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II 

This Technical Report has been prepared by CIE Technical Committee 4-05 of 
Division 4 Lighting and Signalling f o r  Transport and has been approved by the 
Council of the Commission Internationale de 1'Eclairage f o r  study and appli- 
cation. The document reports  on current knowledge and experience within the 
specific field of light and lighting described, and is intended to be used by 
the CIE membership and other interested parties. It should be noted, however, 
that the status of this document is advisory and not mandatory. The latest CIE 
proceedings or Journal should be consulted regarding possible subsequent 
amendments. 

Ce rapport technique a été préparé par le Comité Technique CIE 4-05 de la 
Division 4 Eclairage et Signalisation pour les Transports et a été approuvé 
par le Conseil de la Commission Internationale de l'Eclairage, pour étude et 
application. Le document traite des connaissances courantes et de Ilexpérience 
dans le domaine spécifique indiqué de la lumiére et de l'éclairage, et il est 
établi pour l'usage des membres de la CIE et autres groupements intéressés. I1 
faut cependant noter que ce document est indicatif et non obligatoire. Pour 
connaitre d'éventuels amendements, consulter les plus récents comptes rendus 
ou le Journal de la CIE. 

Dieser Technische Bericht ist vom CIE-Technischen Komitee 4-05 der Division 4 
Beleuchtung und Signale fur den Verkehr ausgearbeitet und vom Rat der Com- 
mission Internationale de 1'Eclairage gebilligt worden. Das Dokument berichtet 
Über den derzeitigen Stand von Wissen und Erfahrung in dem behandelten Geb5et 
von Licht und Beleuchtung; es ist zur Verwendung durch CIE-Mitglieder und 
durch andere Interessierte bestimmt. Es sollte jedoch beachtet werden, daß das 
Dokument eine Empfehlung und keine Vorschrift ist. Die neuesten CIE- 
Tagungsberichte oder das neueste CIE-Journal sollten im Hinblick auf mögliche 
spätere Änderungen zu Rate gezogen werden. 

Any mention of organisations or products does not imply endorsement by 
the CIE. Whilst every care has been taken in the compilation of any 
lists, up to the time of going to press, t hese  may not be comprehensive. 

Toute mention d'organisme ou de produit n'implique pas une préférence de 
la CIE. Malgré le soin apporté 6 la compilation de tous les documents 
jusqu'à la mise sous presse, ce travail ne saurait être exhaustif. 

aie Erwähnung von Organisationen oder Erzeugnissen bedeutet keine 
Billigung durch die CIE. Obgleich große Sorgfalt bei der Erstellung von 
Verzeichnissen bis zum Zeitpunkt der Drucklegung angewendet wurde, ist 
es möglich, daß diese nicht vollständig sind. 

0 CIE 1988 
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III 

FOREWORD 

During i t s  meeting i n  B r u s s e l s  (Apr i l  9-10, 19811, CIE  Technical 
Committee 1.6, Visual S i g n a l l i n g ,  appointed a subcommittee nSignsit t o  
d r a f t  a Technical Report which would review t h e  v i s u a l  aspects of 
signs. During t h e  Amsterdam-meeting of C I E  (September,  1983) t h i s  
suboommittee became a Technical  Committee i n  D iv i s ion  4 ( L i g h t i n g  and 
Signalling f o r  Transpor t )  : Technical Committee 4.05 "Signsn. Divis ion  
4 changed t h e  terms of reference dur ing  i t s  meeting i n  Lausanne, 
Swi tzer land  (September, î 9 8 5 I i  l i m i t i n g  t h e  scope of t h e  r e p o r t  t o  
"Roadsignsn. The Technica l  Committee 4.05 s u h a i t t e d  i ts draf't t o  
Div i s ion  4,  which reviewed t h e  document. The Baard approved t h e  
document at i t s  meet ing of June 17-26, 1987 i n  Venice, Italy. This 
r e p o r t  i n c l u d e s  an updated v e r s i o n  of P u b l i c a t i o n  CIE No.35 (TC-4.6) 
1978: "Light ing of Traffic Signsn, so t h a t  t h e  l a t te r  document is 
rep laced  by the presen t  Teohnical Report. It should be noted t h a t  any 
recommendations i n  t h i s  r e p o r t  are advisory and n o t  mandatory. 

