c t u a l l y  d i d  somewhat worse under t h i s  c o n d i t i o n  than  

under t h e  low background luminance c o n d i t i o n ,  t h e  o n l y  t i m e  such a  

r e v e r s a l  occur red i n  t h e  e n t i r e  exper iment.  No e x p l a n a t i o n  can be 

o f fe red f o r  t h i s  anomaly a t  t h i s  t i m e .  

A1 though t h e  o l d e r  s u b j e c t s  d i d  s i g n i f i c a n t l y  worse than t h e  

younger s u b j e c t s  under t h e  n e g a t i v e  c o n t r a s t  c o n d i t i o n s  as no ted  i n  

F igu res  B-17, 18 and 19, t h e i r  r e l a t i v e  performance was even poore r  

under p o s i t i v e  c o n t r a s t  c o n d i t i o n s  . Percent  c o r r e c t  i d e n t i f i c a t i o n  

peaked a t  no b e t t e r  than about  60% f o r  t h e  40 f t / i n c h  ( 4 . 8  mlcm) 

l e t t e r  h e i g h t  c o n d i t i o n  and t h e  s u b j e c t s  c o u l d  e x t r a c t  no i n f o r m a t i o n  

a t  a l l  u s i n g  t h e  60 f t / i n c h  (7 .2  m/cm) c h a r a c t e r .  

Surround Luminance. The e f f e c t  o f  sur round 1  uminance was q u i t e  

s t r a i g h t f o r w a r d .  I n c r e a s i n g  sur round 1  umi nance through t h e  range 

t e s t e d  increased l e g i b i l i t y  d i s t a n c e  and reduced t h e  e f f e c t  o f  h i g h  

1  egend 1  uminance, especi  a1 l y  f o r  1  ow background 1  umi nance c o n d i t i o n s  . 
For  t h e  s p e c i f i c  l e v e l s  used i n  t h i s  s tudy t h e  i n c r e a s e  i n  l e g i b i l i t y  

d i s t a n c e  was i n  t h e  5 t o  10% range. 



F i g u r e  B-18 .  V i s u a l  a c u i t y  p e r f o r m a n c e  o f  o l d e r  s u b j e c t s ,  f o r  a  w h i t e  
Land01 t C on a  b l u e  backg round .  (1  f t - L  = 3 .43  cd/m2) 



I 10 100 1000 

RATIO OF LEGEND TO BACKGROUND LUMINANCE 

F i g u r e  B-19.  V i s u a l  a c u i t y  per formance of o l d e r  s u b j e c t s  f o r  a  w h i t e  
Land01 t C on a r e d  background.  (1  f t - L  = 3.43 cd/m2) 



DISCUSSION 

The r e s u l t s  o f  t h i s  s tudy  have p r o v i d e d  a  g r e a t  deal  o f  v a l u a b l e  

i n f o r m a t i o n  a p p l i c a b l e  t o  t h e  d e s i g n  o f  highway s i g n s .  Some o f  t h e  

more p e r t i n e n t  p o i n t s  a r e  as f o l l o w s :  

1. Con t ra ry  t o  t h e  r e s u l t s  r e p o r t e d  by some o t h e r  i n v e s t i g a -  

t o r s ,  low luminance s i g n  backgrounds do n o t  produce maximum l e g i -  

b i l  i t y  d i s t a n c e s .  T h i s  i s  an i m p o r t a n t  p o i n t .  I t  means t h a t  

l e g i b i l i t y  c o n s p i c u i  ty,  and r e t e n t i o n  o f  c o l o r  cod ing  a r e  c m p a t i  b l e  

and a r e  a i d e d  by t h e  use o f  h i g h l y  r e f l e c t i v e  m a t e r i a l s  o r  i l l u m i n a -  

t i o n .  

I t  appears t h a t  t h e  upper l i m i t  f o r  s i g n  background luminance 

w i l l  be determined by t h e  p o i n t  a t  wh ich  i t  becomes a  d i s a b i l i t y  

g l a r e  source t o  t h e  d r i v e r .  The e f f e c t  o f  a  g l a r e  source depends 

on f a c t o r s  such as i t s  i n t e n s i t y ,  a n g u l a r  r e l a t i o n s h i p s  t o  o t h e r  

o b j e c t s  be ing  viewed, da rk  a d a p t i v e  s t a t e  o f  t h e  obse rve r  and, perhaps,  

i t s  s i z e .  The maximum background luminance used i n  t h i s  t e s t  
2 ( n e g a t i v e  c o n t r a s t )  was 10 f t - L  (34.3  cd/m ) , and was des igned t o  

encompass t h e  range of m a t e r i a l s  p r e s e n t l y  a v a i l a b l e  o r  known t o  be 

under development. One would  r a r e l y ,  i f  eve r ,  encounter  a  green,  

b l u e  o r  r e d  s i g n  a t  t h i s  l e v e l  t oday .  A  s i g n  a t  one - ten th  t h a t  

l e v e l  would be cons ide red  " b r i g h t "  by most  obse rve rs .  As i t  happens, 

t h e  two i l l u m i n a t e d  s i g n s  used i n  t h e  f i e l d  s tudy  r e p o r t e d  i n  ano the r  

s e c t i o n  of t h i s  paper were i l l u m i n a t e d  t o  r a t h e r  h i g h  l e v e l s  ( 2  and 5 

f t - L ) .  They a r e  s i t u a t e d  a t  a  m a j o r  i n t e r c h a n g e  i n  an o t h e r w i s e  da rk  

r u r a l  a rea.  A1 though t h i s  i s  an e n t i r e l y  s u b j e c t i v e  impress ion ,  

t hese  s igns  do n o t  appear t o  pose a  g l a r e  problem. I t  may be t h a t  
2 10 f t - L  (34.3 cd/m ) i s  n o t  excess i ve  f o r  ma jo r  s i g n s  s e t  w e l l  above 

o r  o f f  t o  t h e  s i d e  o f  t h e  road.  I t  may be excess i ve  f o r  s i g n s  v e r y  

c l o s e  t o  t h e  road.  I t  seems c l e a r  t h a t  d i s a b i l i t y  g l a r e  i s  n o t  a  

prob lem w i t h  p r e s e n t  r e t r o r e f l e c t i v e  s i g n i n g  m a t e r i a l s ,  n o r  s h o u l d  i t  

be w i t h  m a t e r i a l s  wh ich  may be i n t r o d u c e d  i n  t h e  n e a r  f u t u r e .  Research 

t o  d e f i n e  an upper l i m i t  f o r  r e f l e c t i v i t y  may be b e n e f i c i a l  as a  g u i d e  

t o  l a t e r  development, however. 



2 .  Optimum l e g i b i l i t y  r e q u i r e s  t h a t  bo th  legend and background 

luminance be cons idered.  The r e s u l t s  suggest  t h a t  many types o f  

s igns  c o u l d  b e n e f i t  f rom more c o n t r a s t .  However, e s p e c i a l l y  i n  t h e  

case o f  s igns  hav ing low background luminance, i t  i s  easy t o  have 

t o o  much c o n t r a s t ,  w i t h  consequent l o s s  o f  l e g i b i l i t y  d i s tance .  

3. C o l o r  c o n t r a s t  i s  an i m p o r t a n t  f a c t o r  i n  s i g n  l e g i b i l i t y .  

I t  becomes o p e r a t i v e  a t  some p o i n t  between 0.01 and 0.1 f t - L  (0.03 
2 

and 0.34 cd/m ) and increases a t  h i g h e r  l e v e l s ,  perhaps l e v e l i n g  ou t  
2 

a t  about  10 f t - L  (34.3 cd/m ) .  

4. The luminance o f  t h e  s i g n  sur round i s  a  s i g n i f i c a n t  f a c t o r .  

It appears t h a t  s i g n  l e g i b i l i t y  improves w i t h  i n c r e a s i n g  sur round 

luminance.  I t  i s  i m p o r t a n t  t o  remember t h a t  these da ta  a r e  based 

on u n i f o r m  sur round luminance c o n d i t i o n s ,  which i s  n o t  t h e  way r e a l  

w o r l  d  surrounds appear. Given extreme non-uni f o r m i  t y  o f  surround,  

e s p e c i a l l y  ve ry  b r i g h t  sources c l o s e  t o  a  s i g n ,  t h e  s i t u a t i o n  would 

be expected t o  change s i g n i f i c a n t l y  f o r  t h e  worse. There a r e  no 

data  a t  p resen t  t o  p r o v i d e  guide1 i n e s  f o r  e v a l u a t i n g  d i s a b i  1  i t y  

g l a r e  e f f e c t s  on s i g n  l e g i b i l i t y .  It would be h e l p f u l  i f  such 

i n f o r m a t i o n  c o u l d  be developed. 

5 .  D i f f e r e n c e s  i n  l e g i b i l i t y  assoc ia ted  w i t h  c o l o r  a r e  r e l a -  

t i v e l y  minor .  A1 1 c o n f i g u r a t i o n s  hav ing  one b l a c k  e lement ( e i t h e r  

1  egend o r  background) y i e l d e d  s  i m i  1  a r  performance , except  f o r  t h e  

r e g i o n  o f  d e c l i n i n g  l e g i b i l i t y  a s s o c i a t e d  w i t h  h i g h  luminance f o r  a  

w h i t e  on b l a c k  c o n f i g u r a t i o n .  Negat ive  c o n t r a s t  c o n d i t i o n s  , where 

b o t h  elements have s i g n i f i c a n t  luminance, a l s o  y i e l d  s i m i l a r  p e r f o r -  

mance and compare w e l l  w i t h  w h i t e  on b l a c k  a t  t h e  l owes t  background 

1  uminance l e v e l s  t e s t e d .  Such performance d i f f e r e n c e s  as do e x i s t  

between c o l o r s  a r e  o f  l i t t l e  consequence i n  t h e  c o n t e x t  o f  s i g n  

1 umi nance g u i  d e l  i nes . 

6 .  Performance d i f f e r e n c e s  assoc ia ted  w i t h  s u b j e c t  c l a s s i f i c a -  

t i o n s  a r e  ve ry  s i g n i f i c a n t .  The wel l -known 50 f t / i n c h  ( 6  m/cm) 

1  e t t e r  h e i g h t  r u l e  o f  thumb was developed u s i n g  younger observers ,  

t h e  v i s u a l  c h a r a c t e r i s t i c s  o f  whom were unknown b u t  were p robab ly  



m o s t l y  near  normal (20120 [ 6 / 6 ]  ) .  These s tandards  have o f t e n  been 

c r i t i c i z e d ,  u s u a l l y  on a  b a s i s  t h a t  persons w i t h  f a r  a c u i t y  as poor  

as 20140 (6112) can q u a l i f y  f o r  l i c e n s e s  i n  most s t a t e s .  

The data  f rom t h i s  t e s t  suggest  t h a t  t h e  o r d i n a r y  S n e l l e n  t e s t  

f o r  f a r  a c u i t y  i s  a  poor  p r e d i c t o r  o f  t h e  a b i l i t y  t o  read  highway 

s i g n s .  C l e a r l y ,  more work i s  r e q u i r e d  t o  adequate ly  d e f i n e  t h e  

v i s u a l  c o r r e l a t e s  o f  d r i v i n g  a b i l i t y ,  even f o r  so b a s i c  a  t a s k  as 

r e a d i n g  highway s i g n s .  



EXHIBIT B-1 

SUBJECT INFORMATION FORM 



EXHIBIT B-1 

We w i l l  be c o n d u c t i n g  a  s t u d y  o f  t h e  v i s i b i l i t y  o f  r o a d  s i g n s .  

I t  i s  a  l a b o r a t o r y  t e s t  i n  wh ich  t h e  s u b j e c t  has b r i e f  g l impses o f  

s i m u l a t e d  highway s i g n s  and t r i e s  t o  r e a d  t h e  legend.  

Today we wou ld  1  i ke you t o  f i  11 i n  t h e  fo rm below and t a k e  a 

s i m p l e  v i s i o n  t e s t .  Depending on t h e  r e s u l t s  o f  t h a t  t e s t ,  we may 

ask you t o  p a r t i c i p a t e  i n  t h e  s t u d y .  

We need a  few peop le  who a r e  w i l l i n g  and a b l e  t o  p a r t i c i p a t e  f o r  

abou t  seven days. These days wou ld  be schedu led a t  t h e  convenience 

o f  t h e  p a r t i c i p a n t s  and spread o v e r  a  month o r  so.  The r e s t  o f  t h e  

s u b j e c t s  w i l l  appear f o r  one day o n l y .  We a l s o  need a  few peop le  

who can p a r t i c i p a t e  i n  ano the r  phase o f  t h e  t e s t ,  a t  n i g h t ,  f r o m  

about  7 pm t o  m i d n i g h t  (one n i g h t  o n l y ) .  I n d i c a t e  below which t e s t  

you  wou ld  p r e f e r .  (You may check one, two, o r  t h r e e  o p t i o n s  . )  

Please n o t e  t h a t  i f  you  agree t o  t h e  seven day t e s t ,  you must  com- 

p l e t e  t h e  e n t i r e  sequence b e f o r e  you w i l l  be p a i d .  

I f  you have any q u e s t i o n s  about  t h e  t e s t  b e f o r e  you check a  

p r e f e r e n c e  box, we w i l l  be happy t o  answer them. 

7 day t e s t  1  day t e s t  n i g h t  t e s t  

NAME : 

SEX : M F AGE : 

Years o f  d r i v i n g  exper ience :  

DO you wear g lasses  ( o r  c o n t a c t s ) ?  12 Yes 17 No 

I f  yes ,  can you d r i v e  w i t h o u t  them? 

Telephone number : 
13 I1 

Bes t  t i m e  t o  c a l l :  
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EXHIBIT B-2 

SUBJECT INSTRUCTIONS - SIGN LABORATORY STUDY 

T h i s  i s  a  s t u d y  o f  t h e  l e g i b i l i t y  o f  highway s i g n s .  We a r e  

t r y i n g  t o  f i n d  o u t  how b r i g h t  t h e  background and legend o f  a  s i g n  

have t o  be t o  be l e g i b l e  a t  t h e  g r e a t e s t  p o s s i b l e  d i s t a n c e .  

The b r i g h t n e s s  o f  t h e  s i g n  you w i l l  see depends v e r y  much on 

y o u r  v i e w i n g  p o s i t i o n .  To c o n t r o l  f o r  t h i s  i t  i s  necessary t h a t  

you p l a c e  y o u r  head i n  t h e  yoke d e v i c e  i n  f r o n t  o f  you.  T r y  i t  

now; a d j u s t  t h e  c h i n  r e s t  up o r  down u n t i l  i t  c o m f o r t a b l y  suppor t s  

y o u r  head so t h a t  t h e  l ower  s h i e l d  b l o c k s  t h e  p r o j e c t o r  t o  y o u r  

l e f t  f r o n t .  Your v iew o f  t h e  TV and " b l a c k  box" a t  t h e  f a r  end o f  

t h e  room shou ld  be about  c e n t e r e d  between t h e  upper  and l o w e r  

s h i e l d s .  

Now, remove y o u r  head f rom t h e  yoke f o r  a  moment. There a r e  

two t h i n g s  wh ich  you must do i n  t h i s  s t u d y .  The f i r s t  o f  t hese  i s  

a  t r a c k i n g  t a s k  something l i k e  d r i v i n g .  The i d e a  i s  t o  keep t h e  

da rk  b a r  on t h e  TV s e t  c e n t e r e d  about  ha l fway  ac ross  t h e  screen.  

You move t h e  b a r  back and f o r t h  by moving t h i s  t o g g l e  r i g h t  o r  l e f t .  

Do t h i s  a l l  t h e  t i m e  t h e  exper iment  i s  i n  p rog ress .  

P e r i o d i c a l l y  we w i l l  g i v e  you a  b r i e f  g l impse  o f  a  s i m u l a t e d  

s i g n .  T h i s  w i l l  appear i n  t h e  b l a c k  box t o  t h e  r i g h t  o f  t h e  TV. 

You w i l l  be warned t h a t  t h e  s i g n  i s  about  t o  appear by a  "beep" t o n e  

two seconds p r i o r  t o  i t s  appearance. The s i g n  legend c o n s i s t s  o f  a  

s i n g l e  c h a r a c t e r ,  c a l l e d  a  L a n d o l t  r i n g ,  wh ich  l o o k s  something l i k e  

a  l e t t e r  " C . "  The gap i n  t h e  r i n g  can be o r i e n t e d  i n  any o f  f o u r  

p o s i t i o n s ,  t o p ,  bot tom, r i g h t  o r  l e f t .  When t h e  s i g n  i s  d i s p l a y e d  

you shou ld  t r y  t o  de te rm ine  t h e  gap p o s i t i o n .  Then press  one o f  

t h e  r e d  b u t t o n s  on t h i s  box t o  i n d i c a t e  t h e  quadran t  i n  wh ich  t h e  

gap appeared, t o p ,  bo t tom,  r i g h t  o r  l e f t .  I n  some cases t h e  r i n g  

may be so f a i n t  you c a n ' t  see i t  a t  a l l .  I f  so,  p ress  t h e  y e l l o w  



b u t t o n  i n  t h e  m i d d l e .  However, if you can see t h e  r i n g  press  one o f  

t h e  r e d  b u t t o n s ,  even i f  you have t o  guess. -- T h i s  i s  v e r y  i m p o r t a n t .  . . - - - -- 

Use t h e  ye1 low b u t t o n  o n l y  i f  you c a n ' t  see t h e  r i n g ,  d o n ' t  use i t  t o  

i n d i c a t e  t h a t  you a r e  unsure o f  t h e  gap p o s i t i o n .  

There i s  ano the r  use f o r  t h e  ye1 low b u t t o n ,  by t h e  way. Should 

you i n a d v e r t e n t l y  press  t h e  wrong r e d  b u t t o n  you can press  t h e  

ye1 low b u t t o n ,  wh ich  cance ls  t h e  f i r s t  response on my panel  around 

t h e  c o r n e r ,  and then  press  t h e  c o r r e c t  r e d  b u t t o n .  

T h a t ' s  about  i t .  You w i l l  be see ing  a v a r i e t y  o f  background 

c o l o r s  and b r i g h t n e s s e s  on t h e  s i g n  and we w i l l  change t h e  

i l l u m i n a t i o n  on t h e  w a l l  beh ind  t h e  b l a c k  box as w e l l .  We w i l l  t e l l  

you b e f o r e  we make any o f  those changes, however. 

We r e a l i z e  t h a t  i t  i s  d i f f i c u l t  t o  m a i n t a i n  a  h i g h  l e v e l  o f  

i n t e r e s t  i n  a  s tudy  l i k e  t h i s .  You w i l l  be g i v e n  f requen t  s h o r t  

breaks and l o n g e r  breaks eve ry  hour  o r  so. Dur ing  these  you may 

remove y o u r  head f rom t h e  yoke and g e t  up and move around i f  you 

l i k e .  Even so,  if you become t i r e d ,  as a  s e r i e s  o f  t r i a l s  i s  i n  

p rog ress ,  l e t  me know and we w i  11 t a k e  a  break.  If you t r y  t o  con- 

t i n u e  when v e r y  t i r e d  y o u r  performance w i l l  d e t e r i o r a t e  and t h i s  

messes up t h e  da ta .  A l so ,  i f  you miss  a  t r i a l  f o r  any reason l e t  

me know and we w i  11 r e p e a t  i t .  

Any q u e s t i o n s ?  
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F I  ELD VAL1 DATION STUDY 

PURPOSE 

T h i s  s tudy  was conducted f o r  two reasons:  F i r s t ,  t o  v e r i f y  t h a t  

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

a n a l y t i c a l  work approximated l e g i  b i  1  i t y  d i s t a n c e s  o b t a i n e d  under r e a l  - 
w o r l d  c o n d i t i o n s .  

Second, t o  determine what, i f  any, changes would  be r e q u i r e d  

t o  t h e  l a b o r a t o r y  data  t o  c o r r e c t  f o r  d i f f e r e n c e s  between l a b o r a t o r y  

and f i e l d  procedures .  

METHOD 

I n  o r d e r  t o  p r o p e r l y  v a l i d a t e  t h e  model developed i n  t h i s  s tudy  

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

t h e  l a b o r a t o r y .  An a p p r o p r i a t e  s t r a t e g y  i s  t o  t e s t  a  s u b s t a n t i a l  

number o f  combinat ions  o f  v a r i a b l e s  s c a t t e r e d  th roughou t  t h e  m a t r i x  

o f  p o s s i b i l i t i e s .  I f  t h e  model can s u c c e s s f u l l y  p r e d i c t  t h e  p e r f o r -  

mance a s s o c i a t e d  w i t h  these,  t h e r e  i s  no reason t o  b e l i e v e  i t  would  

n o t  do e q u a l l y  we1 1  w i t h  t h e  o t h e r s .  

Based on t h e  l a b o r a t o r y  da ta ,  t h e  two v a r i a b l e s  o f  g r e a t e s t  

s i g n i f i c a n c e  a r e  background luminance and 1  egend luminance.  Thus, 

t hese  were t h e  v a r i a b l e s  s t r e s s e d  i n  t h e  f i e l d  s t u d y .  

Two f i e l d  s t u d i e s  were conducted.  The f i r s t  o f  t hese  was 

c a r r i e d  o u t  u s i n g  a  p r i v a t e  road  a t  an a i r p o r t  near  Ann Arbo r .  T h i s  

s h a l l  be r e f e r r e d  t o  as t h e  " a i r p o r t  s t u d y . "  Small  s p e c i a l  s i g n s  

were f a b r i c a t e d  f o r  t h e  s tudy  and an a c u i t y  c r i t e r i o n  was used, as i n  

t h e  l a b o r a t o r y  i n v e s t i g a t i o n .  The second s tudy  was c a r r i e d  o u t  u s i n g  

e x i s t i n g  s igns  a long  a  s e c t i o n  o f  f reeway.  The c r i t e r i o n  he re  was 

t h e  d i s t a n c e  a t  wh ich  t h e  s u b j e c t s  c o u l d  r e a d  t h e  legends w e l l  enough 

t o  unders tand what they  s a i d .  T h i s  s h a l l  be r e f e r r e d  t o  as t h e  

"freeway s tudy .  " 



A i r p o r t  Study 

V a r i a b l e s .  The o b j e c t  o f  t h i s  s t u d y  was t o  p r e s e n t  as w ide a  

range o f  background 1  uminances and c o n t r a s t s  as p o s s i b l e ,  u s i n g  

c u r r e n t l y  a v a i  l a b 1  e  m a t e r i a l s .  F o r  s i g n  backgrounds t h e r e  a r e  

b a s i c a l l y  t h r e e  c h o i c e s .  These a r e  l i s t e d  below, t o g e t h e r  w i t h  t h e  

approx imate  p h o t o m e t r i c  spec i  f i c a t i o n s  ( c d / f t - c / f t 2  f o r  green mate- 

r i a l s ,  0.2 and -4 degrees) .  

1. N o n - r e f l e c t i v e  (0 .1 )  

2 .  Modera te l y  r e f l e c t i v e  s h e e t i n g  (10 .0)  

3 .  H i g h l y  r e f l e c t i v e  s h e e t i n g  (30 .0 )  

Fo r  legend m a t e r i a l s  f o u r  l e v e l s  were chosen. These a r e  l i s t e d  

below w i t h  approx imate  p h o t o m e t r i c  s p e c i f i c a t i o n s  ( w h i t e )  ; 

1. Bu t tons  (600) 

2. H i g h l y  r e f l e c t i v e  s h e e t i n g  (250) 

3.  Modera te l y  r e f l e c t i v e  s h e e t i n g  (70 )  

4. Modera te l y  r e f l e c t i v e  s h e e t i n g  - r e f l e c t i v i t y  2  (50 )  

(Note  t h a t  t h e  s p e c i f i c  luminance v a l u e  f o r  b u t t o n s  i s  a  " s h e e t i n g  

e q u i v a l e n t , "  d e r i v e d  f rom t h e  b u t t o n - s h e e t i n g  s tudy  d e s c r i b e d  i n  

Appendix E . )  

These d a t a  can be ar ranged i n  m a t r i x  fo rm,  as has been done below. 

The numbers i n  t h e  c e l l s  a r e  approx imate  luminance c o n t r a s t  r a t i o s .  

The l e t t e r s  a  th rough  1 a r e  used t o  l a b e l  t h e  c e l l s .  

i 

BACKGROUND SPECIFIC LUMINANCE 

I- 0 .1 
I 

I I 10 .0  I 30.0 ; 



For  t h i s  s tudy ,  b u t t o n s  and t h e  l e a s t  r e f l e c t i v e  s h e e t i n g  legend 

m a t e r i a l s  were v iewed a g a i n s t  a l l  t h r e e  backgrounds. A l l  f o u r  l egend  

m a t e r i a l s  were viewed a g a i n s t  t h e  h i g h l y  r e f l e c t i v e  background, 

( c e l l s  a ,  b ,  c ,  f ,  i, j, k ,  and 1 ) .  Three legend s i z e s  were u t i -  

l i z e d  (6 ,  10 and 15 inches  [15.2,  25.4 and 38.1  cm]) and b o t h  h i g h  

and low beams. T h i s  r e s u l t e d  i n  a  t o t a l  o f  48 exper imen ta l  c o n d i -  

t i o n s  ( 8  c o n t r a s t  c o n d i t i o n s  x 3  legend s i z e s  x 2  beams). 

T e s t  S igns.  A l l  t h e  s i g n  backgrounds were t h r e e  f e e t  square  

(0 .91 m2). The two r e f l e c t o r i z e d  u n i t s  were made by a t t a c h i n g  

s h e e t i n g  m a t e r i a l  t o  plywood pane ls .  The n o n - r e f l e c t o r i z e d  u n i t  had 

a  p o r c e l a i n  enamel f i n i s h  and was s u p p l i e d  by a  manu fac tu re r  o f  such 

s i g n s .  A grooved p l a s t i c  l edge  was a t t a c h e d  t o  each background t o  

s u p p o r t  t h e  l e t t e r  t a r g e t .  

The l e t t e r s  were a l l  c a p i t a l  "E , "  s u p p l i e d  by v a r i o u s  manu- 

f a c t u r e r s .  A l l  had a  s t r o k e  w i d t h  t o  h e i g h t  r a t i o  o f  0.2 and an 

o v e r a l l  h e i g h t  t o  w i d t h  r a t i o  o f  0.75. These were s i m p l y  p l a c e d  i n  

t h e  p l a s t i c  l edge  ment ioned e a r l i e r  and r e s t e d  a g a i n s t  t h e  f a c e  o f  

t h e  s i g n  as shown by t h e  photograph i n  F i g u r e  C-1. 

The e n t i r e  s i g n  was suppor ted  on a  f l a t  b l a c k  p a n e l ,  as shown 

i n  F i g u r e  C-2. Wi th  t h i s  arrangement t h e  l e t t e r  was abou t  4.5 f e e t  

(1.37 m )  above t h e  pavement. The s i g n  was t i l t e d  backwards a t  an 

a n g l e  o f  abou t  20'. T h i s  e l i m i n a t e d  s p e c u l a r  g l a r e  b u t  a l s o  reduced 

t h e  performance o f  t h e  r e t r o r e f l e c t i v e  m a t e r i a l s  somewhat. T h i s  

ang le  was accounted f o r  i n  t h e  mode l i ng  e f f o r t .  

F a c i l i t y .  The t e s t  was conducted on an unused p r i v a t e  access 

road  t o  t h e  M i l  low Run A i r p o r t ,  near  Ann Arbo r .  The r o a d  i s  a s p h a l t ,  

has two n i n e - f o o t  l a n e s ,  i s  2600 f e e t  (792 m) l o n g  and i s  f l a t  and 

s t r a i g h t .  There a r e  no sources o f  i l l u m i n a t i o n  on o r  nea r  t h e  

f a c i l i t y .  It i s  a  good approx ima t ion  o f  a  da rk  c o u n t r y  road.  

A schemat ic  o f  t h e  f a c i l i t y  i s  p r o v i d e d  i n  F i g u r e  C-3. I t  w i l l  

be n o t e d  t h a t  a t  one end t h e r e  i s  a sma l l  p a r k i n g  l o t .  The o t h e r  

end i n t e r s e c t s  w i t h  a  l i t t l e  used secondary road .  Eas t  o f  t h e  



Figure C - 1  . Means of p l  acing 1 egend on t e s t  signs. 



Figure C-2. Test sign placed on support panel. 





i n t e r s e c t i o n  t h e  t e s t  road  i s  a  p u b l i c  highway. A l though  seldom 

used, an occas iona l  c a r  would appear beyond t h e  s i g n s  w h i l e  making 

eastbound runs .  When t h i s  happened t h e  r u n  wou ld  be de layed u n t i l  

t h e  head1 amps had disappeared.  

As shown i n  F i g u r e  C-3 ,  two s igns  were s e t  up, f a c i n g  i n  oppo- 

s i t e  d i r e c t i o n s ,  1600 f e e t  (488 m) i n  from t h e  ends o f  t h e  road.  

The s i g n  s u p p o r t  was s e t  on t h e  paved sur face,  a t  t h e  r i g h t  edge. 

As a  r e s u l t  t h e  l e t t e r  t a r g e t  was n e a r l y  i n  f r o n t  o f  t h e  r i g h t  head- 

lamp and about  2.5 f e e t  (0 .76 m) above i t .  Each r u n  s t a r t e d  w i t h  

t h e  s u b j e c t  v e h i c l e  a t  one o f  t h e  i n d i c a t e d  s t a r t  p o s i t i o n s .  The 

d r i v e r  proceeded i n  t h e  r i g h t  l a n e  u n t i l  i t  was necessary t o  move 

o v e r  t o  go around t h e  s i g n .  He o r  she then  con t inued  t o  t h e  end o f  

t h e  road,  t u r n e d  around and s t a r t e d  t h e  n e x t  run .  

T e s t  V e h i c l e .  The t e s t  v e h i c l e  was a  s tandard  f u l l - s i z e  s t a t i o n  

wagon which  has been m o d i f i e d  f o r  head l i g h t i n g  work. The v e h i c l e  

has a  d i s t a n c e  measur ing system w i t h  a  d i g i t a l  readou t  i n  f e e t  

a c c u r a t e  t o  0.1%. T h i s  readou t  can be v ideotaped.  

Three s u b j e c t s  were r u n  a t  one t ime ,  a l l  seated i n  t h e  f r o n t  o f  

t h e  c a r .  Each h e l d  a  s i l e n t  push b u t t o n  s w i t c h .  When pressed,  each 

s w i t c h  t u r n e d  on a  sma l l  1  i g h t  b u l b  i n  t h e  r e a r  compartment o f  t h e  

v e h i c l e .  The exper imen te r ,  who s a t  i n  t h e  second s e a t ,  a l s o  had a  

s w i t c h  wh ich  t u r n e d  on a  f o u r t h  b u l b .  T h i s  a r r a y  of b u l b s  was 

viewed by a  v i d e o  camera and a l s o  tape  recorded.  For  each r u n  then,  

a  1  i g h t  came on a t  some a r b i t r a r y  d i s t a n c e  t o  i n d i c a t e  when each sub- 

j e c t  had i d e n t i f i e d  t h e  o r i e n t a t i o n  o f  t h e  l e t t e r  and t h e  l a s t  b u l b  

came on t o  mark t h e  p o s i t i o n  o f  t h e  s i g n .  By s u b t r a c t i n g  t h e  f i r s t  

t h r e e  measures f rom t h e  l a s t ,  l e g i b i l i t y  d i s t a n c e  c o u l d  be determined.  

The c a r  i s  equipped w i t h  a  s tandard  f o u r  u n i t  headlamp system. 

These lamps were c a r e f u l  l y  aimed w i t h  c a l  i b r a t e d  mechanical  a imers 

be fo re  t h e  t e s t  s t a r t e d  and a t  i n t e r v a l s  d u r i n g  t h e  t e s t .  

Sub jec ts .  E igh teen  s u b j e c t s  p a r t i c i p a t e d  i n  t h e  s t u d y .  A1 1  were 

v o l u n t e e r s  who responded t o  a  newspaper adve r t i semen t  . They were p a i d  



f o r  t h e  t i m e  spen t  on t h e  t e s t .  

The newspaper adver t isement  s t r e s s e d  "1  icensed d r i v e r s  w i t h  

good v i s i o n . "  However, each s u b j e c t  was checked f o r  c e r t a i n  v i s u a l  

c h a r a c t e r i s t i c s  u s i n g  a  Ti tmus T e s t e r  b e f o r e  t h e  t e s t  s t a r t e d .  The 

t e s t s  were t h e  same as used t o  screen t h e  s u b j e c t s  f o r  t h e  l a b o r a -  

t o r y  s tudy  desc r ibed  e a r l i e r .  The t e s t  r e s u l t s ,  t o g e t h e r  w i t h  t h e  

age and sex o f  t h e  p a r t i c i p a n t s ,  a r e  p r o v i d e d  i n  Tab le  C-1. The 

s u b j e c t s  were genera l  l y  young w i t h  exce l  l e n t  v i s i o n .  As would be 

expected,  low c o n t r a s t  a c u i t y  scores were q u i t e  v a r i a b l e ,  w i t h  

s e v e r a l  i n d i v i d u a l s  s c o r i n g  as h i g h  as 20135.  

Procedure. The s u b j e c t s  r e p o r t e d  t o  t h e  I n s t i t u t e  i n  groups 

o f  t h r e e .  They were g i v e n  t h e  v i s i o n  t e s t  and d r i v e n  t o  t h e  a i r p o r t  

t e s t  road.  One s u b j e c t  was s e l e c t e d  t o  be t h e  d r i v e r  f o r  t h e  n i g h t  

and a l l  were seated i n  t h e  c a r .  The i n s t r u c t i o n s  ( E x h i b i t  A-1) 

were read  t o  them, a l l  ques t i ons  were answered and two p r a c t i c e  

runs g i v e n .  T r i a l s  began immedia te ly .  The 48 t r i a l s  took  about  1% 

hours t o  complete.  A s h o r t  b reak was a1 lowed a f t e r  t h e  f i r s t  hour .  

Any r e q u i r e d  make-up t r i a l s  were taken a t  t h e  end of t h e  r e g u l a r  

sequence. 

The p o s i t i o n  o f  t h e  backgrounds and t h e  o r d e r  i n  wh ich  t h e  

o t h e r  v a r i a b l e s  were presented were v a r i e d  s y s t e m a t i c a l l y  t o  compen- 

s a t e  f o r  o r d e r  e f f e c t s .  The o r i e n t a t i o n  o f  t h e  l e t t e r  "E"  was 

changed based on a  t a b l e  of random numbers. 

When t r i a l s  had been completed a t  t h e  a i r p o r t  t e s t  s i t e ,  t h e  

s u b j e c t s  were d r i v e n  back t o  t h e  I n s t i t u t e  t o  s e t  up f o r  t h e  f reeway 

s tudy .  

Freeway Study 

The Freeway Study was r u n  f o r  two p r imary  reasons:  

F i r s t ,  t o  p r o v i d e  some a d d i t i o n a l  da ta  on r e a l  s igns  i n  a  r e a l  

d r i v i n g  environment.  

Second, t o  g a i n  an i n d i c a t i o n  o f  t h e  c o r r e c t i o n s  which must be 

a p p l i e d  i n  e x t r a p o l a t i n g  f rom t h e  v i s u a l  a c u i t y  tasks  used i n  o t h e r  



TABLE C-1. LISTING OF SUBJECTS FOR SIGN FIELD STUDY 

* On the Titmus tester used there are 9 graded stimuli for this test. The score 
shown represents the number correct. 

Normal Lo Contrast Stereo Vertical Lateral 
Phoria 

Normal 

Normal 

Some 

Normal 

Normal 

Normal 

Normal 

Some 

Normal 

Normal 

Normal 

Normal 

Normal 

Normal 

Norma1 

Normal 

Normal 

, Normal 

Subject Number Age Sex Acuity Acuity Depth* Color Phoria 

4 

4 

9 

9 

4 

2 

5 

9 

Normal 

Normal 

Normal 

Normal 

Normal 

Normal 

Normal 

Normal 

Normal 

Normal 

Normal 

Normal 

Normal 

Normal 

Normal 

Normal 

Normal 

Normal 

Normal 

Normal 

Normal 

Some 

Normal 

Normal 

Normal 

Normal 

w 
QI 
0 

F 

F 

M 

M 

F 

F 

F 

9 

10 

1 

2 

3 

4 

5 

6 

7 

8 

Normal 1 Normal 
I 

Normal 1 Norma1 

20/15 

20/15 

20/15 

20/13 

20/13 

20/13 

20/17 

22 

21 

30 

35 

18 

21 

29 

23 

24 

22 

Normal 

Normal 

20/20 

20/22 

20/35 

20/17 

20/15 

20/17 

20/20 

M 

F 

Normal 

Some 

20/20 

11 

12 

13 

14 

15 

16 

17 

18 

20/13 

20/22 

M 

20/22 

Norma1 Normal I I 

20/17 

4 

20/22 

20/17 

20/35 

20/30 

20/35 

20/20 

20/35 

20/35 

5 

4 

3 

6 

2 

4 

7 

3 

20/13 

20/15 

20/18 

20/18 

20/20 

20/13 

20/20 

20/22 

20/22 

22 

6 

F 

21 

26 

M 

M 

18 1 M 

23 i F 
23 M 

18 ; F 
19 M 



phdses o f  t h i s  research  t o  a c t u a l  niessage comprehension. 

V a r i a b l e s :  - - - - -- - Because t h e  s tudy  was c o n f i n e d  t o  e x i s t i n g  s i g n s  

a long a  r e l a t i v e l y  s h o r t  (15 m i l e )  s e c t i o n  o f  f reeway,  t h e  range o f  

luminances and c o n t r a s t s  was s u b s t a n t i a l l y  more l i m i t e d  than  was 

p o s s i b l e  i n  t h e  a i r p o r t  s t u d y .  

Every gu ide  s i g n  a long  t h e  r o a d  s e c t i o n  s e l e c t e d  was a  c a n d i -  

d a t e  f o r  i n c l u s i o n  i n  t h e  s tudy .  Those which  were s e l e c t e d  had a  

f l a t ,  s t r a i g h t  approach s e c t i o n  o f  a t  l e a s t  1,000 f e e t  and were 

a c c e s s i b l e  f o r  photomet ry .  (Some s i g n s  were so l o c a t e d  t h a t  i t  was 

n o t  p o s s i b l e  t o  s a f e l y  c a r r y  o u t  t h e  pho tomet r i c  measures wh ich  w i l l  

s h o r t l y  be d e s c r i b e d . )  A t o t a l  o f  23 s i g n s  were s e l e c t e d .  Photo-  

graphs o f  t hese ,  t o g e t h e r  w i t h  p h o t o m e t r i c  and d imens iona l  s p e c i f i -  

c a t i o n s  appear i n  F i g u r e  C-4. 

Photometry.  The photomet ry  was c a r r i e d  o u t  u s i n g  a l i g h t  source 

o f  known i n t e n s i t y  and a  P r i t c h a r d  Photometer.  By c lamping t h e  lamp 

t o  t h e  r o o f  o f  a  s t a t i o n  wagon and s t a n d i n g  t h e  pho tomete r ' s  t r i p o d  

on t h e  lowered t a i l g a t e  i t  was p o s s i b l e  t o  b r i n g  t h e  l i g h t  source 

and photometer  i n t o  c l o s e  p r o x i m i t y  as r e q u i r e d  f o r  measures on r e t r o -  

r e f l e c t i v e  m a t e r i a l s .  (See F igu res  C - 5  and C - 6  f o r  photographs o f  t h e  

arrangement.  ) 

The l i g h t  source was f i r s t  c a l i b r a t e d  u s i n g  a  shee t  o f  w h i t e  

cardboard  o f  known r e f 1  ec tance p l a c e d  a t  a  d i s t a n c e  of 150 f e e t .  

From these  measures i t  was p o s s i b l e  t o  c a l c u l a t e  t h e  i l l u m i n a t i o n  

fa1 1  i n g  on t h e  s i g n s  t o  be photometered.  The s t a t i o n  wagon was then  

d r i v e n  t o  each s i g n  and t h e  photometer p o s i t i o n e d  150 f e e t  away, 

u s i n g  a  r e f e r e n c e  mark which had been a p p l i e d  a  few days e a r l i e r ,  

when t h e  photographs were made. 

Because o n l y  approx imate  va lues were r e q u i r e d ,  r e l a t i v e l y  few 

measures were made on each s i g n .  These were g e n e r a l l y  c o n c e n t r a t e d  

i n  t h e  r e g i o n  o f  t h e  f i r s t  l e t t e r  of  t h e  p l a c e  o r  road  name on t h e  

s i g n  (e .g . ,  t h e  " G "  i n  Geddes on t h e  f i r s t  s i g n ) ,  un less  p r e l i m i n a r y  

scann ing showed t h i  s  area t o  be n o n - r e p r e s e n t a t i  ve,  



F i g u r e  C-4 

SIGNS USED I N  FREEWAY FIELD VAL1 DATION STUDY 

(Note:  For  each s i g n  i s  shown t h e  word [s ]  which t h e  s u b j e c t s  were 

t o  have read,  r e s u l t s  o f  pho tomet r i c  read ings,  1 uminance c o n t r a s t  

r a t i o ,  t h e  l e t t e r  s i z e s  i n  t h e  key word [ i n  i nches ]  h e i g h t  o f  t h e  

key word above t h e  road  s u r f a c e  [ V ,  i n  f e e t ] ,  and, where a p p r o p r i -  

a te ,  t h e  d i s t a n c e  o f  t h e  f i r s t  l e t t e r  i n  t h e  key word f rom t h e  

r i g h t  edge o f  t h e  pavement [ H ,  i n  f e e t ]  . )  

S ign  1. "Geddes ," Background - 12 .6  c p / f t - c / f t Z ,  Legend - 47.9 
c p / f t - c / f t 2 ,  3:5:1,  16" - 12" ,  V =20. 