Members of  Technical Committee 4.05 dur ing  t h e  p r e p a r a t i o n  of t h i s  
r e p o r t  were: 

M. BERNHARD 
F. BOLTE 
B.M. COBBE 
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M. COULOMB 
E.C. DE VRIES DE MOL 
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G. FISHER 
R. GEETS 
H.R. GERDES 
I. HAUSER 
P. JAINSKY 
S.E. JENKINS 
N. JOHNSON 
R.D. LOZANO 
A. MORINAGA 
C.W. MORTIMER 
Jc .  PEUREUX 

Sui t z  er1 and - 
Fed. Rep. of Germany 
Great Bri ta in  
A u s t r a l i a  
France 
The Nether lands 

Great B r i t a i n  
B e l  &urn 
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Fed.Rep. of Germary 
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O.S. A. 
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Japan  
Crea t B r i t a i n  
France 
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SUMMARY 

The purpose of t h i s  r e p o r t  from t h e  CIE Technical Committee 4.05 i s  
t o  provide information tha t  w i l l  be r e l e v a n t  t o  a n  understanding of 
r o a d s i g n s  f o r  road t r a f f i c  guidance. 

The r e p o r t  is restr ic ted t o  matters tha t  a r e  of direct concern t o  t h e  

road u s e r ,  and i t  i s  not concerned w i t h  any eng inee r ing  a s p e c t s  bf 
s igns .  

The first part of t h e  report g i v e s  a review i n  gene ra l  terms of 
s u b j e c t s  related t o  t h e  v i s u a l  e f f e c t i v e n e s s  of s igns .  The chapter o n  
i n f o r m a t i o n  p rocess ing  demons t r a t e s  t h e  complexity of t h e  traf'fic 
s i t u a t i o n  and the d r i v i n g  task. 

The d i s c u s s i o n  of four  aspects: c o n s p i c u i t y ,  l e g i b i l i t y ,  compre- 
h e n s i b i l i t y  and c r e d i b i l i t y  lead t h e  u s e r  of the  r e p o r t  t o  a gene ra l  
unde r s t and ing  of a l l  aspects r e q u i r e d  f o r  a u s e r ' s  p e r c e p t i o n  of 
s igns .  

Many i n v e s t i g a t i o n s  have been made i n t o  the f a c t o r s  l i k e l y  to  in- 
f l u e n c e  the p e r c e p t i o n  of road s i g n s .  An e x t e n s i v e  chap te r  d i s c u s s e s  
these par t icular  roads ign  aspects as s e e n  from a p r a c t i c a l  p o i n t  Of 
view. I n  t h i s  chapter aga in ,  t h e  four a s p e c t s  of c o n s p i c u i t y ,  legi- 
b i l i t y ,  comprehens ib i l i t y  and c r e d i b i l i t y  are shown t o  be bas i c .  

Variable message s i g n s  (VMS) are the s u b j e c t  of a s e p a r a t e  chapter .  
While t h e  development of these signs is  still p rogres s ing  a state- 
of- the-ar t  is  provided. It is  s u g g e s t e d  that t h o s e  i n t e r e s t e d  in-  
v e s t i g a t e  t h i s  t o p i c  f u r t h e r .  

I n  the  l a s t  s e c t i o n  of the r e p o r t  a number of d i f f e r e n t  s u b j e c t s  are 
d i scussed ,  i n c l u d i n g  r e t r o r e f l e c t i o n ,  i n f l u e n c e  of e m i r o  m e n t a l  
c o n d i t i o n s ,  and t h e  maintenance of s igns .  F i n a l l y ,  a large b i b l i o -  
graphy g i v e s  the u s e r  a n  e n t r a n c e  t o  further information.  
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IX 

Panneaux d e  s i n n a l i s a t i o n  

L ' o b j e t  de ce rapport du comite technique C I E  4.05 e s t  de fournir  les  
in fo rma t ions  n é c e s s a i r e s  à l a  compréhension des  panneaux d e  s i g n a l i -  
s a t i o n  pour l e  guidage e t  l a  r ' egu ia t ion  du trafic. 

L e  r a p p o r t  se l imite  aux p r o b l b e s  i n t é r e s s a n t s  d i rec tement  l ' u s a g e r  
de l a  route e t  ne concerne pas l a  concept ion  ou l a  f a b r i c a t i o n  des 
panneaux. 

La première partie du rapport passe e n  revue l e s  a s p e c t s  généraux des 
facteurs relatifs à l ' e f f i c a c i t é  v i s u e l l e  des panneaux. Dans l e  
c h a p i t r e  sur l e  t r a i t e m e n t  de l ' i n f o r m a t i o n ,  on  met e n  évidence l a  
complexi té  de l a  c i r c u l a t i o n  r o u t i è r e  e t  de l a  t âche  de condui te .  

La p e r c e p t i o n  des  panneaux est traitée s o u s  quatre aspects: "con- 
s p i c u i t é " ,  l i s i b i l i t g ,  comprGhensibi l i t8  e t  cr8dibil i té.  Ceci permet 
d e  mieux comprendre l e s  d i v e r s  é l h e n t s  n é c e s s a i r e s  a une bonne 
p e r c e p t i o n  d e s  panneaux pour les usagers .  

De nombreuses recherches o n t  é té  c o n s a c d e s  aux facte-rs s u s c e p t i b l e s  
d*  i n f l u e n c e r  l a  pe rcep t ion  des panneaux. Un long  c h a p f t r e  consi-  
dérable t ra i te  des  aspects particuliers de ces panneaux. Les n o t e s  de 
c o n s p i c u i t & ,  l i s i b i l i t é ?  comprbhens ib i l i t é  e t  c r a i b i l i t é  y s o n t  
nouveau f ondame n t  ale s, 

, 

Les panneuax A messages v a r i a b l e s  sont d i s c u t é s  dans une paragraphe 
séparée q u i  ne traite que de l ' é t a t  a c t u e l  de l'art. En effet  l e  
développement de ces panneaux p rogres se  t r h s  v i t e .  I1 est suggért? 
d ' i n t e n s i f i e r  les é t u d e s  sur ce su je t .  

Dans l a  d e r n i è r e  partie du rappor t ,  d i v e r s  sujets son t  abordés:  l a  
& t r o r é f l e x i o n ,  l ' i n f l u e n c e  des  c o n d i t i o n s  e x t é r i e u r e s  e t  l a  
maintenance d e s  panneaux. 

Enfin, une importante  b ib l iographie  permet au  lecteur de comlBter son 
informa t i o n .  
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X 

Z U  SAMME NFA S SU NG 

Verkehrszeichen f ü r  den Straßenverkehr  

Dieser Ber i ch t  d e s  Technischen Komitees C I E  4 .O5 s o l l  notwendige 
Informationen Über d a s  Ver s t ändn i s  von Verkehrszeichen 1 i e f e r n .  

Der Bericht ist beschrankt  a u f  d i e  f ü r  den StraBenbenutzer r e l e v a n t e n  
Probleme, E r  be faBt  s i c h  n i c h t  m i t  der  t echn i schen  Ausführung von 
Verkehrszeichen. 

Es  wi rd  zunächs t  e i n  a l lgemeine r  Ü b e r b l i c k  uber d i e  Themen gegeben, 
d i e  m i t  den v i s u e l l e n  Aspekten von Verkehrszeichen zu t u n  haben. Am 
Anfang d e s  B e r i c h t s  wird d i e  Komplexität von  V e r k e h r s s i t u a t i o n  und 
Fahrauf'gabe d e u t l i c h  gemacht. 

D i e  Behandlung von v i e r  Themen: Aufmerksamkeit, Wahrnehmbarkei t r  
V e r s t ä n d l i c h k e i t  und Glaubwürdigkeit  is t  d a s  Lei tmotiv dieser Ver- 
ö f f e n t l i c h u n g  und macht d a m i t  dem Benutzer d e u t l i c h  welche Fak to ren  
a l l e  a n  einem o p t i m a l e n  Vers t ändn i s  von Verkehrszeichen b e t e i l i g t  
s ind .  

Viele Untersuchungen wurden durchgeführt ,  um fest zu s t e l l e n  welche 
Maßnahmen d a s  Erkennen von Verkehrszeichen b e e i n f l u s s e n  können. V i e l  
Aufmerksamkei t  wurde  d a b e i  den p r a k t i s c h e n  Fak to ren  gewidmet. Auch 
fk dieses Kapi t e l  b i l d e n  d i e  v i e r  Themen: Aufmerksamkeit, Wahrnehm- 
b a r k e i t ,  Verstand1 i c h k e i t  und Glaubwürdigkeit  d i e  Grundlage. 

Der Bericht b e h a n d e l t  auch d i e  Wechselverkehrszeichen. Da d i e  neue 
Untersuchungen und a k t u e l l e  Entwicklungen auf diesem Gebie t  e i n a n d e r  
s o  s c h n e l l  f o l g e n ,  war e s  nu r  möglich den momentanen t echn i schen  
Stand zu v e r m i t t e l n .  Es w i r d  vorgeschlagen weitere Untersuchungen 
v e r s t ä r k t  vorzunehmen. 

Im l e t z  t e n  Abschnitt werden verschiedene Themen angeschn i t t en ,  w i e  
zum B e i s p i e l  R e t r o r e f l e k t i o n ,  EinfluB des Klimas und d e r  U n t e r h a l t  
von Ver ke h rsz  e ichen.  

Eine groBe B i b l i o g r a p h i e  e r ö f f n e t  dem Benutzer weitere Informations-  
m Ö g l i  chkei  t e n .  
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1 SCOPE 

This  r e p o r t  is  concerned only w i t h  matters t h a t  d i r e c t l y  i n f l u e n c e  
t h e  road user 's  pe rcep t ion  of road s igns .  It does not cover  o t h e r  
important  matters concerning s i g n i n g  p r a c t i c e ,  as f o r  example, t h e  
l o c a t i o n  of s i g n s  and t h e  e lectr ical  and mechanical e n g i n e e r i n g  
a s p e c t s  of s igns .  