F i g u r e  C-4 - Cont inued  

2  S ign  2 .  "Geddes ,"  Background - 14 .7  c p / f t - c / f t  , 
Legend - 185 .4  c p l f t - c l f t z ,  12.6:1,  16"  - 1 2 " ,  V := 19 .  

S ign  3. ' C h i c a g o , "  I l l u m i n a t e d  s i g n ,  Background - 4 . 9  f t - L ,  
Legend - 33 f t - L ,  6 . 7 : 1 ,  1 6 "  - 1 2 " ,  V = 2 1 . 5 .  
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Fiaure  C-4 - Continued 

Sign 4 .  " S a l i n e , "  ackground - 18 .9  c p / f t - c / f t 2 ,  Legend - 74.2 
c p / f t - c / f t g ,  3 . 9 : 1 ,  16" - 1 2 , "  V = 1 2 . 5 ,  H = 20. 

Sign 5 .  " S a l i n e , "  Background - 1 0 . 5  c p / f t - c / f t 2 ,  Legend - 6 4 . 9  
c p / f t - c / f t 2 ,  6 . 2 : 1 ,  16"  - 1 2 , "  V = 1 3 ,  H = 1 9 .  
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F i g u r e  C-4 - Cont inued 

S i g n  6 .  "M ich igan  Ave. ," Background - 9 .0  c p / f t - c / f t 2 ,  Legend - 
41.7 c p / f t - c / f t 2 ,  4.6:1, 1 3 . 3 '  - 10," V = 19.5,  H = 6 .  

Sign  7 .  " Y p s i l a n t i  ' Background - 20.1 c p / f t - c / f t L ,  Legend - 77 .3  
c p / f t - c / f t 2 ,  3 .8 :1 ,  1 3 . 3 "  - 10," V = 12 ,  H = 2 1 .  



F i g u r e  C-4 - Continued 

S ign 8. " W i l l i s  Rd. ," Background - 26.3 c p / f t - c / f t 2 ,  Legend - 112.8 
c p / f t - c / f t 2 ,  4.3:1,  16" - 12," V = 11, H = 20. 

Sign 9.  'Bemis Rd. " Background - 10.8 c p / f t - c / f t 2 ,  Legend - 68.0 
c p / f t - c / f t 2 ,  6 .3 :1 ,  1 3 . 3 '  - 10," V = 18.5 ,  H = 5 .  



Figure  C-4 - Continued 

Sign 10.  " W i l l i s  Rd. ,"  Background - 20.1 c p / f t - c / f t 2 ,  Legend - 97.3 
c p / f t - c / f t 2 ,  4 . 9 : 1 ,  16" - 12 ,"  V = 1 1 . 5 ,  H = 20.  

Sign 11.  "Milan,"  Background - 9 . 6  c p / f t - c / f t 2 ,  Legend - 27.0 
c p / f t - c / f t 2 ,  2.8:1,  1 6 '  - 1 2 , "  V = 1 1 ,  H = 19.  



F i a u r e  C-4 - Cont inued 

S ign  12. "Federa l  C o r r e c t i o n a l  I n s t i t u t i o n  ," 
Background - 24.7 c p / f t - c l f t 2 ,  Legend - 58.7 
c p l f t - c / f t 2 ,  2.4:1,  13 .3"  - l o " ,  V = 13.5, H = 19.  

S ign 13.  ' M i l a n , "  B  ckground - 20.1 c p / f t - c / f t 2 ,  Legend - 89.6 
c p l f t - c l f t ? ,  4.5:1,  16" - 12",  V = 12,  ti = 19. 

168 



F igu re  C-4 - Cont inued 

S ign  14. "W i l l ow  Rd." Background - 0 .4  c p / f t - c / f t 2 ,  Legend - 8.3 
c p / f t - ~ / f t 2 ,  21.2:1, 13 .3"  - l o " ,  V = 18.5, H = 5. 

S ign  15. "Stony Creek Rd. ," Back round - 1 .1  c p / f t - c / f t i ,  
Legend - 7.7 c p / f t - c / f t q ,  7:1, 13 .3 "  - l o " ,  V = 17.5, 
H =4. 



F i g u r e  C-4 - - Cont inued 

S ign  16. " W i l l  i s  Rd " Background - 17 c p / f t - c / f t 2 ,  Legend - 86.5 
c p / f t - c / f t 2 :  5 1 : l  16"  - 12" ,  V = 13, H = 20. 

S ign  17. " Y p s i l a n t i  " Background - 6.2 c p / f t - c / f t 2 ,  Legend - 92.7 
c p / f t - c / f t 2 ,  15:1, 13.3" - l o " ,  V = 11.5, H = 19. 



F i g u r e  C-4 - Con t i nued  

S i g n  18.  " W i l l i s  Rd " Background - 17 .6  c p / f t - c / f t 2 ,  Legend - 92.7 
c p l f t - c / f t 2 ,  14 .7 :1 ,  1 3 . 3 "  - l o " ,  V = 17.5, H = 4 .  

S i g n  19 .  'Bernis Rd." Background - 0 .8  c p / f t - c / f t 2 ,  Legend - 12 .2  
c p / f t - c / f t 2 ,  14 .7 :1 ,  1 3 . 3 "  - l o " ,  V = 17.5,  H = 4. 



F i g u r e  C-4 - Continued 

Sign 20. " Y p s i l a n t i  " Background - 10.8 c p l f t - c l f t 2 ,  Legend - 30.9 
. :p / f t - c / f t$ ,  2.9:1, 13.3" - l o " ,  V = 14.5, H = 20. 

Sign, 21. "Coldwater " Background - 17.8 c p / f t - c l f t z ,  Legend - 30.9 
c p l f t - c / f t e ,  1 . 7 1  , 16"  - 12 " ,  V = 13, H = 20. 



F i g u r e  C-4 - Con t i nued  

S i g n  22. "M ich igan  Ave. , I '  Background - 2 .2  c p / f t - c / f t 2 ,  Legend - 6.2 
c p / f t - c / f t 2 ,  2.8:1,  1 3 . 3 '  - l o " ,  V = 19, H = 4. 

S i g n  23.  "West Chicago,"  I l l u m i n a t e d  s i g n ,  Background - 2 f t - L ,  
Legend 14  f t - L ,  7 : 1 ,  1 6 "  - 1 2 " ,  V = 20. 



Figure C-5. Arrangement of l igh t  source and photometer used in 
measurements of sign 1 umi nance. 



Figure C-6. Experimenter i l lus t ra t ing  use of photometer as 
arranged for f ie ld  measurements. 



The p h o t o m e t r i c  va lues shown i n  F i g u r e  C-4 thus  r e p r e s e n t  

approx imate  l e v e l s  wh ich  t h e  au tho rs  fee l  a r e  t y p i c a l  f o r  t h e  s i g n s  

i n  q u e s t i o n .  An examinat ion  o f  F i g u r e  C-4 makes i t  c l e a r  t h a t ,  

a l t h o u g h  t h e r e  a r e  no ve ry  b r i g h t  s igns  ( w i t h  e x c e p t i o n  o f  t h e  

i l l u m i n a t e d  ones) ,  t h e r e  i s  a  s u b s t a n t i a l  range o f  luminance and 

c o n t r a s t  va lues a v a i l a b l e .  Whi le  t h e  two i l l u m i n a t e d  s i g n s  d i f f e r  i n  

luminance by a  f a c t o r  o f  about  two t o  one, b o t h  a r e  i l l u m i n a t e d  t o  

r a t h e r  h i g h  l e v e l s ,  judged by va lues r e p o r t e d  i n  t h e  a v a i l a b l e  li t e r a -  

t u r e .  

Pho tomet r i c  measures were taken o f  t h e  background m a t e r i a l s  f o r  

t h e  a i r p o r t  s tudy  as w e l l .  I t  was found t h a t  t h e  two r e t r o r e f l e c t i v e  

backgrounds depar ted  s i g n i f i c a n t l y  f rom s p e c i f i c a t i o n s .  (spec.  30 

was a c t u a l l y  54 c p / f t - c / f t 2  and spec. 10 was a c t u a l l y  7 .7  c p / f t - c / f t 2 ) .  

I t i s  recogn ized  t h a t  t h e r e  a r e  s u b s t a n t i a l  v a r i a t i o n s  t o  be expected 

from sample t o  sample o f  r e t r o r e f l  e c t i v e  shee t ing .  F o r t u n a t e l y ,  un less  

luminance c o n t r a s t  i s  ve ry  low, random f l u c t u a t i o n s  l i k e  t h i s  have 

1  i t t l e  e f f e c t  on p r e d i c t i o n s  o f  l e g i b i l i t y  d i s t a n c e .  There fo re ,  l e g i -  

b i  1 i t y  d i s t a n c e  c a l c u l a t i o n s  were based on s p e c i f i c a t i o n s  i n  t h i s  

s tudy ,  i n  p a r t  t o  i l l u s t r a t e  t h a t  p r e c i s e  photometry i s  n o t  necessary .  

Procedure.  The same v e h i c l e  and i n s t r u m e n t a t i o n  were used i n  

t h i s  s tudy  as i n  t h e  f i r s t .  A f t e r  a  s h o r t  break a t  t h e  I n s t i t u t e  

t h e  s u b j e c t s  r e t u r n e d  t o  t h e  c a r ,  where t h e  exper imenter  read  t h e  

i n s t r u c t i o n s  f o r  t h i s  phase ( E x h i b i t  C-2). The c a r  was then  d r i v e n  

t o  t h e  f reeway en t rance  ramp, wa i ted ,  i f  necessary,  f o r  a  s u i t a b l e  gap 

i n  t r a f f i c ,  and then  e n t e r e d  t h e  f reeway.  The c a r  was d r i v e n  a t  about  

55 mph. As each t e s t  s i g n  drew near  t h e  exper imenter  a l e r t e d  t h e  

s u b j e c t s ,  desc r ibed  t h e  t y p e  (ground mount o r  overhead) and f i n a l l y  

p o i n t e d  i t  o u t  when i t  became v i s i b l e .  

Every e f f o r t  was made t o  keep t h e  t e s t  c a r  as i s o l a t e d  f rom 

o t h e r  v e h i c l e s  as p o s s i b l e .  Th is  was cons idered ach ieved when l e a d  

v e h i c l e s  passed a t e s t  s i g n  a t  l e a s t  a  few seconds b e f o r e  t h e  f i r s t  

s u b j e c t  responded and f o l l o w i n g  v e h i c l e s  were a t  l e a s t  400-500 f e e t  

beh ind.  By occas iona l  l y  ma k i n g  temporary speed ad jus tments  o r  p u l l  i n g  



o f f  t h e  road  t o  a l l o w  t r a f f i c  t o  pass, i t  was a lmos t  a lways p o s s i b l e  

t o  s t a y  w i t h i n  t h e  p r e s c r i b e d  l i m i t s .  

Data Reduct ion  

Data were reco rded  on v ideo tape .  The image c o n t a i n e d  b o t h  a  

d i s t a n c e  c o u n t e r  and t h e  f o u r  l i g h t  b u l b s  mark ing  s u b j e c t  and e x p e r i -  

menter  responses.  Data were f i r s t  p u t  i n t o  d i g i t a l  fo rm by r u n n i n g  

t h e  p layback  machine a t  s low speed and w r i t i n g  down t h e  d i s t a n c e s  a t  

wh ich  v a r i o u s  responses occu r red .  S u b t r a c t i n g  t h e  s u b j e c t ' s  f rom t h e  

e x p e r i m e n t e r ' s  response d i s t a n c e  gave t h e  l e g i  b i  1  i t y  d i s t a n c e .  When 

a l l  da ta  had been conver ted  as desc r ibed ,  means, s t a n d a r d  d e v i a t i o n s  

and s t a n d a r d  e r r o r s  o f  t h e  means were c a l c u l a t e d .  

RESULTS 

A i r p o r t  Study.  Tab le  C-2 presen ts  t h e  comparat ive  r e s u l t s  o f  

t h e  v a l i d a t i o n  s tudy  conducted a t  t h e  a i r p o r t .  The t a b l e  g i v e s  t h e  

s i g n  parameters i n  terms o f  background and 1  egend s p e c i f i c  luminance,  

legend s i z e  and beam c o n d i t i o n s .  F o r  each beam c o n d i t i o n ,  t h e  t a b l e  

shows t h e  average measured l e g i  b i  1  i t y  d i s t a n c e ,  t h e  p r e d i c t e d  l e g i  - 
b i  1  i t y  d i s t a n c e ,  and t h e  p e r c e n t  e r r o r .  

To i l l u s t r a t e  t h e  use o f  t h e  t a b l e :  t h e  f i r s t  row shows 6 i n c h  

( 1 5  cm) b u t t o n  l e t t e r s  on a  background w i t h  a  s p e c i f i c  luminance o f  30.  

The average measured l e g i b i l i t y  d i s t a n c e  w i t h  l ow  beams was 423 f e e t  

(129  m e t r e s ) ;  t h e  model p r e d i c t e d  398 f e e t  (121  met res )  f o r  t h i s  com- 

b i n a t i o n ,  an e r r o r  o f  5 . 9 % .  Given t h e  same c o n b i n a t i o n  o f  m a t e r i a l s  

w i t h  h i g h  beams, t h e  average measured l e g i b i l i t y  d i s t a n c e  was 429 f e e t  

(131  m e t r e s ) ,  t h e  p r e d i c t e d  d i s t a n c e  417 f e e t  (127 m e t r e s ) ,  an e r r o r  

of 2 . 8 % .  

O f  t h e  48 c o n d i t i o n s  i n v e s t i g a t e d  i n  t h e  a i r p o r t  s t u d y ,  26 were 

i n  e r r o r  by 5% o r  l e s s ,  14 were i n  e r r o r  by  l e s s  than  10% b u t  more 

than  5 % ,  6 were i n  e r r o r  by l e s s  than  20% b u t  more than  l o % ,  and 2 

were i n  e r r o r  by  more than  20% (25 .6% b e i n g  t h e  maximum e r r o r ) .  The 

mean a b s o l u t e  e r r o r  was 6.4%. 



Tab le  C - 2 .  RESULTS - AIRPORT STUDY 

-- - ---- 
S p e c i f i c  Luminance 1 , - LOW BEAM 1 H I G H  BEAM 

NOTE: S p e c i f i c  Luminance data  of  600 c p / f t - c / f t 2  i s  a  " s h e e t i n g  e q u i v a l e n t "  v a l u e  
a p p l i e d  t o  b u t t o n  legends (see Appendix E ) .  

(cp l f t -c / f tL  a t  1 Legend L e g i b i  1  i t y  D is tance  ( f e e t )  ------ -- 
0 ' 2 0  and - 4 0 )  1 Size  Measured I P r e d i c t e d  ---- 

Backgrnd 4 Legend ( i n c h e s )  (avg.  ) , 

I 

L e g i b i l i t y  D is tance  ( f e e t )  
Measured I P r e d i c t e d  / E r r o r  

(avg. )  1 1 % 
I 



Four o f  t h e  l a r g e s t  e r r o r s  ( i n c l u d i n g  t h e  two l a r g e s t )  i n v o l v e  

t h e  30 background, 45 l egend  c o n d i t i o n s .  Because t h e  luminance con- 

t r a s t  was so low t h i s  was a  c o n d i t i o n  where v a r i a t i o n s  from s p e c i f i c a -  

t i o n  c o u l d  have v e r y  s i g n i f i c a n t  impact  on l e g i b i l i t y  d i s t a n c e .  I n  

v iew  o f  t h e  reasonab le  per formance o f  t h e  same background and legends 

i n  o t h e r  combinat ions ,  t h e  au tho rs  v iew t h i s  as t h e  most  p robab le  

e x p l a n a t i o n  f o r  t h e  observed e r r o r .  

Freeway Study .  Tab le  C-3 shows t h e  r e s u l t s  o f  t h e  v a l i d a t i o n  

e f f o r t  u s i n g  r e a l  s i g n s  a l o n g  t h e  f reeway.  The t a b l e  has b a s i c a l l y  

t h e  same fo rma t  as Tab le  C-2, except  t h e  photometry r e p r e s e n t s  a c t u a l  

measurements i n s t e a d  o f  s p e c i f i c a t i o n s .  Thus, f o r  example, s i g n  1 i s  

shown t o  have c e r t a i n  p h o t o m e t r i c  c h a r a c t e r i s t i c s ,  c o n t r a s t  r a t i o ,  

l e t t e r  s i z e  and was read  a t  an average d i s t a n c e  o f  686 f e e t  (209 

m e t r e s ) .  F o r  t h i s  p a r t i c u l a r  s i g n  t h e  model p r e d i c t e d  a  l e g i b i l i t y  

d i s t a n c e  o f  594 f e e t  (181 m e t r e s ) ,  an e r r o r  o f  13.4%. 

C l e a r l y ,  t h e  v a r i a b l e s  i n  t h i s  s tudy  c o u l d  n o t  be as c l o s e l y  

c o n t r o l l e d  as i n  t h e  f i r s t  s tudy .  S i g n i f i c a n t  sources o f  e r r o r  were: 

( 1 )  v a r i a b i l i t y  i n  ambient  i l l u m i n a t i o n ,  ( 2 )  g l a r e  f rom o t h e r  v e h i c l e s ,  

and ( 3 )  o c c a s i o n a l l y  , headlamp c o n t r i b u t i o n  f rom o t h e r  v e h i c l e s .  

However, o n l y  3 o f  t h e  23 cases a r e  i n  e r r o r  by 20% o r  more, and t h e  

rema in ing  20 cases a r e  i n  e r r o r  by no more than  15%. More than  h a l f  

t h e  p r e d i c t i o n s  a r e  w i t h i n  10%. 

DISCUSSION 

G r a n t i n g  t h e  mu1 t i  p l  e  sources o f  e r r o r  v a r i a n c e  wh ich  can appear 

i n  any s t u d y ,  l e t  a l o n e  one conducted under f i e l d  c o n d i t i o n s ,  t h e  f a c t  

t h a t  t h e  v i s i b i l i t y  d i s t a n c e  model developed i n  t h i s  s t u d y  seems 

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

o r  minus 10% i s  v e r y  encourag ing .  I n  t h e  o p i n i o n  o f  t h e  a u t h o r s ,  t h e  

model has been demonstrated t o  have use fu l  v a l i d i t y .  

It w i l l  be n o t e d  t h a t  t h e  l a b o r a t o r y  da ta  (wh ich  r e p r e s e n t  

app rox ima te l y  9 0 t h  p e r c e n t i l e  per formance),  equate  we1 1  w i t h  t h e  

average f i e l d  performance of s u b j e c t s  hav ing  t h e  same v i s u a l  charac-  

t e r i s t i c s .  T h i s  means t h a t  s u b j e c t s  i n  t h e  l a b o r a t o r y  s e t t i n g  d i d  



Table C-3. Resul ts  - Freeway Study ---- - - -- -- 
P 5 

I 
Photometry 

i Sign : ( c p / f t - c / f t 2 )  

L e t t e r  S i ze  ' 
( inches 1 Legi b i  1 i t y  Distance ( f e e t )  

Contras t  U D D ~ ~  ~ o w e r  Measured Predic ted Er ror  

d 

Background Legend Rat io  cake Case (Avg . ) % 

13.6 1 47.9 3 .5 : l  , 16 a 12 686 594 13.4 
-- - - - - - - - , 

2. Overhead 14.7 ' 185.4 12.6:l  I 16 12 : 80 1 71 7 10.5 

3. I l luminated i 
Overhead "4.9 *33.0 6 .7: l  16 12 ' 1093 9 8 0  1 0 . 3  

12 1 4. Ground Mount 18.9 74.2 3 .9 : l  j 16 749 669 10.7 

1 5. Ground Mount ' 10.5 64.9 6.2:1 16 12 , 71 2 679 4.6 
I 

1 13. Ground Mount 20.1 89.6 4 .5 : l  i 16 12 ' 687 698 1.6 

6. Overhead 

+ 
co 
0 

] 14. Overhead 0.4 8 . 3  21.2:l 1 13.3 10 , 344 425 23.5 

9 .0  : 41.7 4 .6 : l  1 13.3 : 10 508 520 2.3 I 

I , 
9. Overhead 10.8 68.0 6 .3: l  13.3  10 450 544 20.9 

I t 
10. Ground Mount 20.1 97.3 4.9:l  i 16 12 724 71 7 1 . O  

11. Ground Mount I 9.6 27.0 2.8:l  1 16 12 586 584 0 .3  

7. Ground Mount 20.1 ! 77.3 3.8:1 13.3  10 632 544 13.9 

8. Ground Mount 26.3 112.8 4.3:1 1 16 1 12 I 689 726 5.4 

1 2 Ground Mount 24.7 58.7 2 .4: l  13.3  10 563 501 11 . O  

NOTE: Photometric Values shown r ep re sen t  ac tua l  f i e l d  measurements. 
"Foot Lamberts 

-- 

7--- - 
-- -- 1 15. Overhead I 1.1 7.7 7.0:1 1 13.3 10 1 348 I 386 10.9 

I I 

16. Ground Mount 17.0 86.5 5.1:1 16 12 703 688 2.1 

17. Ground Mount 6.2 92.7 15.0:1 13.3  10 659 61 1 7 .3  

18. Ground Mount 17.6 92.7 5 .3 : l  16 12 723 688 4.8 

19. Overhead 0.8 12.2 14 .7 : l  13.3  10 406 453 11.6 

20. Ground Mount 
.- 

10.8 30.9 2.9:1 13.3 10 466 482 3.4 

1 21. Ground Mount 17.8 30.9 1 .7: l  16 1 12 666 51 4 22.8 ' 
22. Overhead 2.2 6.2 2.8:1 13.3  394 386 2.0 

I , - - -  
10 - , 23. 11 luminated 1 

Overhead *2.0 *14.0 7 .0 : l  16 12 1334 9 8 0  5 .2  



s i g n i f i c a n t l y  b e t t e r  a t  t h e  t a s k  than d i d  s u b j e c t s  i n  t h e  f i e l d  

s e t t i n g .  Knowing t h e  magni tude o f  t h i s  " f i e l d  f a c t o r "  makes i t  

p o s s i b l e  t o  c o r r e c t  t h e  l a b o r a t o r y  data  and b r i n g  t h e  p r e d i c t i o n s  

more n e a r l y  i n  l i n e  w i t h  r e a l i t y .  The u l t i m a t e  o b j e c t i v e ,  o f  course,  

i s  t o  p r e d i c t  a  l e v e l  where a  l a r g e  pe rcen t  o f  t h e  d r i v i n g  p o p u l a t i o n  

(e .g . ,  85%) wi 11 be a b l e  t o  read  t h e  s i g n .  Th is  problem i s  more f u l l y  

d i  scussed i n  Chapter 3.  

I t i s  a l s o  wor th  p o i n t i n g  o u t  t h a t  f i e l d  performance was essen- 

t i a l l y  t h e  same r e g a r d l e s s  o f  t h e  n a t u r e  o f  t h e  v i s u a l  t a s k .  As t h e  

reader  w i  11 r e c a l l  , t h e  a i r p o r t  s tudy  employed an a c u i t y  t a s k  ( s i n c e  

i t  was t h e  j o b  o f  t h e  s u b j e c t s  t o  d e t e c t  t h e  o r i e n t a t i o n  o f  a  

c a p i t a l  l e t t e r  " E " ) .  However, i n  t h e  s tudy conducted on t h e  f reeway,  

t h e  s u b j e c t s  were asked t o  respond when they  c o u l d  read  a  s i g n  legend 

w e l l  enough t o  make o u t  what i t  s a i d ,  a  t a s k  wh ich  i s  a  c l o s e r  a p p r o x i -  

m a t i o n  o f  t h e  way i n  wh ich  peop le  a c t u a l l y  use highway s i g n s .  Desp i te  

t h i s  d i f f e r e n c e ,  t h e  model performed about  e q u a l l y  w e l l  f o r  bo th  t a s k s .  
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EXHIBIT C-1 

INSTRUCTIONS - A1 RPORT STUDY 

P a r t  1  

Th is  i s  a  s tudy o f  road s i g n  l e g i b i l i t y .  I t  w i l l  be conducted 

i n  two pa r t s .  W e ' l l  t a l k  about p a r t  2  l a t e r .  Here, a t  t h i s  s i t e ,  

w e ' l l  be d r i v i n g  s l ow l y  up and down t h i s  road v iew ing  smal l  spec ia l  

s igns  c o n s i s t i n g  o f  a  green background and a  s i n g l e  w h i t e  l e t t e r  E.  

A l l  you have t o  do i s  determine whether t h e  arms of t h e  E a r e  

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

W e ' l l  s t a r t  f rom t h i s  p o s i t i o n  i n  a  few minutes when I ask you 

t o .  D r i v e  a t  20 MPH toward t h e  o t h e r  end o f  t h e  road. P r e t t y  soon 

y o u ' l l  be a b l e  t o  see t h e  t e s t  s i g n  a long  t he  r i g h t  edge o f  t h e  

road. When you can determine whether t h e  E i s  f a c i n g  r i g h t  o r  l e f t  

press t h e  bu t t on  you have i n  you r  hand. Hold  i t  down f o r  a  moment 

and re lease .  Tha t ' s  a1 1  t h e r e  i s  t o  i t. Cont inue on down p a s t  

t h e  s i g n  and t u r n  around where I t e l l  you. Then w e ' l l  head back 

i n  t he  o t h e r  d i r e c t i o n  and do t h e  same t h i n g .  The l e t t e r s  w i l l  be 

d i f f e r e n t  s i zes ,  some o f  t h e  backgrounds w i l l  appear b r i g h t e r  than 

o the rs ,  and we w i l l  make runs under h i gh  and low beams, b u t  your  

t ask  i s  always t h e  same. Namely t o  determine whether t h e  E i s  

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

Any ques t ions?  



E X H I B I T  C - 2  
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EXHIBIT C-2 

INSTRUCTIONS - FREEWAY STUDY 

P a r t  2  

I n  t h i s  p a r t  of t h e  t e s t  y o u ' l l  be read ing  ac tua l  highway s igns  

a long  US 23 between here and M i l an .  We' l  1  be concerned w i t h  o n l y  

some o f  t he  s igns  y o u ' l l  pass. 1 ' 11  p o i n t  each o u t  t o  you as we 

approach. A l l  w i l l  have green backgrounds w i t h  w h i t e  l e t t e r s .  A l l  

w i l l  i d e n t i f y  e i t h e r  a  road, l i k e  "Washtenaw Ave." o r  a  p lace,  l i k e  

"Chicago." They may have o t h e r  i n f o r m a t i o n  too,  l i k e  " E x i t  1  m i l e . "  

I want you t o  be concerned o n l y  w i t h  t h e  p r imary  i n f o rma t i on ,  t h a t  

i s ,  t he  road o r  p l ace  name, on each s ign .  As we approach each s i g n  

t h e r e  w i l l  come a  t ime  when you w i l l  be a b l e  t o  make o u t  what t h e  

name i s .  Th is  doesn ' t  mean you can see every  l e t t e r  c l e a r l y  b u t  

you can see i t  w e l l  enough t o  know i t  says "Ann Arbor"  o r  whatever.  

Now, you may know t h i s  road w e l l  and you may know what t h e  s igns  

say. Obviously l e g i b i l i t y  i s  l e s s  o f  a  problem if you know i n  

advance what t h e  s i g n  says. T r y  t o  imagine t h a t  you do n o t  know 

what t h e  s i g n  says and press t h e  b u t t o n  when you t h i n k  you can see 

t h e  legend we1 1  enough t o  make i t  ou t .  

A l l  t h e  d r i v e r  has t o  do i s  go a long i n  t h e  r i g h t  l ane  a t  

55 MPH. One problem i s  t h a t  we have t o  be p r e t t y  much by ourse lves  

on t h e  road. I f  t h e r e  i s  a  c a r  c l ose  behind us o r  l ess  than 5 o r  

600 f ee t  i n  f r o n t  o f  us, i t s  headlamps w i l l  a l s o  l i g h t  up t h e  s i g n  

and make i t  e a s i e r  f o r  you t o  see i t .  I n  those cases you may have 

t o  s low down a  b i t  o r  even p u l l  o f f  t h e  road u n t i l  t h e  t r a f f i c  

c l e a r s .  Keep a l ookou t  t o  t h e  r e a r  and l e t  me know i f  a  c a r  i s  

g e t t i n g  c lose .  

W e ' l l  be l o o k i n g  a t  two d i f f e r e n t  types o f  s igns ,  ground mounts 

and overheads. Ground mounts a re  o f f  t o  t he  r i g h t  s i d e  o f  t he  road, 

on t h e  shoulder .  Overheads a re  suspended over  t h e  roadway, e i t h e r  

on a t r u s s  o f  some s o r t  o r  on a  b r i dge .  1 ' 11  t e l l  you what k i n d  o f  

a  s i g n  i t  i s  be fo re  we come t o  i t .  

Any ques t ions?  
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LEGIBILITY DISTANCE MODEL 

A b r i e f  d e s c r i p t i o n  o f  t h e  l e g i b i l i t y  d i s t ance  model has been 

p rov ided  i n  Chapter 1, a long w i t h  an i n d i c a t i o n  o f  how i t  was 

in tended  t o  f i t  i n t o  t h e  NCHRP 3-24 program. Th is  s e c t i o n  s h a l l  be 

devoted t o  a  more comprehensive d e s c r i p t i o n  o f  t h e  model t o  a s s i s t  

t h e  reader  i n  unders tanding t h e  v a r i a b l e s  i t  i s  capable o f  dea l i ng  

w i t h  as w e l l  as c e r t a i n  assumptions upon which i t  i s  based. 

ELEMENTS OF THE MODEL 

The major  elements o f  t h e  s i g n  l e g i b i l i t y  computer model a r e  

shown i n  t he  program f l o w  cha r t ,  F i gu re  D-1 .  The f o l l o w i n g  v a r i -  

ab les must be s p e c i f i e d  be fo re  computations may begin :  

A. Veh i c l e  f a c t o r s :  

1. L i g h t  d i s t r i b u t i o n  and i n t e n s i t y  c h a r a c t e r i s t i c s  o f  

t he  headlamps . 
2. P o s i t i o n  o f  t he  headlamps on t h e  veh i c l e .  

3. Headlamp aim. 

4. Eye p o s i t i o n  o f  t he  d r i v e r .  

5. L a t e r a l  and l o n g i t u d i n a l  p o s i t i o n  o f  t he  v e h i c l e  

on t he  road. 

B. S ign f a c t o r s :  

1. S p e c i f i c  1  uminance o f  t h e  r e t r o r e f l e c t i v e  s i g n  

components (background and legend) .  

2. Background c o l o r .  

3. Sign p o s i t i o n ,  v e r t i c a l l y  and h o r i z o n t a l l y ,  r e l a t i v e  

t o  t he  roadway. 

4. Sign r o t a t i o n ,  v e r t i c a l l y  and h o r i z o n t a l l y ,  r e l a t i v e  

t o  t he  roadway. 

5. Legend s i z e .  

C .  Road f a c t o r s :  

1. Al ignment o f  t h e  road  ( h i l l s ,  curves)  between t h e  c a r  

and s i gn .  

2. Surround 1 umi nance. 
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OPERATION OF THE MODEL 

B a s i c a l l y ,  t he re  a re  two phases i n  t he  opera t ion  o f  t he  model. 

These a re  as f o l l o w s :  

1. The i n i t i a l  separa t ion  between t h e  s i gn  and ca r  i s  s e t  

l a r g e  enough t o  be sure t he  s i g n  i s  no t  l e g i b l e .  Then, con- 

s i d e r i n g  the  photometr ic  c h a r a c t e r i s t i c s  o f  t he  v e h i c l e ' s  

headlamps and t he  geometric r e l a t i o n s h i p  between t he  ca r  and 

s ign ,  c a l c u l a t i o n s  a re  c a r r i e d  o u t  t o  determine t he  amount 

o f  l i g h t  reach ing t he  s ign .  Inc idence and divergence angles 

a re  determined as we1 1. Then, based on these data,  and con- 

s i d e r a t i o n  o f  t h e  s p e c i f i c  1  uminance c h a r a c t e r i s t i c s  o f  t h e  

s i g n  ma te r i a l s  , c a l  c u l a t i o n s  a re  p e r f  ormed t o  determine t h e  

luminance o f  t he  s i gn  background and legend as i t  would be 

measured a t  the  eyes o f  t he  d r i v e r  o f  t he  oncoming car .  A 

c o r r e c t i o n  i s  app l i ed  t o  account f o r  t h e  a t t enua t i ng  

c h a r a c t e r i s t i c s  o f  t he  v e h i c l e ' s  w indsh ie ld .  

2 .  Based on t he  r e s u l t s  o f  s tep  1, and cons idera t ion  o f  surround 

1  umi nance and 1  egend s i ze ,  t h e  1  aboratory  data a re  re ferenced 

t o  determine whether t he  s i g n ' s  message would be l e g i b l e .  I f  

no t ,  t he  v e h i c l e  i s  moved toward t he  s i g n  a  p re -se lec ted  

d is tance  (e.g. ,  20 f e e t )  and the  process repeated. 

These p o i n t s  s h a l l  now be descr ibed i n  somewhat g rea te r  d e t a i l .  

PHOTOMETRI C COMPUTATIONS 

The o b j e c t i v e  o f  t he  photometr ic  computations i s  t o  determine 

t he  luminance o f  t he  legend and background o f  t he  s i gn  based on t he  

va r i ab l es  l i s t e d  i n  t h e  sec t i on  e n t i t l e d  "Elements o f  t he  Model'' a t  

t h e  beginn ing o f  t h i s  sec t i on .  The boundaries o f  t he  roadway, t h e  

l o c a t i o n  o f  t he  d r i v e r ' s  eye, the  v e h i c l e  headlamps, and t he  legend 

a re  a1 1  s p e c i f i e d  i n  three-dimensional  Car tes ian coord inates.  From 

these Car tes ian coord inates,  f o u r  angles o f  c e n t r a l  importance a re  

computed f o r  each headlamp. These are:  



1. The horizontal angle from the headlamp to the 
sign legend ( H A ) .  

2 .  The vertical angle from the headlamp t o  the 
sign 1 egend ( V A )  . 

3. The angle of incidence ( I A )  . 
4. The angle of divergence (DA)  . 
These four angles are identified in Figure D-2. IA i s  the angle 

between the normal vector t o  the sign surface and the ray emanating 
from the headlamp t o  the sign legend. DA i s  the angle between the 
rays from the driver 's  eye to the legend ( E L )  and the ray from the 
headlamp t o  the legend ( H L )  . The distance d from the headlamps t o  the 
legend i s  computed from the Cartesian coordinates for each headlamp 
separately. 

The computation requires information regarding the reflective 
characteristics of the material employed. This i s  contained in 
specific luminance curves, such as shown in Figure D-3. Curves for 
the encapsulated lens material shown, as well as for others of 
interest ,  are converted t o  mathematical expressions for use i n  the 
model. As a preliminary step, computations of 1 A  and DA are made to  
determine appropriate specific 1 uminance ( S L )  characteristics for the 
sign background and legend. The S L  must be updated with each i tera-  
tion of the model (as the car i s  moved closer t o  the sign to find the 
legibi l i ty  distance), since i t  can change rapidly with I A  and DA. 

A1 1 required information i s  now present t o  compute the luminance 
of either the legend or the background. As an example, the total  
legend luminance in f t -L i s  given by the equation: 

where 
I1  and  I 2  are the intensit ies i n  candela of that portion o f  the 

l e f t  and right headlamp beam directed toward the sign. 



s 
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DIVERGENCE ANGLE (DEGS) 

Figure D-3 .  Specific Luminance characteristic of white encapsulated lens 
sheeting. 
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f t - L  SL and SLp a r e  t h e  s p e c i f i c  1 uminances v a l  ues i n  ft-C o f  1 

t h e  legend m a t e r i a l  r e l a t i v e  t o  t h e  l e f t  and r i g h t  head- 

lamps r e s p e c t i v e l y  

d i s  t h e  d i s t a n c e  f rom t h e  h e a d l i g h t s  t o  t h e  legend 

The same procedure  i s  used t o  compute background luminance.  

LEGIBILITY COMPUTATIONS 

Given t h e  1 uminance computat ions j u s t  desc r ibed  and spec i  f i  ca- 

t i o n s  concern ing legend s i  ze, background c o l o r  and su r round  1 uminance, 

t h e  model now draws on t h e  da ta  developed i n  t h e  l a b o r a t o r y  s t u d y  

desc r ibed  i n  Appendix B t o  determine whether t h e  s i g n  i s  l e g i b l e .  A t  

p r e s e n t  t h e  equa t ions  i n  t h e  model p r e d i c t  t h e  8 5 t h  p e r c e n t i l e  l e g i -  

b i l i t y  d i s t a n c e  o f  young, normal s u b j e c t s  f o r  a w h i t e  legend on a 

green background. P r o v i s i o n s  have been made f o r  c o r r e c t i n g  these  

equa t ions  f o r  o t h e r  c o l o r e d  backgrounds. 

There a r e  two separa te  p a r t s  t o  t h e  l e g i  b i  1 i ty  computa t ions .  

P a r t  1 p r e d i c t s  l e g i b i l i t y  d i s t a n c e  a t  low and moderate l e v e l s  o f  

legend t o  background c o n t r a s t  where t h e  s u b j e c t ' s  l e g i b i l i t y  d i s t a n c e  

inc reases  w i t h  i n c r e a s i n g  luminance r a t i o .  P a r t  2 p r e d i c t s  l e g i  b i  1 i t y  

d i s t a n c e  decreases w i t h  i n c r e a s i n g  l egend  luminance.  The d e t a i  1 s o f  

t hese  two p a r t s  w i l l  now be desc r ibed .  

L e g i b i l i t y  D is tance  f o r  Low and Moderate Leve ls  o f  C o n t r a s t .  The 

computer program used t o  f i t  t h e  b e s t  l e a s t  squares s t r a i g h t  l i n e s  t o  

t h e  p e r c e n t  c o r r e c t  vs .  l o g  luminance r a t i o  data ,  was used t o  compute 

t h e  1 uminance r a t i o  r e q u i r e d  f o r  t h e  8 5 t h  p e r c e n t i l e  performance f o r  a1 1 

combinat ions  o f  legend s i z e  and background 1 uminance used i n  t h e  l a b o r a -  

t o r y  s tudy .  T h i s  i n f o r m a t i o n  was developed i n  a form l i k e  t h a t  shown 

i n  F i g u r e  B-11. A second o r d e r  po lynomia l  was f i t t e d  t o  each o f  t h e  

f o u r  curves and an i n t e r p o l  a t i  on scheme was developed f o r  de te rm in ing  

t h e  r e q u i r e d  c o n t r a s t  r a t i o  f o r  background luminance l e v e l s  f a l l i n g  

between t h e  curves.  I f  t h e  computed luminance va lues a r e  l e s s  than  

those r e q u i r e d  f o r  t h e  c o n d i t i o n s  s p e c i f i e d ,  t h e  s i g n  i s  judged " n o t  

l e g i b l e "  and t h e  program moves t h e  c a r  one s t e p  c l o s e r  t o  t h e  s i g n  and 



i t e r a t e s .  I f  t h e  computed luminance va lues a r e  g r e a t e r  than those 

r e q u i r e d  f o r  t h e  c o n d i t i o n s  s p e c i f i e d ,  t h e  s i g n  i s  judged " l e g i b l e  ,'" 
un less  t h e  c o n t r a s t  i s  excess ive.  Whether t h e  c o n t r a s t  i s  excess ive  

i s  determined f rom P a r t  2  which w i l l  now be descr ibed.  

L e g i b i l i t y  D is tance  f o r  High Leve ls  o f  Con t ras t .  Both t h e  l a b o r a  

t o r y  and f i e l d  exper iments i n d i c a t e  t h a t  l e g i  b i  1  i t y  d i s t a n c e  dec l  i n e s  

f o r  excess ive legend t o  background c o n t r a s t  l e v e l s .  A model based 

upon t h e  l a b o r a t o r y  v i s u a l  a c u i t y  da ta  was developed t o  p r e d i c t  t h i s  

d e c l i n e .  The assumptions used i n  t h e  development of t h e  model a r e  

o u t 1  i n e d  be1 ow. 

1 )  The maximum 8 5 t h  p e r c e n t i l e  v i s u a l  a c u i t y  f o r  young sub- 

j e c t s  i s  70 f t / i n c h  (8 .4  m/cm) l e t t e r  h e i g h t .  

2 )  For  low 1  uminance (<  0 . 1  f t - L  L0.34 cd/m2] ) backgrounds, 

l e g i b i l i t y  d i s t a n c e  i s  a  f u n c t i o n  o f  legend luminance 

o n l y  and l e g i b i l i t y  d i s t a n c e  d e c l i n e s  i n  p r o p o r t i o n  t o  
2  t h e  i n c r e a s e  i n  legend luminance above 1 f t - L  (3 .4  cd/m ) .  

3 )  For  moderate t o  h i g h  luminance backgrounds ( . I  t o  10 f t - L  
2  [0.34 t o  34.3 cd/m I )  t h e  d e c l i n e  i n  l e g i b i l i t y  d i s t a n c e  

i s  p r o p o r t i o n a l  t o  i nc reases  i n  1  egend 1  uminance r a t i o .  

There i s  no d e c l i n e  u n t i  1  t h e  1  uminance r a t i o  exceeds 20. 

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

d i s t a n c e  w i t h  luminance o r  1  uminance r a t i o  was determined as f o l l  ows : 

a )  The d e c l  i n e  i n  performance w i t h  i n c r e a s i n g  legend luminance 

was determined f rom t h e  l a b o r a t o r y  data  f o r  a  w h i t e  legend 

on a  b l a c k  background. 

b )  The s e n s i t i v i t y  o f  l e g i b i l i t y  d i s t a n c e  t o  excess ive  c o n t r a s t  

i s  t h e  p r o d u c t  o f  t h e  ( s e n s i t i v i t y  o f  p e r c e n t  c o r r e c t  t o  

i n c r e a s i n g  1  uminance r a t i o )  and t h e  ( s e n s i t i v i t y  o f  l e g i  - 
b i l  i t y  d i s t a n c e  t o  p e r c e n t  c o r r e c t ) .  I n  symbols : 

A l e g .  d i s t .  - A % c o r r e c t  , A l e g .  d i s t .  
A l o g  u n i t  A l o g  u n i t  A % c o r r e c t  

= -28 x  .4 = 
f t / i n  

l o g  excess c o n t r a s t  



Thus i n  t h e  r e g i o n  where l e g i b i l i t y  d i s t a n c e  i s  l i m i t e d  by 

excess i ve  legend 1  uminance: 

l e g i b i l i t y  d i s t a n c e  = 70 - 11.4 l o g  (BL) (BB < .1 f t - L )  

and i n  t h e  r e g i o n  o f  excess i ve  luminance c o n t r a s t :  

B~ l e g i b i l i t y  d i s t a n c e  = 7 - 11.4 l o g  - 23 BB (BB - > . 1 f t - L )  

where BB i s  background 1  uminance and 

B  i s  l egend  luminance L 

Al though  a l l  t h e  assumpt ions used t o  deve lop these  equa t ions  have n o t  

been r i g o r o u s l y  proved,  a  thorough examina t ion  o f  t h e  v i s u a l  a c u i t y  

da ta  w i l l  show them t o  be p l a u s i b l e .  The t r u e  s t r e n g t h  o f  t hese  

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

f o r  t h e  cases o f  excess i ve  c o n t r a s t .  
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DETERMINATION OF A "SHEETING EQUIVALENT" 
VALUE FOR BUTTON LEGEND MATERIALS 

INTRODUCTION 

I t was c l e a r  f rom t h e  survey on p r a c t i c e s  i n  t h e  use o f  s i g n i n g  

m a t e r i a l s  (Appendix G) t h a t  b u t t o n  legends a r e  among t h e  most common 

i n  use today.  There fo re ,  i n  o r d e r  t o  be u s e f u l ,  t h e  r e s u l t s  o f  t h i s  

i n v e s t i g a t i o n  must a p p l y  t o  b o t h  b u t t o n  and s h e e t i n g  legend m a t e r i a l s .  

A d i f f i c u l t y  a r i s e s  i n  t h i s  r e g a r d  because pho tomet r i c  d a t a  f r o m  t h e  

d i f f e r e n t  m a t e r i a l s  a r e  n o t  comparable f o r  purposes o f  1  e g i  b i  1  i ty  . 
Bu t tons  a r e  cube-corner r e t r o r e f l  e c t o r s  and a r e  ve ry  e f f i c i e n t  . 
However, t hey  t y p i c a l l y  occupy o n l y  about  20% o f  t h e  area of a  g i v e n  

l e t t e r .  When v iewed a t  an a p p r o p r i a t e  d i s t a n c e  b u t t o n  legends 

appear cont inuous because o f  s c a t t e r i n g  o f  l i g h t  i n  t h e  eye (an e f f e c t  

known as i r r a d i a t i o n ) .  Thus, p e r c e p t u a l l y ,  a  b u t t o n  legend i s  prob-  

a b l y  l e s s  b r i g h t  t han  would  be i n d i c a t e d  by photometer ing  i t s  i n d i v i -  

dua l  components. However, t h e r e  a r e  no data  i n  t h e  a v a i l a b l e  

1  i t e r a t u r e  wh ich  p e r m i t  i n f e r e n c e s  about  t h e  c o r r e c t i o n  wh ich  wou ld  

be a p p r o p r i a t e  t o  make b u t t o n  legend m a t e r i a l s  comparable t o  s h e e t i n g  

m a t e r i a l s .  S ince  t h i s  s tudy  seeks t o  i n f e r  l e g i b i l i t y  d i s t a n c e  f rom 

pho tomet r i c  da ta ,  such a  c o r r e c t i o n  i s  e s s e n t i a l .  The re fo re ,  a  

l i m i t e d  i n v e s t i g a t i o n  was under taken t o  d e r i v e  a  " s h e e t i n g  e q u i v a l e n t "  

i ndex  f o r  b u t t o n  legend m a t e r i a l s .  

METHOD 

The approach u t i l i z e d  i n  t h i s  s tudy  was t o  measure t h e  amount o f  

i l l u m i n a t i o n  r e q u i r e d  t o  enab le  i d e n t i f i c a t i o n  o f  t h e  o r i e n t a t i o n  o f  a  

l e t t e r .  

Four s u b j e c t s  p a r t i c i p a t e d  i n  t h e  s tudy .  A l l  were young peop le  

(25 y e a r s  o l d  o r  l e s s )  w i t h  no v i s u a l  a b n o r m a l i t i e s ,  20120 (616) o r  

b e t t e r  h i g h  c o n t r a s t  f a r  a c u i t y  and no worse than  20125 (617.5)  low 

c o n t r a s t  f a r  a c u i t y .  They viewed t h e  l e t t e r s  w h i l e  seated i n  an 

automobi le ,  two i n  t h e  f r o n t  s e a t ,  two i n  back.  



The following independent variables were tested : 

1. Letter  type: capital  l e t t e r  b u t t o n s ,  upper case l e t t e r  

buttons, highly and moderately re f l ec t ive  sheeting ( t o t a l  

of four d i f fe ren t  l e t t e r s ) .  

2 .  Letter  s i z e :  15, 10 and 6 inch (38.1, 25.4 and 15.2 cm). 

3. Viewing distance:  750, 500, 467, 333, 300, 253, 200, 167, 

and  100 f ee t  (229, 152, 142, 101, 91, 71, 61, 51 and 30 

metres). 

Only one l e t t e r  s i ze  was used a t  each distance.  The distances were 

selected t o  permit comparison of d i f fe ren t  s i ze  l e t t e r s  which sub- 

tended the same visual angle. (For example, a s i x  inch [15.2 cm] 

l e t t e r  subtends the same angle a t  300 fee t  [91 metres] as does a 
15 inch [38.1 cm] l e t t e r  a t  750 f e e t  [229 metres] ) .  Thus, e f fec t ive ly ,  

there were three viewing distances,  three l e t t e r  s izes  and four l e t t e r  

types, fo r  a to ta l  of 36 configurations. 

Projector L 2  from the main laboratory study was used to  i l  lumi- 

nate the l e t t e r s .  The projector was placed on the hood of the t e s t  

vehicle,  d i rec t ly  in f ront  of the subjects ,  and operated a t  110 V A C .  

Voltage was adjusted by a Variac and continuously monitored on a D V M  

during the study. 

The procedure empl oyed was f a i r l y  simp1 e .  When i  11 umi nated by 

the projector with maximum f i l t r a t i o n ,  the l e t t e r  should n o t  have 

been legible .  The experimenter would increase i  11 umination step by 

s tep  unti l  the subjects could detect  the or ienta t ion of the l e t t e r .  

The experimenter then continued t o  increase the illumination up  t o  
the maximum possible t o  determine whether the legend ever became so 

bright  as to  subjectively reduce i t s  l e g i b i l i t y .  

The subjects  were seated in the car  a n d  read the instructions 

in Exhibit E-1. After some practice t r i a l s  the t e s t  began with the 

l e t t e r s  placed a t  the maximum distance.  Distance was reduced with 
succeeding t r i a l s .  



RESULTS 

When p i l o t  data  were taken i n  s e t t i n g  up t h e  t e s t ,  t he  s i t e  

se l ec ted  appeared adequate t o  c a r r y  o u t  t h e  t e s t  as in tended.  However, 

on t he  n i g h t  data taken, t h e  ambient i l l u m i n a t i o n  was s i g n i f i c a n t l y  

h i ghe r  (due, apparen t l y ,  t o  r e f l e c t i o n s  o f  ground l i g h t i n g  o f f  a  low 

c l oud  cover ) ,  so t h a t  i t  was poss ib l e  f o r  t h e  sub jec ts  t o  see t he  

l e t t e r s  even under lowes t  i l l u m i n a t i o n  f rom t h e  p r o j e c t o r  a t  a1 1  b u t  

t h e  g r e a t e s t  d i s tances .  Th is  phenomenon was n o t  apparent t o  t h e  

exper imenters and t h e  sub jec t s  f a i l e d  t o  r e p o r t  i t .  As a  r e s u l t  much 

o f  t he  data were l o s t  and many o f  t h e  des i r ed  comparisons cou ld  n o t  

be made. However, t he re  were s u f f i c i e n t  data t o  pe rm i t  an es t imate  

o f  t he  shee t ing  equ i va l en t  va lue,  which was t h e  p r imary  purpose o f  t h e  

s tudy . 
The bas i c  r e s u l t s  a re  presented i n  Table E-1.  Th is  t a b l e  l i s t s  

t h e  r a t i o s  o f  i l l um inance  requ i r ed  t o  make each l e t t e r  j u s t  l e g i b l e .  

Thus, t he  smal l  b u t t o n  l e t t e r  r q u i r e d  1.2 t imes t h e  i l l u m i n a t i o n  o f  

t he  l a r g e  bu t t on  l e t t e r ,  t h e  h i g h l y  r e f l e c t i v e  shee t ing  1  e t t e r  r e q u i r e d  

3 . 1  t imes t h e  i l l u m i n a t i o n  o f  t h e  l a r g e  b u t t o n  l e t t e r  and so on. 

Table E -2  conver ts  t h e  r a t i o s  o f  Table E - 1  t o  est imates o f  

s p e c i f i c  luminance, based on pho tomet r i c  data r un  on t he  two shee t ing  

l e t t e r s .  The average o f  t he  f o u r  numbers shown i s  582. Thus a  rough 

approx imat ion o f  t h e  "shee t ing  equ i va l en t "  s p e c i f i c  1 uminance f o r  

bu t t on  l e t t e r s  i s  600 c d / f t - c / f t 2  a t  -4' and 0.2'. 

Th is  s tudy was b r i e f  and t h e  va lue  de r i ved  f o r  b u t t o n  m a t e r i a l s  

i s  o n l y  an approx imat ion.  However, t he  600 va lue was used i n  t h e  

p r e d i c t i v e  l e g i b i l i t y  d i s t ance  model and was found t o  work adequately 

f o r  s i t u a t i o n s  where bu t t on  legends were employed i n  t h e  f i e l d  v a l i d a -  

t i o n  s tudy (see Appendix C ) .  T h i s  i s  a d d i t i o n a l  evidence t h a t  t h e  

va lue i s  reasonably c o r r e c t .  



T A B L E  E-1. Ratios of I1 luminance Required t o  Make Each Letter  Visible 
Compared t o  Each Other Letter Tested 

Small Bu t ton  Letter I 4.8 i 
(upper case E )  i 

-_I ! 

- - -  - 

Moderately Reflec- 
t i ve  Sheeting 
Letter  

4 

Small B u t t o n  
Letter (Upper 
Case E )  

Large Bu t ton  Letter 1.2 3.1 
(capi ta l  E )  

Highly Reflective 1 
Sheeting Letter 1 

Highly Reflective 
Sheeting Letter 

5.9 
i 1 
7 

T A B L E  E-2. Inferred Specific Luminance of Button Letters Based on Ratios 
Presented in Table E-1. 

Large Bu t ton  Letter 
(Capital E )  

Small Bu t ton  Letter 
(Upper Case E )  

682 
J 

Moderately Ref1 ect ive  
Sheeting Letter 
(90 cd / f t - c / f t 2 )  

Highly Reflective 
Sheeting Letter 
(220 cd / f t - c / f t 2 )  

682 

531 432 





EXHIBIT E-1 

SUBJECT INSTRUCTIONS 



BUTTON vs .  SHEETING STUDY 

INSTRUCTIONS 

T h i s  i s  a  s tudy  t o  compare t h e  l e g i b i l i t y  o f  d i f f e r e n t  t ypes  o f  

highway s i g n  legends.  B a s i c a l l y ,  we a r e  t r y i n g  t o  f i n d  o u t  how much 

i l l u m i n a t i o n  has t o  be d i r e c t e d  toward each t y p e  of m a t e r i a l  b e f o r e  

you can see i t .  

The legends you w i l l  be see ing  a r e  a l l  c a p i t a l  l e t t e r  E ' s ,  l i k e  

t h e  two I have p laced  on t h e  dashboard. Some a r e  u n i f o r m  i n  appear- 

ance, l i k e  t h e  one on t h e  l e f t ,  some a r e  i n s e t  w i t h  b u t t o n s ,  l i k e  t h e  

one on t h e  r i g h t .  Your t a s k  i s  t o  determine whether t h e  l e t t e r  E ' s  

a r e  o r i e n t e d  w i t h  t h e  ba rs  t o  t h e  r i g h t ,  as i n  t h e  case o f  t h e  b u t t o n  

l e t t e r  on t h e  dash, o r  t o  t h e  l e f t ,  as i n  t h e  case o f  t h e  u n i f o r m  

l e t t e r  on t h e  dash. 

We w i l l  s t a r t  each s e r i e s  o f  t r i a l s  w i t h  t h e  i l l u m i n a t i o n  so 

low t h a t  you w i l l  n o t  be a b l e  t o  determine t h e  o r i e n t a t i o n  o f  t h e  

l e t t e r .  You may n o t  be a b l e  t o  see i t  a t  a l l  as a  m a t t e r  o f  f a c t .  

We w i l l  t hen  g r a d u a l l y  i n c r e a s e  t h e  i l l u m i n a t i o n  and a t  some p o i n t  

you w i l l  be a b l e  t o  determine whether t h e  l e t t e r  i s  o r i e n t e d  r i g h t  o r  

l e f t .  

1 ' 1 1  t u r n  o f f  t h e  dome l i g h t  f o r  a  m inu te .  I f  you l o o k  up t h e  

road  you w i l l  see a  l e t t e r  E t a r g e t  s t r a i g h t  ahead o f  us. The 

t a r g e t  w i l l  a lways appear i n  app rox ima te l y  t h e  same p o s i t i o n  h o r i -  

z o n t a l l y  b u t  may be c l o s e r  o r  f u r t h e r  away and appear l a r g e r  o r  

s m a l l e r .  Note t h e  sma l l  l i g h t  above t h e  l e t t e r  E. T h i s  remains on 

a t  a l l  t imes and serves t o  mark t h e  t a r g e t  p o s i t i o n  so you can f i n d  

i t  e a s i l y  on t r i a l s  where t h e  t a r g e t  i s  v e r y  dim. 

Now, l o o k  a t  y o u r  c l i p b o a r d s .  Each board  shou ld  have 3 sheets  

on i t .  The column numbers shou ld  go f r o m  1 t o  12 on t h e  t o p  sheet ,  

f rom 13 t o  24 on t h e  second sheet ,  and f rom 25 t o  36 on t h e  bo t tom 

shee t .  The rows a r e  numbered f rom 20 t o  0 on each shee t .  We w i l l  

s t a r t  w i t h  column 1. I w i l l  c a l l  o f f  t h e  number "20."  When you l o o k  



a t  t h e  t a r g e t ,  you should  -- n o t  be a b l e  t o  determine i t s  o r i e n t a t i o n ,  

so you w i l l  w r i t e  an N i n  colunin 1 oppos i te  t h e  number "20." I'll 

then c a l l  o f f  "19" and you should  aga in  l o o k  a t  t h e  t a r g e t  and t r y  

t o  determine i t s  o r i e n t a t i o n .  

E v e n t u a l l y  t h e  i l l u m i n a t i o n  w i l l  be h i g h  enough f o  you t o  

determine t h e  o r i e n t a t i o n  o f  t h e  t a r g e t  E.  On t h a t  t r i a l  w r i t e  i n  

an - R o r  - L, as a p p r o p r i a t e .  You should  be f a i r l y  c e r t a i n  o f  t h e  

t a r g e t  o r i e n t a t i o n  b e f o r e  you commit y o u r s e l f .  On t h e  n e x t  t r i a l ,  

w i t h  more i l l u m i n a t i o n ,  one o f  two t h i n g s  may happen. You may f i n d  

t h a t  y o u r  f i r s t  impress ion was wrong and t h e  l e t t e r  i s  o r i e n t e d  

o p p o s i t e  t o  what you thought .  Please, do n o t  go back and erase t h e  

i n c o r r e c t  e n t r y .  Simply make t h e  c o r r e c t  e n t r y  o p p o s i t e  t h e  c u r r e n t  

1  eve1 number. 

On t h e  o t h e r  hand, i f  t h e  o r i e n t a t i o n  appears c o r r e c t ,  I would 

l i k e  you t o  judge whether t h e  l e t t e r  i s  b e t t e r  o r  worse than  on t h e  

preceding t r i a l .  I n  general  we would expect  t h a t  a t  f i r s t  t h e  l e t t e r  

would appear c l e a r e r  o r  b e t t e r  w i t h  each inc rease  i n  i l l u m i n a t i o n .  

I n  t h a t  case e n t e r  a  - B f o r  b e t t e r .  However, i t  may happen t h a t  t h e  

l e t t e r  w i l l  become t o o  b r i g h t  sometimes and appear l e s s  c l e a r  o r  

worse than on preceding t r i a l s .  Th is  i s  a  judgment which w i l l  va ry  

from person t o  person and depends on t h e  t y p e  o f  m a t e r i a l  used and 

t h e  d i s t a n c e  a t  which i t  i s  viewed. But ,  i f  t h e  l e t t e r  begins t o  

appear l e s s  c l e a r  than  t h e  preceding t r i a l  , e n t e r  a  - W f o r  worse. 

I n  o r d e r  t o  see t h e  l e t t e r s  p r o p e r l y  i t  i s  e s s e n t i a l  t h a t  you 

group yourse lves  i n  t h e  f r o n t  and r e a r  seats  so t h a t  t h e  t a r g e t s  a r e  

seen as c l o s e  t o  t h e  p r o j e c t o r  on t h e  hood as p o s s i b l e .  I suggest 

t h a t  t h e  two people i n  t h e  r e a r  s i t  as c l o s e  t o g e t h e r  as p o s s i b l e  and 

those i n  t h e  f r o n t  s i t  as c l o s e  as they  can w i t h o u t  b l o c k i n g  t h e  v iew 

o f  those i n  back. 

M a i n t a i n  y o u r  v iew ing  p o s i t i o n  as c l o s e l y  as p o s s i b l e .  I f  you 

move your  head ve ry  much i t  w i  11 cause t h e  apparent b r i g h t n e s s  o f  t h e  

l e t t e r s  t o  change. 



I t ' s  very important that you n o t  talk or comment as you view 

the targets.  We also ask that you n o t  compare data until the study 
i s  completed. Let your data represent your own reactions on ly .  

That's about i t .  Just  to recap, each series of  t r i a l s  will 
s t a r t  with intensity 20,  which i s  minimum and go through 0, which i s  
maximum. We would expect your f i r s t  responses t o  be Ny followed by 

an - R or - L a t  some point, followed by a series of - B's with perhaps 
some - W's near the bottom. 

Are there any questions? 

We will now give you a series of practice t r i a l s .  I would l ike 

t o  point out,  before we s t a r t ,  that the t r i a l s  will come quickly, so 
you will n o t  have a lo t  of time to make u p  your mind. You'll get the 

rhythm in the practice ser ies .  



APPENDIX  F  

P I L O T  I N V E S T I G A T I O N  OF THE EFFECT OF 
BACKGROUND AREA ON L E G I B I L I T Y  D ISTANCE 



PILOT INVESTIGATION OF THE EFFECT OF 
BACKGROUND AREA ON LEGIBILITY DISTANCE 

INTRODUCTION 

Among t h e  ques t i ons  r a i s e d  i n  t h e  course o f  t h e  p r i m a r y  i n v e s t i -  

g a t i o n  was one concern ing a p o t e n t i a l  i n t e r a c t i o n  between 1 egend s i z e  

and t h e  s i z e  o f  t h e  s i m u l a t e d  s i g n  background. That  i s ,  i t  was f e l t  

p o s s i b l e  t h a t  t h e  l e g i b i l i t y  d i s tances  measured f o r  v a r i o u s  combina- 

t i o n s  o f  background and legend luminance may change if t h e  s i z e  o f  

t h e  s i g n  background were changed. I f  such an i n t e r a c t i o n  does e x i s t  

t h i s  would c o n s t i t u t e  an i m p o r t a n t  e f f e c t  wh ich  must be accounted 

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

I t  seemed most f e a s i b l e  t o  approach t h i s  q u e s t i o n  by means o f  

a r e l a t i v e l y  b r i e f  p i l o t  i n v e s t i g a t i o n ,  comparing t h e  11" x 11" back- 

ground which  was employed i n  t h e  main s tudy ,  w i t h  a much s m a l l e r  

fo rmat .  A 4 "  x 4"  s i z e  frame was s e l e c t e d  f o r  purposes o f  t h i s  t e s t .  

If d i f f e r e n c e s  appeared i n  t h i s  s tudy  then  a more comprehensive 

i n v e s t i g a t i o n  would be war ranted.  

METHOD 

One l e t t e r  s i z e  was used i n  t h i s  i n v e s t i g a t i o n  (50 f t / i n c h  

l e t t e r  h e i g h t  [6m/cm] ) ,  one background c o l o r  (g reen)  and two l e v e l s  

o f  background luminance (10 f t - L  and 0.1 f t - L  [34.3 and 0.34 cd/m2]). 

The two exper imenters  p a r t i c i p a t e d  as s u b j e c t s .  Each s u b j e c t  began 

w i t h  t h e  h i g h  luminance background, and f i n i s h e d  w i t h  t h e  low l u m i -  

nance background. The o r d e r  o f  p r e s e n t a t i o n  o f  t h e  frame s i z e s  was 

changed s y s t e m a t i c a l  l y .  

The genera l  procedure was p r e c i s e l y  t h a t  employed f o r  s u b j e c t s  

i n  t h e  main i n v e s t i g a t i o n  except  t h a t  t e n  t o  twe lve  r e p l i c a t i o n s  were 

made f o r  each combinat ion  o f  c o n d i t i o n s .  

RESULTS 

Tab le  F - 1  summarizes t h e  r e s u l t s  o f  t h e  s tudy.  I n  r e a d i n g  t h i s  

t a b l e  comparisons shou ld  o n l y  be made w i t h i n  c e l l s .  That  i s ,  com- 

pa r i sons  between two s i g n  s i z e s  shou ld  be made o n l y  f o r  a g i v e n  



2 s u b j e c t  and background luminance.  Thus, a t  10  f t .  L  (34 .3  cd/m ) 

s u b j e c t  1 d i d  s l i g h t l y  b e t t e r  o v e r a l l  w i t h  t h e  4"  x 4"  f rame w h i l e  

s u b j e c t  2  d i d  s l i g h t l y  b e t t e r  o v e r a l l  w i t h  t h e  11" x 11" frame. 

The o p p o s i t e  ho lds  t r u e  a t  0 .1  f t - L  (0.34 cd/m2). However, t h e  

a b s o l u t e  magni tude o f  t h e  d i f f e r e n c e s  i s  sma l l  i n  eve ry  case, w i t h  
2 t h e  p o s s i b l e  e x c e p t i o n  o f  t h e  0 .1  f t - L  (0.34 cd/m ) c o n d i t i o n  f o r  

s u b j e c t  1, where t h e  d i f f e r e n c e  i s  on t h e  o r d e r  o f  10%. 

CONCLUSIONS 

The r e s u l t s  o f  t h i s  i n v e s t i g a t i o n  suggest  t h a t  t h e  e f f e c t  o f  

background s i z e  on l e g i b i l i t y  d i s t a n c e  i s  sma l l  o r  non e x i s t a n t .  

The i n v e s t i g a t o r s  ' expe r ience  i n  conduc t ing  t h e  main l a b o r a t o r y  

s t u d y  l eads  them t o  b e l i e v e  t h a t  t h e  amount o f  da ta  c o l l e c t e d  i n  

t h i s  s tudy  wou ld  be s u f f i c i e n t  t o  uncover an e f f e c t  on t h e  o r d e r  o f  

t h e  p r i m a r y  e f f e c t s  d i s c o v e r e d  i n  t h e  main i n v e s t i g a t i o n .  A r e l a -  

t i v e l y  m ino r  e f f e c t  c o u l d  be missed.  
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APPENDIX G 

SURVEY ON CURRENT PRACTICES 
I N  USE OF S I G N I N G  M A T E R I A L S  



SURVEY ON CURRENT PRACTICES IN USE OF 
SIGNING MATERIALS 

INTRODUCTION 

As p a r t  o f  t h e  Phase I e f f o r t  i n  t h i s  i n v e s t i g a t i o n ,  a  survey 

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

s i g n i n g  m a t e r i a l s  i n  t h e  U n i t e d  S t a t e s .  Whi le  such i n f o r m a t i o n  i s  

o f  i n t e r e s t  i n  genera l ,  i t  was hoped t h a t  i n s i g h t s  c o u l d  be gained,  

based on t h e  s u b s t a n t i a l  exper ience o f  t h e  p o l l e d  agencies,  rega rd -  

i n g  t h e  l e v e l s  o f  luminance and c o n t r a s t  r e q u i r e d  f o r  e f f e c t i v e  s i g n  

performance under v a r i o u s  c o n d i t i o n s .  

METHOD 

A q u e s t i o n n a i r e  was prepared which sought  i n f o r m a t i o n  on t h e  

f o l l  owing p o i n t s  : 

1. The t y p e  o f  m a t e r i a l s  c u r r e n t l y  employed i n  s i g n i n g .  

2.  P r a c t i c e s  r e l a t i n g  t o  i 1  l u m i n a t i o n .  

3.  P o l i c i e s  f o r  use o f  d i f f e r e n t  m a t e r i a l s  as a  f u n c t i o n  

o f  s i g n  t y p e  and a p p l i c a t i o n .  

4 .  P r a c t i c e s  r e l a t i n g  t o  i n s p e c t i o n  and maintenance. 

5 .  C r i t e r i a  and methods f o r  r e f u r b i s h i n g  e x i s t i n g  s i g n s .  

6 .  C r i t e r i a  and methods f o r  de te rm in ing  when s igns  have 

weathered t o  t h e  p o i n t  t h a t  t hey  must be rep laced .  

7 .  Exper ience r e l a t i n g  t o  t h e  u s e f u l  l i f e  o f  v a r i o u s  

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

The q u e s t i o n n a i r e  was w r i t t e n  w i t h  t h e  a s s i s t a n c e  o f  t h e  p r o -  

j e c t  c o n s u l t a n t s  and t h e  NCHRP t e c h n i c a l  m o n i t o r .  A  p r e l i m i n a r y  fo rm 

was s e n t  t o  t h r e e  t r a f f i c  eng ineer ing  agencies t o  be f i l l e d  o u t ,  

c r i t i c i z e d  and r e t u r n e d .  Two o f  t h e  t h r e e  agencies d i d  so, and 

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

The f i n a l  v e r s i o n  o f  t h e  survey was m a i l e d  t o  49 t r a f f i c  e n g i -  

n e e r i n g  agencies s c a t t e r e d  th roughou t  t h e  U n i t e d  S ta tes .  I n c l u d e d  

were 39 s t a t e  highway departments and 10 t u r n p i k e  a u t h o r i t i e s .  I n  



a two-month p e r i o d  38 o f  t h e  forms (78%) were re tu rned .  I n  a lmost  

every  i n s t a n c e  t h e  forms which were r e t u r n e d  con ta ined  t h e  d e s i r e d  

i n f o r m a t i o n .  I n  a  v e r y  few cases i tems were over looked by t h e  

respondent o r  ques t ions  were misunderstood.  A copy o f  t h e  survey 

form, a long w i t h  t h e  cover  l e t t e r  which accompanied i t ,  i s  rep ro -  

duced as E x h i b i t  G-1. 

RESULTS 

T h i s  p o r t i o n  o f  Appendix G w i l l  p r e s e n t  an a n a l y s i s  o f  t h e  b a s i c  

data  c o l l e c t e d .  Several  o f  t h e  quest ions e l i c i t e d  comments f rom t h e  

respondents.  These a r e  l i s t e d  i n  d e t a i l  i n  E x h i b i t  6-2. 

M a t e r i a l s  Used. Tab1 e  G - 1  shows t h e  d i s t r i b u t i o n  o f  responses 

t o  a  q u e s t i o n  designed t o  determine t h e  types o f  m a t e r i a l  used and 

t h e i r  r e l a t i v e  p o p u l a r i t y .  A1 1  n i n e  m a t e r i a l  combinat ions 1  i s t e d  i n  

t h e  q u e s t i o n n a i r e  f o r  s igns  employing demountable legends were men- 

t i o n e d  a t  l e a s t  once by t h e  responding agencies . Most agencies 

employed more than one techn ique.  One employed e i g h t  o f  t h e  n i n e  

combinat ions.  However, c e r t a i n  p r a c t i c e s  c l e a r l y  dominate. The 

combinat ions most f r e q u e n t l y  mentioned were b u t t o n  copy on p a i n t  

o r  p o r c e l a i n  enamel and b u t t o n  copy on eng ineer  grade (enc losed l e n s )  

shee t ing .  Four o t h e r  combinat ions were mentioned o n l y  about h a l f  as 

o f t e n  as t h e  f i r s t  two. These were: b u t t o n  copy on h i g h  i n t e n s i t y  

(encapsu la ted l e n s )  shee t ing ,  h i g h  i n t e n s i t y  copy on eng ineer  grade 

shee t ing ,  h i g h  i n t e n s i t y  copy on h i g h  i n t e n s i t y  shee t ing ,  and eng i -  

neer  grade copy on eng ineer  grade shee t ing .  The remain ing t h r e e  

combinat ions were mentioned much l e s s  f r e q u e n t l y .  

A p a r t i c u l a r  m a t e r i a l  combinat ion was d e f i n e d  as "major"  i f  i t  

was used f o r  50% o r  more o f  t h e  s igns  employed by a  g i ven  agency, o r  

was t h e  combinat ion most used f o r  p a r t i c u l a r  types o f  highways, i f  

such a  d i s t i n c t i o n  was made by t h e  agency. Not a l l  agencies responded 

t o  t h e  reques t  f o r  an i n d i c a t i o n  o f  t h e  p e r c e n t  t o  which a  g i ven  

m a t e r i a l  was used. However, o f  those agencies which d i d ,  o n l y  two 

combinat ions were ment ioned more o f t e n  than  t h r e e  t imes .  These were: 



T A B L E  G-1. Frequency With Which Various Signing Material Combinations 
Were Checked as Used by the Agency, Major Use or  
Experimental Only 

' 1 .  Signs with demountable l e t -  
I t e r s ,  symbols or legends: 1 ? 

i 
i I I 

I I 
I 

I Combinations , Used 
1 
! 

I 

1 
1 

Button copy on:  
I 

Paint or porcelain enamel 
(non-reflect i  ve) I 

Major ' Experimental 
use I Use Only 

I 

1 Engineer grade sheeting 24 9 I i 1 
I 

I 

I High in tens i ty  sheeting 2 
I 

High in tens i ty  sheeting I 
copy on : 1 

I 

Paint or  porcelain enamel 6 

Engineer grade sheeting ! 

I 
1 

I copy on: I 

I 
Paint or porcelain enamel 1 4 

Engineer grade sheeting i 13 
I 

I High in tens i ty  sheeting , 13 

3 

3 

i 2 .  Signs with d i rec t  applied 
I l e t t e r s ,  symbols or legends: 

I I 

Engineer grade sheeting j 14 
I 

High in tens i tyshee t ing  1 i 9 
1 

1 

Beads on paint 1 
I 

Engineer grade sheeting 31 
I 

High in tens i ty  sheeting 2 8 
I 

I 
1 

I 
I 

I 

28 1 I 

1 
l o  1 I 



b u t t o n  copy on p a i n t  o r  p o r c e l a i n  enamel and b u t t o n  copy on e n g i -  

n e e r i n g  grade s h e e t i n g .  

A number o f  respondents d e s c r i  bed c e r t a i n  m a t e r i a l  combinat ions  

as e x p e r i m e n t a l .  G e n e r a l l y  t hese  r e f e r e n c e s  were niade t o  h i g h  

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

Wi th  r e f e r e n c e  t o  s i g n s  employ ing d i r e c t  a p p l i e d  l e t t e r s ,  sym- 

b o l s  o r  legends,  shown a t  t h e  bo t tom o f  Tab le  G-1, m a t e r i a l  usage 

was a lmos t  e v e n l y  d i v i d e d  between eng ineer  grade and h i g h  i n t e n s i t y  

s h e e t i n g .  On ly  one o f  t h e  respond ing agencies ment ioned t h e  use o f  

a  beads-on-pa in t  approach t o  t h i s  t y p e  o f  s i g n i n g .  Eng ineer  grade 

s h e e t i n g  was t h e  m a j o r  use f o r  n e a r l y  t h r e e  t imes t h e  number o f  

cases as h i g h  i n t e n s i t y  s h e e t i n g .  

I 1  1  umina t ion .  E i g h t y - t w o  p e r c e n t  o f  t h e  respond ing  agencies 

do n o t  i 11 umi n a t e  r o a d s i d e  s i g n s  , whi 1  e  92% i 11 umi n a t e  overhead 

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

t o  t h e  r e q u e s t  f o r  an i l l u m i n a t i o n  p o l i c y  i s  p r o v i d e d  i n  E x h i b i t  G - 2 .  

There i s  a p p r e c i a b l e  v a r i a t i o n  i n  s i g n  i l l u m i n a t i o n  p o l i c i e s .  

The most  f r e q u e n t  response was t h a t  a l l  overhead s i g n s  a r e  i l l u m i -  

na ted .  However, many agencies d e s c r i b e d  s e l e c t i v e  p o l i c i e s  based on 

t h e  impor tance o f  t h e  s i g n  o r  t h e  environment w i t h i n  wh ich  i t  i s  

1  ocated.  

Pho tomet r i c  S p e c i f i c a t i o n s .  N i n e t y - f i v e  p e r c e n t  o f  t h e  

respond ing  agencies i n d i c a t e d  t h a t  t hey  have p h o t o m e t r i c  spec i  f i c a -  

t i o n s  f o r  s i g n i n g  m a t e r i a l s .  A l l  s u p p l i e d  cop ies  o f  t h e i r  c u r r e n t  

s p e c i f i c a t i o n s .  

Of  t h e  33 agencies wh ich  suppl  i e d  s p e c i f i c a t i o n s  f o r  enc losed 

l e n s  s h e e t i n g ,  18 f o l l o w e d  a  p a t t e r n  used by t h e  3M Company, 11 

f o l l o w e d  t h e  p a t t e r n  used i n  L-S-300-A and 4 used a  p a t t e r n  u n l i k e  

e i t h e r .  For  encapsu la ted l e n s  s h e e t i n g ,  26 agencies supp l  i e d  spec i  - 
f i c a t i o n s  and 20 o f  t hese  f o l l o w e d  t h e  3M p a t t e r n .  

The n e x t  f o u r  q u e s t i o n s  were t o  de te rm ine  whether t h e  agencies 

had e s t a b l i s h e d  d i f f e r e n t  p h o t o m e t r i c  o r  m a t e r i a l  s p e c i f i c a t i o n s  f o r  



s igns  used i n  d i f f e r e n t  a p p l i c a t i o n s .  The responses a r e  l i s t e d  i n  

Tab le  G-2. Apparen t l y  r e l a t i v e l y  few agencies a t tempt  t o  compensate 

f o r  d i f f e r e n t  v i s i b i l i t y  c o n d i t i o n s  by changing s i g n  m a t e r i a l s .  

However, more than  h a l f  t h e  responding agencies i n d i c a t e d  they  use 

d i f f e r e n t  m a t e r i a l s  f o r  d i f f e r e n t  c lasses o f  s i g n s .  Many respon- 

dents i n d i c a t e d  t h a t  they  used h i g h  i n t e n s i t y  shee t ing  f o r  r e d  and 

orange s e r i e s  s igns  ( E x h i b i t  G-2). 

E i g h t y - n i n e  p e r c e n t  o f  t h e  responding agencies i n d i c a t e d  they  

had n o t  conducted any research t o  s e t  pho tomet r i c  s p e c i f i c a t i o n s  

f o r  s i g n i n g  m a t e r i a l s .  O f  t h e  f o u r  agencies r e p l y i n g  i n  t h e  a f f i r -  

ma t i ve ,  one responded i n  a  way i n d i c a t i n g  t h a t  they  may n o t  have 

unders tood t h e  i n t e n t  o f  t h e  q u e s t i o n  and t h e  o t h e r s  e i t h e r  s a i d  

t h a t  t h e  r e p o r t  had n o t  been re leased  o r  s u p p l i e d  no f u r t h e r  

i n f o r m a t i o n .  

Q u a l i t y  C o n t r o l .  S i x t y - t h r e e  p e r c e n t  o f  t h e  agencies i n d i c a t e d  

t h a t  they  d i d  n o t  have pho tomet r i c  f a c i l i t i e s  a v a i l a b l e .  O f  those 

t h a t  d i d ,  71% r a n  pho tomet r i c  checks on m a t e r i a l s  p r i o r  t o  use and 

44% r a n  checks on m a t e r i a l s  which were e i t h e r  i n  use o r  had been 

r e t i r e d  f rom use. 

About h a l f  t h e  responding agencies i n d i c a t e d  t h a t  they  had s i g n  

shops remote t o  t h e i r  c e n t r a l  o f f i c e  and, o f  those,  95% s a i d  t h a t  

these i n d i v i d u a l  shops were r e s p o n s i b l e  f o r  t h e i r  own q u a l i t y  c o n t r o l .  

I n s p e c t i  on. Responses t o  t h e  q u e s t i o n  concern ing i n s p e c t i o n  

were q u i t e  v a r i e d .  F i f t e e n  pe rcen t  o f  t h e  agencies s a i d  they  con- 

ducted month ly  i n s p e c t i o n s ,  5% s a i d  every  t h r e e  months, 20% every  

s i x  months, 33% every  12 months and 27% checked t h e  " o t h e r "  ca tegory .  

A number o f  comments were r e c e i v e d  t o  t h i s  ques t ion .  These a r e  r e p r o -  

duced i n  E x h i b i t  G - 2 .  

It wou ld  seem e s s e n t i a l  t h a t  n i g h t t i m e  i n s p e c t i o n s  be conducted 

i n  o rde r  t o  p r o p e r l y  assess t h e  performance o f  r e t r o r e f l e c t i v e  

m a t e r i a l s .  I n  response t o  a  q u e s t i o n  concern ing t h e  f requency o f  

n i g h t t i m e  i n s p e c t i o n s ,  9% o f  t h e  agencies s t a t e d  t h a t  they  conducted 



TABLE G - 2 .  Percentage o f  Agencies I n d i c a t i n g  Use of  D i f f e r e n t  
S ign ing  M a t e r i a l s  f o r  D i f f e r e n t  A p p l i c a t i o n s  

Appl i c a t i o n  Yes 

' S igns p laced  i n  b r i g h t l y  l i t  surround- 1 / i n g s  as compared w i t h  those p laced  i n  1 

i dark  sur round ings? 1 5% 

I Overhead as compared w i t h  roads ide  
s i g n  i n s t a l l a t i o n s ?  

/ S igns p laced  on d i f f e r e n t  c lasses o f  / highway o r  where d i f f e r e n t  t r a f f i c  

I 
volumes a r e  encountered? 

1 
24% 1 76% 

/ D i f f e r e n t  c lasses o f  s igns  (gu ide ,  
I warn ing and r e g u l a t o r y ) ?  Co lo r  d i f -  
1 fe rences as ide ,  do you use d i f f e r e n t  
I 

I I m a t e r i a l s  (e .g . ,  h i g h  i n t e n s i t y  
: s h e e t i n g )  on some c lasses o f  s i g n  and 
, n o t  o t h e r s ?  



no n i g h t t i m e  i n s p e c t i o n s ,  53% s a i d  t h a t  25% o f  s i g n  i n s p e c t i o n s  were 

c a r r i e d  o u t  a t  n i g h t ,  12'1) s a i d  50'2: o f  i n s p e c t i o n s  were conducted a t  

n i g h t  and 26% s a i d  t h a t  100% o f  t h e i r  s i g n  i n s p e c t i o n s  were c a r r i e d  

o u t  a t  n i g h t .  

I n  respond ing t o  t h e  q u e s t i o n  concern ing t h e  u t i l i t y  o f  p o l i c e  

r e p o r t s  o r  c i t i z e n s  ' comp la in ts ,  about  70% o f  t h e  agencies i n d i c a t e d  

t h a t  they  d i d  n o t  f i n d  e i t h e r  o f  these sources t o  be o f  any h e l p  i n  

i d e n t i f y i n g  worn-out  s i g n s .  

There a r e  a v a i l a b l e  s p e c i a l  dev ices  t o  a i d  i n  t h e  i n s p e c t i o n  o f  

s i g n s .  The n e x t  q u e s t i o n  was designed t o  determine t h e  e x t e n t  t o  

which such devices a r e  employed. O f  t h e  responding agencies,  

however, o n l y  t h r e e  (8%) i n d i c a t e d  t h a t  t hey  make use o f  any k i n d  o f  

o b j e c t i v e  r e f e r e n c e  i n  s i g n  i n s p e c t i o n s .  

Maintenance. Seventy- th ree p e r c e n t  of t h e  respond ing agencies 

i n d i c a t e d  t h a t  t hey  have a  s i g n  c l e a n i n g  program. Four p e r c e n t  o f  

t h e  agencies i n d i c a t e d  t h a t  t hey  c lean  s igns  as o f t e n  as once 

every  t h r e e  months, 16% s a i d  once every  s i x  months, 32% i n d i c a t e d  

t h a t  t hey  c l e a n  s igns  a t  l e a s t  annua l l y ,  w h i l e  48% of  t h e  agencies 

s a i d  they  c l e a n  s igns  "as r e q u i r e d . "  Responses concern ing t h e  b a s i s  

f o r  s i g n  c l e a n i n g  programs a r e  1  i s t e d  i n  E x h i b i t  G-2. I n  genera l ,  

those agencies who checked t h e  "as r e q u i r e d "  box i n d i c a t e d  t h a t  

c l e a n i n g  was based on r e p o r t s  from i n s p e c t i o n s .  

R e f u r b i s h i n g  processes a r e  a v a i l a b l e  wh ich  a r e  i n tended  t o  p r o -  

l o n g  t h e  l i f e  o f  s igns .  F i f t y - e i g h t  pe rcen t  o f  t h e  respond ing 

agencies i n d i c a t e d  t h a t  t hey  used some k i n d  o f  r e f u r b i s h i n g  process 

on a t  l e a s t  some s i g n s .  Th is  i s  g e n e r a l l y  based on v i s u a l  i n s p e c t i o n  

(68% of t h e  response).  The o n l y  o t h e r  response checked a t  a l l  was 

"manufacturers recommendations. " A number o f  agencies checked bo th  

o f  these c a t e g o r i e s .  Comments e l i c i t e d  from t h e  respondents r e g a r d i n g  

t h i s  q u e s t i o n  a r e  summarized i n  E x h i b i t  G-2. 

Replacement. One i m p o r t a n t  b e n e f i t  which may come f rom NCHRP 

3-24 i s  t o  p r o v i d e  an o b j e c t i v e  b a s i s  f o r  de te rm in ing  when s i g n i n g  



m a t e r i a l s  have worn t o  t h e  p o i n t  where they  must be rep laced .  The 

f i r s t  q u e s t i o n  under t h i s  heading sought t o  determine how s i g n s  a r e  

judged ready f o r  replacement a t  p r e s e n t .  Many of  t h e  agencies 

checked more than  one response t o  t h i s  q u e s t i o n .  Seventy- three p e r -  

c e n t  i n d i c a t e d  t h a t  v i s u a l  i n s p e c t i o n  and b e s t  judgment was one way 

o r  t h e  o n l y  way o f  d e t e r m i n i n g  when a  s i g n  was i n  need o f  replacement.  

The n e x t  most f r e q u e n t l y  ment ioned ca tegory  was age. Few responses 

ment ioned t h e  o t h e r  c a t e g o r i e s  . 
The techn iques employed i n  r e p l a c i n g  s igns  a r e  q u i t e  v a r i e d .  

Most o f  t h e  responding agencies checked more than one o p t i o n ,  

u s u a l l y  depending on t h e  s i z e  and l o c a t i o n  o f  t h e  s i g n  o r  t h e  e x t e n t  

t o  wh ich i t  was worn. Near l y  h a l f  o f  t h e  responses (42%) i n d i c a t e d  

t h a t  complete replacement was a t  l e a s t  one o f  t h e  techn iques employed. 

The n e x t  two o p t i o n s  ( o v e r l a y  w i t h  shee t  aluminum and new s i g n  f i l m  

and s t r i p  s i g n  f i l m  and r e a p p l y )  were about  e q u a l l y  o f t e n  checked 

(29 and 24% r e s p e c t i v e l y ) .  The comments r e c e i v e d  t o  t h i s  q u e s t i o n  

and summarized i n  E x h i b i t  G-1. 

The l a s t  q u e s t i o n  i n  t h e  survey sought t o  determine t h e  e f fec -  

t i . v e  l i f e  o f  v a r i o u s  s i g n i n g  m a t e r i a l s  based on t h e  exper ience  o f  

t h e  responding agencies . Responses t o  t h i s  q u e s t i o n  were q u i t e  

v a r i e d  w i t h  r e g a r d  t o  some m a t e r i a l s  and q u i t e  u n i f o r m  as regards 

t o  o t h e r s .  For  example, u s e f u l  l i f e  r e p o r t e d  f o r  e n g i n e e r i n g  grade 

s h e e t i n g  v a r i e d  f rom 3 t o  10 years ,  a l though  t h e  t i m e  most f r e q u e n t l y  

ment ioned was seven years .  On t h e  o t h e r  hand, t h e  combinat ion o f  

b u t t o n s  on p o r c e l a i n  enamel was g e n e r a l l y  checked as l a s t i n g  15 o r  

more y e a r s .  S i m i l a r l y ,  b u t t o n  copy was r e p o r t e d  t o  l a s t  f o r  15 o r  

more years  by most of t h e  agencies responding.  Where h i g h  i n t e n s i t y  

s h e e t i n g  was ment ioned, i t  was u s u a l l y  s t a t e d  t h a t  t h e  agency had 

n o t  had enough exper ience i n  o r d e r  t o  e v a l u a t e  i t s  e f f e c t i v e  l i f e .  

CONCLUSIONS 

The responses t o  t h i s  survey have i n d i c a t e d  a  wide d i v e r s i t y  o f  

m a t e r i a l s ,  a p p l i c a t i o n s  and p h i l o s o p h i e s .  On t h e  one hand, i t  i s  



apparent t h a t  the  agencies i n  quest ion a re  s i n c e r e l y  concerned w i t h  

t h e  problem o f  l e g i b i l i t y  and how bes t  t o  achieve i t .  On the  o the r  

hand, i t  i s  apparent t h a t  t he re  i s  no general  agreement as t o  t he  

bes t  ways t o  b r i n g  about optimum l e g i b i l i t y .  



E X H I B I T  G - 1  

SURVEY FORM and COVER L E T T E R  



HIGHWAY SAFETY RESEARCH INSTITUTE 
In\ t~ t~r t ( .  0 1  <c rcncc a r ~ d  Tcc hnology 

Hirron t ' ' i r l \ ~~ '~y  and Baxter Road 
An t i  Arbor ,  Mrchlgan 48105 

T t iE  UNIVERSITY O F  MICti IGAN 

Dear S i r :  

The AASHTO-sponsored N a t i o n a l  Coope ra t ive  Highway Research 
Program (NCHRP) i s  conduc t ing  P r o j e c t  3-24 "Determine t h e  Luminous 
Requirements o f  R e t r o r e f l e c t i v e  S i g n i n g  M a t e r i a l s . ' '  The purpose  o f  
t h e  p r o j e c t  i s  t o  d e t e r m i n e  upper  and lower  luminance s p e c i f i c a t i o n s  
f o r  r e t r o r e f l e c t i v e  s i g n i n g  m a t e r i a l s  s o  t h a t  t r a f f i c  e n g i n e e r i n g  
a g e n c i e s  can make c o s t - e f f e c t i v e  c h o i c e s  f o r  i n s t a l l a t i o n ,  main te -  
nance and u l t i m a t e  r ep l acemen t  of  r e f l e c t i v e  s i g n s .  Th i s  p r o j e c t  
h a s  been awarded t o  HSRI. 

While i n f o r m a t i o n  of  t h e  t y p e  s o u g h t  under  t h i s  procurement  w i l l  
undoubted ly  b e  of  v a l u e  t o  a g e n c i e s  such  a s  y o u r s ,  t h e  f a c t  remains  
t h a t  b a s i c  q u e s t i o n s  such  a s  what m a t e r i a l s  t o  u s e ,  how o f t e n  o r  
whether  t o  c l e a n  o r  o t h e r w i s e  m a i n t a i n  them, and when t o  r e p l a c e  
them have been d e a l t  w i t h  by t r a f f i c  e n g i n e e r i n g  a g e n c i e s  f o r  some 
time, Over t h e  y e a r s  much i n f o r m a t i o n  must have been accumula ted ,  
based  on e x p e r i e n c e ,  p u b l i c  r e a c t i o n ,  r e s e a r c h  programs and t h e  l i k e  
t o  p r o v i d e  g u i d e l i n e s  f o r  t h e s e  d e c i s i o n s .  We f e e l  t h a t  a  compila-  
t i o n  of  t h i s  i n f o r m a t i o n  would b e  of  v a l u e  n o t  o n l y  i n  h e l p i n g  u s  
p l a n  t h e  r e s e a r c h  t o  b e  c a r r i e d  o u t  under  NCHRP 3-24, b u t  t o  o t h e r  
t r a f f i c  e n g i n e e r i n g  a g e n c i e s  a s  well. To t h a t  end w e  have p r e p a r e d  
t h e  a t t a c h e d  q u e s t i o n n a i r e .  

B a s i c a l l y  t h i s  q u e s t i o n n a i r e  s e e k s  t o  de t e rmine :  (1) t h e  lumi- 
nance l e v e l s  your  agency c u r r e n t l y  s e e k s  i n  p l a n n i n g  new s i g n i n g  
f o r  v a r i o u s  a p p l i c a t i o n s ,  ( 2 )  maintenance c r i t e r i a ,  methods and 
s c h e d u l e s ,  and- ( 3 )  c r i t e r i a  f o r  r ep l acemen t .  We would b e  v e r y  appre-  
c i a t i v e  i f  you o r  someone w i t h  t h e  n e c e s s a r y  i n f o r m a t i o n  would f i l l  
i n  t h e  form and r e t u r n  i t  t o  us  i n  t h e  e n c l o s e d  enve lope .  A l l  
r e s p o n s e s  w i l l  b e  t r e a t e d  a s  c o n f i d e n t i a l  and any i n f o r m a t i o n  r e l e a s e d  
by B S R I  t o  t h e  p u b l i c  w i l l  n o t  i d e n t i f y  a g e n c i e s  by name. 

We r e a l i z e  t h a t  peop le  l i k e  you r e c e i v e  many i n q u i r i e s  such  a s  
t h i s  one and t h a t  t h e y  t a k e  up a  l o t  o f  your  t i m e .  We s i n c e r e l y  
r e g r e t  t h i s  i n t r u s i o n ,  b u t  hope t h a t  you w i l l  s h a r e  your  e x p e r i e n c e  
w i t h  o t h e r s  who can  u s e  it. A copy o f  t h e  r e s u l t s  of  t h i s  su rvey  
w i l l  b e  s e n t  t o  you when t h e  d a t a  have been compiled.  

Thank you very  much, 

Pau l  L.  Olson 
Human F a c t o r s ,  HSRI 



USE OF RETROREFLECTIVE SIGNING MATERIALS 

The Highway S a f e t y  Research I n s t i t u t e  o f  t h e  U n i v e r s i t y  o f  
Michigan ,  a s  p a r t  o f  AASHTO-sponsored p r o j e c t  NCHRP 3 - 2 4  h a s  
p r e p a r e d  t h i s  q u e s t i o n n a i r e  i n  an e f f o r t  t o  d e t e r m i n e  what r e t r o -  
r e f l e c t i v e  s i g n i n g  m a t e r i a l s  a r e  u sed  c u r r e n t l y  by your  agency ,  
someth ing  abou t  your  i n s p e c t i o n  and main tenance  p r o c e d u r e s  and 
now you d e t e r m i n e  when a m a t e r i a l  h a s  degraded  t o  t h e  p o i n t  where 
it must be  r e p l a c e d .  We a r e  concerned  w i t h  a l l  t y p e s  o f  s i g n s  
( g u i d e ,  warn ing ,  r e g u l a t o r y )  employing r e f l e c t i v e  t r e a t m e n t s .  

~ o s t  of t h e  q u e s t i o n s  can b e  answered by check ing  an appro-  
p r i a t e  box. I n  some c a s e s  a d d i t i o n a l  i n f o r m a t i o n  may b e  n e c e s s a r y .  
Some s p a c e  h a s  been p rov ided  where w r i t t e n  comments a r e  c a l l e d  
f o r .  I f  t h e  s p a c e  i s  n o t  adequa te  o r  i f  you wish  t o  make comments 
on o t h e r  q u e s t i o n s  s imp ly  add s h e e t s  a s  r e q u i r e d .  

P l e a s e  f i l l  i n  your  name, t h e  name of  your  agency ,  and o t h e r  
i n f o r m a t i o n  as r e q u e s t e d  below b e f o r e  s t a r t i n g  t o  work on t h e  
q u e s t i o n n a i r e .  

Thank you v e r y  much, 

P a u l  L .  Olson 
Human F a c t o r s ,  HSRI 
Huron Parkway a t  B a x t e r  Rd. 
Ann Arbor ,  Mich. 48105 
(313)  764-4158 

Your name 
( 1 

T i t l e  Telephone 

Department Agency 

C i t y  S t a t e  z i p  

Note: T h i s  m a t e r i a l  w i l l  b e  t r e a t e d  a s  c o n f i d e n t i a l .  I n f o r m a t i o n  
r e l e a s e d  by HSRI w i l l  n o t  i d e n t i f y  s p e c i f i c  a g e n c i e s .  
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NEW SIGNS 

The pu rpose  o f  t h i s  s e c t i o n  i s  t o  d e t e r m i n e  what m a t e r i a l s  you 
a r e  c u r r e n t l y  u s i n g  f o r  new r e t r o r e f l e c t i v e  s i g n s  ( i n c l u d i n g  
new m a t e r i a l  used t o  r e s t o r e  o l d  s i g n s ) .  

A. C o n s t r u c t i o n :  

1. S i g n s  w i t h  demountable  l e t t e r s ,  symbols o r  l egends :  
( P l e a s e  check t h e  a p p r o p r i a t e  box o r  boxes below. I f  
you u s e  more t h a n  one t y p e  o f  c o n s t r u c t i o n ,  p l e a s e  
i n d i c a t e  t h e  approximate  p e r c e n t  o f  e a c h  n e x t  t o  t h e  
a p p r o p r i a t e  boxes . )  

a .  Bu t ton  copy on: 

P a i n t  o r  p o r c e l a i n  enamel ( n o n - r e f l e c t i v e )  

Engineer  Grade S h e e t i n g  

High I n t e n s i t y  S h e e t i n g  

b. High I n t e n s i t y  s h e e t i n g  copy on:  

P a i n t  o r  p o r c e l a i n  enamel 

Engineer  g r a d e  s h e e t i n g  

High i n t e n s i t y  s h e e t i n g  

c .  Eng inee r  g rade  s h e e t i n g  copy on: 

P a i n t  o r  p o r c e l a i n  enamel 

Eng inee r  g r a d e  s h e e t i n g  

High i n t e n s i t y  s h e e t i n g  

2 .  S i g n s  w i t h  d i r e c t  a p p l i e d  l e t t e r s ,  symbols o r  l e g e n d s :  
(The same i n s t r u c t i o n s  a p p l y  h e r e  a s  i n  q u e s t i o n  1.) 

a ,  Beads on p a i n t  

b. Eng inee r  g r a d e  s h e e t i n g  

c .  High i n t e n s i t y  s h e e t i n g  
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I. NEW SIGNS (Continued) 

I l l u m i n a t i o n :  

Do you provide  e x t e r n a l  i l l u m i n a t i o n  i n  
any c a s e s  f o r :  

Roadside s i g n s  

Overhead s i g n s  

I f  your response  was "yes"  t o  e i t h e r  type  
of  s i g n ,  p l e a s e  d e s c r i b e  your s i g n  i l l u m i -  
n a t i n g  p o l i c y .  

C. R e f l e c t i v e  I n t e n s i t y :  

Yes No 

1. Do you have photometr ic  s p e c i f i c a t i o n s  f o r  
s i g n i n g  m a t e r i a l s ?  ( I f  yes ,  p l e a s e  de- 
s c r i b e ,  o r  p rov ide  a copy o r  d a t e d  r e f e r -  
ence)  . 

2 .  Do you have d i f f e r e n t  photometr ic  o r  m a t e r i a l  
s p e c i f i c a t i o n s  f o r :  

a .  Overhead a s  compared wi th  r o a d s i d e  s i g n  
i n s t a l l a t i o n s ?  0 

b.  Signs  p laced i n  b r i g h t l y  lit surround- 
i n g s  a s  compared wi th  t h o s e  p laced  i n  
dark surroundings?  0 

c .  S igns  p laced on d i f f e r e n t  c l a s s e s  of 
highway o r  where d i f f e r e n t  t r a f f i c  
volumes a r e  encountered? 0 

d .  D i f f e r e n t  c l a s s e s  of s i g n s  (gu ide ,  
warning and r e g u l a t o r y ) ?  Color  d i f -  
f e r e n c e s  a s i d e ,  do you use  d i f f e r e n t  
m a t e r i a l s  ( e .  g ,  high i n t e n s i t y  s h e e t i n g )  0 
o r  some c l a s s e s  of s i g n  and n o t  o t h e r s ?  

page 3 of 8 



I .  NEW S I G N S  (Continued) 

Yes No 

If your answer t o  any of  t h e  above was y e s ,  
p l e a s e  d e s c r i b e  t h e  s p e c i f i c a t i o n s ,  u n l e s s  
a l r e a d y  d e s c r i b e d  i n  your answer t o  ques- 
t i o n  C . l .  

3 .  Has your agency conducted r e s e a r c h  t o  set 
d e s i r a b l e  photometr ic  s p e c i f i c a t i o n s  f o r  
s i g n i n g  m a t e r i a l s ?  (If y e s ,  p l e a s e  pro- 
v i d e  a  copy o r  d a t e d  r e f e r e n c e . )  

D. Q u a l i t y  Cont ro l :  

1. Does your agency o p e r a t e  o r  c o n t r a c t  w i t h  a  
photometr ic  l a b o r a t o r y  f o r  checking mate- 
r i a l s ?  (If no, s k i p  t o  q u e s t i o n  4 .  ) 

2 .  Do you run  photometr ic  checks  on m a t e r i a l s  
p r i o r  t o  use?  

3 .  Do you run photometr ic  checks on m a t e r i a l s  
which a r e  o r  have been i n  use?  

4 .  Does your agency o p e r a t e  s i g n  shops remote 
t o  your c e n t r a l  o f f i c e  which make and/or  
r e f u r b i s h  s i g n s ?  

5. I f  your answer t o  q u e s t i o n  4 was y e s ,  a r e  
t h e s e  i n d i v i d u a l  shops r e s p o n s i b l e  f o r  
t h e i r  own q u a l i t y  c o n t r o l ?  
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11. INSPECTION 

A. Frequency: 

1. About how o f t e n  a r e  s i g n s  i n s p e c t e d  by your agency? 

l lonthly 

Every 3 months 

Every 6 months 

Every 1 2  months 

Other  ( p l e a s e  e x p l a i n )  

2 .  About what p e r c e n t  of t h e s e  i n s p e c t i o n s  a r e  made a t  n i g h t ?  

0% 

25% 

50% 

75% 

1 0 0 %  

3.  Has your agency found e i t h e r  o f  t h e  fo l low-  Yes No 
i n g  s o u r c e s  t o  be a s i g n i f i c a n t  a i d  i n  iden-  
t i f y i n g  worn o u t  s i g n s ?  

P o l i c e  r e p o r t s  

C i t i z e n  compla in t s  0 
B. Equipment: 

1. Do you make use  o f  any s p e c i a l  equipment f o r  
i n s p e c t i o n  (e .g.  photometers ,  r e f l e c t i v i t y  
s t a n d a r d s )  ? 

2 .  I f  y e s ,  p l e a s e  l i s t  t h e  equipment you a r e  
us ing :  
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111. MAINTENANCE 

A. Cleaning: 

1. Does your agency carry out a sign cleaning 
program? 

2 .  If yes, what is the approximate interval 
between cleanings? 

3 months 

6 months 

12 months 

24 months 

As required (Please describe 
how this is determined) 

B. Refurbishing: 

1. Do you employ any refurbishing process 
(e.g. Clear Coating) ? 

2. If yes, how do you decide when to refurbish? 

Manufacturer's recommendation 

Visual inspection 

Photometric data (please give 
minimum specifications). 

Yes 
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IV. REPLACEMENT 

S i g n s  may be r e p l a c e d  f o r  many reasons .  B a s i c a l l y  w e  a r e  h e r e  
concerned w i t h  s i g n s  which "wear o u t , "  i . e .  l o s e  t h e i r  e f f e c -  
t i v e n e s s  through d e g r a d a t i o n  o r  f a i l u r e  of t h e  r e t r o r e f l e c t i v e  
m a t e r i a l .  The term "replacement"  means r e s t o r a t i o n  o f  t h e  mes- 
sage  a r e a  w i t h  new m a t e r i a l ,  i t  does  n o t  n e c e s s a r i l y  r e l a t e  t o  
t h e  s u p p o r t  s t r u c t u r e .  

1. How do you de te rmine  t h a t  a s i g n  has  worn t o  t h e  e x t e n t  
t h a t  it must be r e p l a c e d ?  

Photometr ic  performance ( P l e a s e  l i s t  
minimum a c c e p t a b l e  l e v e l s )  

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

V i s u a l  i n s p e c t i o n  and b e s t  judgment 

Age 
Other  ( p l e a s e  d e s c r i b e )  

2 .  When a s i g n  i s  determined t o  be i n  need o f  r ep lacement ,  
what approach i s  t aken?  

Complete Replacement 

Overlay w i t h  s h e e t  aluminum and 
new s i g n  f i l m  

S t r i p  s i g n  f i l m  and re-apply  

Other  ( p l e a s e  d e s c r i b e )  
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IV. REPLACEMENT (Continued) 

3 .    bout how many y e a r s  o f  l i f e  have you been g e t t i n g  from 
your s i g n s ?  (On t h e  l e f t ,  l i s t  t h e  t y p e s  o f  r e t r o r e f l e c t i v e  
t r e a t m e n t s  you use  a s  d e s c r i b e d  i n  P a r t  I and then  check t h e  
average  y e a r s  of u s e f u l  l i f e  they  have been p r o v i d i n g . )  

T h i s  i s  t h e  end of  t h e  q u e s t i o n n a i r e .  P l e a s e  check t o  be s u r e  
t h e  t o p  s h e e t  has  been f i l l e d  i n  comple te ly  and t h a t  a l l  r e l e v a n t  
q u e s t i o n s  have been answered. 

A s e l f - a d d r e s s e d ,  stamped envelope  has  been s u p p l i e d  t o  r e t u r n  
t h e  q u e s t i o n n a i r e  t o  us .  

Thank you ve ry  much. 
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E X H I B I T  G - 2  

L I S T I N G  OF WRITTEN RESPONSES TO VARIOUS QUESTIONS 



ILLUMINATION POLICIES 

A1 1 overhead n o r m a l l y  i 11 uminated.  

Roadside - s p e c i a l  cases o n l y .  Overhead - a l l  new c o n s t r u c t i o n  
i f  power i s  f e a s i b l e .  Adding f e a t u r e  as funds a l l o w .  

A1 1 overhead. 

G e n e r a l l y  i 11 umi n a t i o n  p r o v i d e d  on p r i m a r y  d i r e c t i o n a l  s i g n s ,  
e i t h e r  ground o r  overhead. 

I 1  l u m i n a t e  o n l y  overhead g u i d e  s i g n s  on f u l l y  i l l u m i n a t e d  
f reeways.  

No i l l u m i n a t i o n .  

I 1  1 umi n a t e  a1 1 overhead s i g n s  . 
A1 1 overhead s i g n s  a r e  i 11 uminated.  

A l l  overhead s i g n s  a r e  i l l u m i n a t e d  where t h e r e  i s  no a rea  
l i g h t i n g  un less  area l i g h t i n g  i s  sodium vapor,  i n  wh ich  case 
t h e  s i g n s  a r e  l i g h t e d .  

Overhead s i g n s  i n  t o 1  1 p laza ,  approaches and e x i t s .  

A1 1 overhead s i g n s .  

Overhead s i g n s  l i g h t e d  i f  road  i s  l i g h t e d .  

A l l  overhead s i g n s .  

90% o f  overhead i 1 1 umi na ted .  

Roadside s i g n s  mounted a t  overhead h e i g h t .  

Overhead i 11 uminated a t  i n te rchanges .  H igh  i n t e n s i t y  w i  11 
n o t  be i 1 lum ina ted .  

A1 1 overhead s i g n s  on f reeways a r e  i l l u m i n a t e d .  

Overhead il l u m i n a t e d  o n l y  i n  h i g h l y  u rban ized  areas.  

Roadside - s p e c i a l  cases o n l y  - Overhead - a l l  i l l u m i n a t e d .  

Overhead i l l u m i n a t e d  when roadway i s  i l l u m i n a t e d .  

A1 1 overhead i n t e r s t a t e  s i g n s  i 11 umi nated.  

A1 1 overhead a r e  i 11 umi nated.  

A l l  overhead excep t  "commercial des ign  spans." A l l  roadways w i t h  
adverse geomet r i c  o r  o p e r a t i o n a l  c o n d i t i o n s  (overhead o n l y ) .  

A1 1 overhead and s e l e c t e d  ground mounts f o r  1 and s e r v i c e  roads,  
p r i m a r i l y  a t  t r a f f i c  c i r c l e s  a r e  l i t .  

A1 1 overhead s i g n s  a r e  1 i g h t e d  when p r a c t i c a l .  



I l l u m i n a t i o n  - c o n t i n u e d  

26. A1 1 overhead a r e  i 1 lum ina ted .  

27. A l l  overhead a r e  i l l u m i n a t e d ,  few ground mounts. 

28. None i 1 1 umi na t e d .  

29. A l l  overhead a t  e x i t  gores on main 1 i n e .  

30. Many overhead i n  New York c i t y  a r e  l i g h t e d .  Only i n  s p e c i a l  
c i rcumstances w i l l  s i gns  i n  r e s t  o f  s t a t e  be l i g h t e d .  

31. A1 1 overhead a r e  1 i g h t e d .  

32. A1 1 overhead a r e  i 11 uminated (use opaque backgrounds).  

33. A l l  overhead i l l u m i n a t e d .  Roadside s igns  sometimes when they  
i n c l u d e  f l a s h i n g  l i g h t s  o r  when sur round l i g h t  l e v e l s  a r e  h i g h .  

34. A l l  overhead a r e  i l l u m i n a t e d .  

POLICIES RELATING TO USE OF DIFFERENT MATERIALS 
FOR DIFFERENT APPLICATIONS 

1 .  H igh i n t e n s i t y  l i m i t e d  t o  i n t e r s t a t e  s i g n i n g  c o n t r a c t s  and 
s p e c i a l  n o n - i  11 uminated overhead s i g n s .  

2. H igh i n t e n s i t y  background used on s e l e c t i v e  r o u t e  marker and 
wrong way s i g n s  and a1 1 do n o t  e n t e r  s igns .  Otherwise e n g i -  
n e e r i  ng grade.  

3. B u t t o n  copy on n o n - r e f l e c t i v e  used f o r  e x t e r n a l l y  i l l u m i n a t e d  
overhead gu ide  s i g n s .  B u t t o n  copy and e n g i n e e r i n g  grade used 
on a l l  o t h e r  f reeway gu ide  s i g n s .  High i n t e n s i t y  used f o r  a l l  
s i g n s  w i t h  a r e d  background. Eng ineer ing  grade f o r  a l l  e l s e .  

4. B u t t o n  copy on ma jo r  gu ide  s igns .  Eng ineer ing  copy and back- 
grounds on r e g u l a t o r y ,  warn ing and m ino r  gu ide  s i g n s .  Eng i -  
n e e r i n g  background on some ma jo r  gu ide  s i g n s .  

5.  I n t e r s t a t e  highway s igns  do n o t  have r e f 1  e c t i v e  backgrounds. 
Some orange warn ing  s igns  use h i g h  i n t e n s i t y  f o r  h i g h e r  n i g h t  
t r a f f i c  volumes. 

6 .  High i n t e n s i t y  s h e e t i n g  f o r  orange c o n s t r u c t i o n  and maintenance 
and some overhead s i g n s .  

7. H igh  i n t e n s i t y  used f o r  ( 1 )  orange c o n s t r u c t i o n  and maintenance 
s i g n s .  ( 2 )  A1 1 r e d  background s i g n s .  ( 3 )  R a i l r o a d  warn ing 
s i g n s .  ( 4 )  School s igns  and school  c h i l d r e n  c r o s s i n g  s i g n s .  
( 5 )  A l l  r o u t e  markers f o r  i n t e r s t a t e  use, i n c l u d i n g  c ross road  
s i g n i n g .  ( 6 )  A1 1 r o u t e  markers f o r  f reeway and expressway s i g n i n g .  



Use o f  D i f f e r e n t  M a t e r i a l s  - Continued 

Overhead s igns  - w h i t e  p o r c e l a i n  backgrounds w i t h  b l a c k  
l e t t e r s  ( l i g h t e d ) .  

High i n t e n s i t y  used f o r  h i g h  hazard, c o n s t r u c t i o n  o r  warning.  

High i n t e n s i t y  s p e c i f i e d  f o r  a l l  " r e d  s e r i e s "  s igns .  

High i n t e n s i t y  used on c o n s t r u c t i o n  warning s igns  and r e g u l a -  
t o r y  s igns  which have r e d  on them. 

High i n t e n s i t y  used on i n t e r s t a t e  s igns .  Otherwise used f o r  
s p e c i f i c  s igns  and c e r t a i n  t y p e  l o c a t i o n s  b u t  n o t  f o r  an 
e n t i r e  c l a s s  o f  s igns .  

Secondary road  warning s igns  i n  low d e n s i t y  areas a re  f a b r i -  
ca ted  u s i n g  open lens  r e f l e c t i v e  p a i n t .  

A l l  i l l u m i n a t e d  overheads have p a i n t e d  faces.  Use h i g h  i n t e n -  
s i  t y  f o r  gu ide s igns  and r e d  s e r i e s  r e g u l a t o r y  s igns .  

Recent program t o  use h i g h  i n t e n s i t y  on y i e l d  s igns  i s  i n  p ro -  
gress.  

Guide s igns - h i g h  i n t e n s i t y ,  r e g u l a t o r y  and warning s igns  - 
eng ineer ing  grade, s e r v i c e  s igns  - bo th .  

For f u t u r e  new c o n s t r u c t i o n  h i g h  i n t e n s i t y  m a t e r i a l s  w i l l  be 
s p e c i f i e d  f o r  a l l  s igns  except  those w i t h  w h i t e  background 
and gu ide s i g n  backgrounds. Changes t o  l a t t e r  under cons id -  
e r a t i o n .  

Overhead s igns  a r e  p o r c e l a i n  enamel. Freeway gu ide s igns  
a re  r e q u i r e d  t o  have h i g h  i n t e n s i t y  copy w i t h  eng ineer ing  
grade background. 

POLICIES RELATING TO INSPECTION 

Cont i  nuous i n s p e c t i o n  program d u r i n g  r o u t i n e  maintenance 
opera t ions  and r e p a i r  work. 

A d d i t i o n a l  dayt ime i n s p e c t i o n s  a r e  made on an i n f o r m a l  b a s i s .  

Every 12 months i s  minimum. Maintenance personnel  p r o v i d e  
d a i l y  o v e r a l l  i n s p e c t i o n  capabi 1  i t y .  

Minimum every 12 months a t  n i g h t .  A d d i t i o n a l  random i n s p e c t i o n  
d u r i n g  day as t i m e  and o p p o r t u n i t y  p e r m i t .  

I n s p e c t i o n  made i n  c o n j u n c t i o n  w i t h  t r i p s  f o r  o t h e r  purposes 
and vary  i n  i n t e r v a l .  



Policies Relating t o  Inspection - Continued 

Inspected by maintenance personnel. A lo t  on scheduled basis. 

General ly done by head of f i  ce personnel whi 1 e travel i ng in 
the f ie ld .  

Every six months and continuous inspection by sign crews 
supervisors and  engineers. 

Incorporated with their  sign instal la t ions.  

Inspections a l l  informal. Maintenance foreman are responsible 
for constantly inspecting signs in their  d i s t r i c t .  

Every six weeks or less .  

Districts are on 7-8 year replacement program. 

Continual with no reports within each of 4 regions. 

Routine inspection program not  yet operational. Random 
inspection made. 

No formal inspection schedules are established. 

Every 1 2  months and constantly checked during routine t ravel .  

Monthly for  urban. Six months for rural .  

POLICES R E L A T I N G  TO C L E A N I N G  

Hope t o  reduce from 1 2  to  6 m o n t h  intervals. 

Periodic program for a l l  signs needing cleaning in the f a l l  
a n d  spring of each year. 

On basis of scheduled t r a f f i c  control devices, inspections 
are performed a t  6 or 1 2  m o n t h  intervals.  

Based on inspections. 

Based on inspections . 
( n o  program) Need i s  recognized. Manpower not  avai lable. 

Based on inspections. However sign cleaning i s  a low prior i ty .  

By day and night visual inspection reports. 

Varies with d i s t r i c t .  I n  major metropolitan area i t  i s  done 
twice a year by contract. Other areas once a year by contract 
or as necessary by department f ie ld  forces. 

No routine program - as necessary. Due t o  cutback l i t t l e  has 
been done in past year. 



P o l i c i e s  R e l a t i n g  t o  C lean ing  - Cont inued 

Most a r e  c leaned on 12 month b a s i s  b u t  some a r e  c leaned  a t  
6 months as p e r m i t t e d  by manpower r e q u i  rements and weather .  

V a r i e s  w i t h  each d i s t r i c t .  

As r e q u i r e d  - determined by v i s u a l  i n s p e c t i o n .  Number o f  
t imes s i g n s  a r e  c leaned d u r i n g  f a 1  1, w i n t e r  and s p r i n g  i s  
determined by  how d i r t y  t h e  s i g n s  g e t  due t o  snow and i c e .  

Every 3 months as determined by a  v i s u a l  i n s p e c t i o n .  

V a r i e s  depending on c o n d i t i o n s .  V i s u a l  d e t e r m i n a t i o n  o r  need. 

Four y e a r  program. 

Some c l e a n i n g  i s  done b u t  n o t  on a  complete s y s t e m a t i c  b a s i s .  

When t i m e  p e r m i t s .  I n t e n t  t o  c l e a n  eve ry  12 months, however 
t h i s  i s  n o t  a lways accompl ished.  

Based on f i e l d  i n s p e c t i o n s  ( a f t e r  i nc lemen t  weather c o n d i t i o n s  , 
e t c . ) .  

Depends on manpower and budget  - n o t  a lways f o l l o w e d .  

POLICIES RELATING TO REFURBISHING 

Up t o  d i v i s i o n s  as t o  when they  have t h e  money t o  do i t .  
Based on need. 

P a i n t e d  s i g n s  - p a s t  p o l i c y  t o  r e f u r b i s h  by p a i n t i n g  back- 
grounds.  P a i n t e d  s i g n s  a r e  be ing  phased o u t .  C l e a r  c o a t i n g  
has n o t  been a  s u c c e s s f u l  f i e l d  o p e r a t i o n .  

Signs a r e  c l e a r  coa ted  i n  shops o r  j u s t  a f t e r  p lacement i n  
t h e  f i e l d .  No w r i t t e n  p o l i c y .  Some d i s t r i c t s  do f i e l d  c l e a r  
c o a t  i n  an e f f o r t  t o  g e t  a d d i t i o n a l  l i f e .  

Set  f o u r  y e a r  program. 

C l e a r  c o a t i n g  m in ima l  , u s u a l l y  r e p l a c e  o r  o v e r l a y .  

L i m i t e d  use o f  c l e a r  c o a t i n g .  

Not p r a c t i c e d  by a l l  d i s t r i c t s .  

C l e a r  c o a t i n g  has n o t  worked o u t .  



EXPERIENCE CONCERNING USEFUL LIFE OF 
VARIOUS MATERIALS 

Engineer ing grade - 4 years .  

Engineer ing grade w i t h  c l e a r  c o a t  a t  3-4 years  - 6 years .  

B u t t o n  copy on Engineer ing grade - 10 t o  12 years .  
High I n t e n s i t y  copy on Engineer ing grade - n o t  enough exper ience.  
Engineer ing grade copy on Engineer ing grade - 7 t o  10 years ,  

Bu t ton  copy on baked enamel - 15 years .  
B u t t o n  copy on Engineer ing grade - 8 y e a r s .  
Bu t ton  copy on High I n t e n s i t y  - t o o  e a r l y  t o  t e l l .  
High I n t e n s i t y  copy on High I n t e n s i t y  - t o o  e a r l y  t o  t e l l  
( o n l y  1  y e a r ) .  

Bu t ton  copy on p o r c e l a i n  - more than 15 years .  
Eng ineer ing  grade copy on Engineer ing grade - 6 years .  

Engineer ing grade - 6 years .  
P o r c e l a i n  enamel - o l d e s t  15 years  - n o t  worn o u t  y e t .  
High I n t e n s i t y  - 7  years  on mid-60 's  m a t e r i a l ,  o t h e r  m a t e r i a l  
a v a i l a b l e  now. 
Bu t ton  copy - o l d e s t  17 years  - some bad, o t h e r s  good. 

I n s u f f i c i e n t  data .  

But tons on p o r c e l a i n  - 10 years .  
Engineer ing grade - 5 y e a r s .  
A l l  H igh I n t e n s i t y  a p p l i c a t i o n s  - no da ta  y e t .  

Average f o r  a l l  types - 10 years .  

Engineer ing grade - as long  as 10 years .  

Engineer ing grade - 7 t o  10 years .  

Guide s igns  ( p a i n t e d )  5  years .  
Warning and r e g u l a t o r y  (eng ineer ing  grade) 7 years .  

Engineer ing grade - 10 years .  
High I n t e n s i t y  - n o t  enough t ime.  

Road 10 years  o l d  - most s igns  s t i l l  OK ( p o r c e l a i n  and High 
I n t e n s i t y )  . 
Engineer ing grade - 8 years .  
High I n t e n s i t y  i n  p lace  s i n c e  1968, s t i l l  OK.  

Eng ineer ing grade - 6  t o  10 years .  
But tons more than 15 years .  
High I n t e n s i t y  copy 12 years .  H igh I n t e n s i t y  Background - 10 
years .  



U s e f u l  L i f e  - Cont inued 

B u t t o n  copy - more than  15 y e a r s .  
Eng inee r ing  grade - 5  t o  9 y e a r s .  
H igh  I n t e n s i t y  - n o t  y e t  known. 
P o r c e l a i n  - more than  15 y e a r s .  

B u t t o n  copy on p o r c e l a i n  - 15 y e a r s .  
B u t t o n  copy on Eng inee r ing  grade - 5  t o  6 yea rs .  
B u t t o n  copy on H igh  I n t e n s i t y  - 5  y e a r s .  
Eng inee r ing  grade on e n g i n e e r i n g  grade - 5 t o  7 y e a r s .  
D i r e c t  a p p l i e d  on e n g i n e e r i n g  grade - 6 t o  7 y e a r s .  

Eng ineer  grade s h e e t i n g  - 5  t o  7  y e a r s .  

Eng ineer  grade - 8 y e a r s .  
H igh  I n t e n s i t y  - n o t  enough expe r ience .  

Eng ineer  g rade - 7 t o  10 y e a r s .  

B u t t o n  on Eng inee r ing  grade - 10 y e a r s .  
H igh  I n t e n s i t y  on Eng inee r ing  grade - s t a r t e d  1972 - expec t  
12 t o  15 y e a r s .  
E n g i n e e r i n g  grade on e n g i n e e r i n g  grade - 7 yea rs .  
Eng inee r ing  grade on p a i n t  - 7 y e a r s .  
B u t t o n  on p a i n t  - 10 y e a r s .  

B u t t o n  copy - more t h a n  15 y e a r s .  
Eng inee r ing  grade copy - 7 y e a r s .  
H igh  I n t e n s i t y  - 8 y e a r s  (expe r imen ta l  s i g n s ) .  

B u t t o n  on p a i n t  - 5  y e a r s .  
B u t t o n  on Eng inee r ing  grade - 8 y e a r s .  
Eng inee r ing  grade - 6 y e a r s .  
H igh  I n t e n s i t y  - has n o t  been i n  p l a c e  l o n g  enough. 

R e f l e c t i v e  p a i n t  - 5 y e a r s .  
Eng inee r ing  grade - 7 y e a r s .  
H igh  I n t e n s i t y  - n o t  enough expe r ience .  

B u t t o n  copy - 12 y e a r s .  
Eng inee r ing  grade - 7 y e a r s .  

Copy - 10 y e a r s ,  p a i n t e d  enamel f a c e  - 8 t o  9 y e a r s .  
"Cameo" - 12 y e a r s  a n t i c i p a t e d  minimum. 
Eng inee r ing  grade - 7 y e a r s .  
H igh  I n t e n s i t y  - 10 y e a r s  a n t i c i p a t e d .  

Eng inee r ing  grade - 5 t o  7 y e a r s .  
Bu t tons  and p o r c e l a i n  - 15 y e a r s .  

P a i n t  - 15 y e a r s .  
Eng ineer  grade - 7 y e a r s .  



Useful Life - Continued 

30. Engineer grade - 7 years. 
H i g h  Intensity - not enough experience. 

31. Clear coat - 12 years. 
32.  Some signs in service 10 years or so b u t  because of b u t t o n  

copy are s t i l l  pretty effective.  
33. Not enough data. 
34.  Buttons on porcelain - OK a f te r  8 years. 

High Intensity - OK a f te r  3 years. 
Engineer grade - 6 years. 

35.  B u t t o n  on porcelain - 15  years. 
High Intensity - under experimentation. 
Engineer grade - 5 t o  6 years. 

36. B u t t o n  on Engineer grade - 7 years. 
B u t t o n  on HINAC - 12 years (most replaced for other reasons 
a n d  H I N A C  s t i l l  g o o d ) .  
High Intensity on Engineer grade - 7 years. 
High Intensity on H I N A C  - 10 years ( s t i l l  in use). 
High Intensity - 10 years ( s t i l l  in use). 
Engineer grade - 7 years. 

37. Engineer grade - 3 t o  9 years. 
High Intensity - n o t  enough experience. 
Porcelain enamel - more than 15 years. 