A s i g n  r e q u i r e s :  

1. CONSPIUIITY: S i g n s  need t o  a t t ract  a t t e n t i o n  so  t h a t  they are 

2. LEGIBILITY: The message d i sp layed  on  t h e  s ign  by means of alpha- 
numeric o r  symbolic c h a r a c t e r s  must be l e g i b l e  a t  t h e  d i s t a n c e  
from which t h e  s ign  i s  t o  be read.  

3.  COMPREHENSIBILITY: The message d i sp layed  must be e a s i l y  understood 
and t h e  response r e q u i r e d  by t h e  message must be c l e a r l y  
conveyed. 

4. CREDIBILITY: The message should be such t h a t  t h e  r e a d e r  b e l i e v e s  
what is conveyed and acts  upon it. 

no ti ced. 

I n  French, t h e  term "panneau de s i g n a l i s a t i o n "  o n l y  refers t o  a 
dev ice  i n  t h e  form of a panel. That is indeed the  type of s i g n  which 
is covered w i t h i n  t h e  scope of t h i s  r e p o r t .  It does n o t  cover t r a f f i c  
l i g h t s  and road  markings. 

The terminology i n  t h e  r e p o r t  i s  g e n e r a l l y  i n  accordance w i t h  t h e  
" I n t e r n a t i o n a l  L igh t ing  Vocabulary" ( C I E ,  D r a f t  1982). 
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2 INTRODUCTION 

Defini t i o n  of "Sign" 

A s i g n  is a device t h a t  provides  a v i s u a l  message by v i r t u e  of i t s  
s i t u a t i o n ,  shape, colour o r  p a t t e r n ,  and sometimes by the  u s e  of' 
symbols o r  aïpha-numeric characters. It may be i n t e r n a l l y  i l l u -  
mina tedl . 
The f u n c t i o n  of road s i g n s  f o r  road t raff ic  i s  t o  improve t h e  q u a l i t y  
of s e r v i c e  of t h e  road network. This  q u a l i t y  can be expressed i n  road 
s a f e t y ,  t r a v e l  speed and road capac i ty ,  and d r i v e r  comfort and 
convenience. The f u n c t i o n a l  approach t o  t r a f f i c  f ac i l i t i e s  i s  t r e a t e d  
i n  detai l  by Schreuder (1971) .  When t h e  need f o r  road t raff ic  s i g n s  
and t h e i r  c h a r a c t e r i s t i c s  are deliberated,  t h e  conc lus ions  reached 
may d i f f e r  according t o  which one of t h e  above o b j e c t i v e s  is under 
cons ide ra t ion .  Thus, there  may be t h r e e  d i s t i n c t  se ts  of r e a s o n s  f o r  
t h e  i n t r o d u c t i o n  of road t raff ic  signs. For a l l  t h r e e  sets, t h e  

v i s i b i l i t y  of t h e  s i g n  is e s s e n t i a l .  

The v i s u a l  s ense  i s  t h e  main channel providing most of t h e  in fo r -  
mation needed by a road use r  (Forbes,  1972). Hence, t h e  character-  
i s t ics  of v i s u a l  pe rcep t ion  should be s e r i o u s l y  considered i n  ap- 
proaching t ra f f ic  problems. 

Traffic problems are not only i n d i c a t e d  by the  occurrence of ac- 
c i d e n t s ,  b u t  also when there i s  a d i s r u p t i o n  of smooth traffic 
behaviour l i k e  e r r a t i c  manoeuvres, i r r e g u l a r i t i e s  i n  t raff ic  flow, 
congest ion and so on. Optimizat ion of t h e  t r a f f i c  environnent  should 

l e a n  h e a v i l y  upon c o n s i d e r a t i o n s  of v i s u a l  perception. 

--------------- 
'Th is  d e f i n i t i o n  d e v i a t e s  from t h e  C I E  Vocabulary, Draft 1982 by 
i n t r o d u c i n g  ' t i s u a l  message" rather than  l lv i sua ï  s igna l " .  
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A s i g n  i s  a s h o r t  message used t o  t r a n s f e r  information. The o b j e c t i v e  
of such a communication i s  t o  have the  r e c e i v e r  understand what t he  

sender  means. The sender  i s  t h e  s i g n  des igner  and he  must cons ider  
t h e  d i sc r imina t ive ,  i n t e r p r e t a t i v e  and recall s k i l l s  of the d r i v e r ,  
and t h e  environmental  c o n d i t i o n s  under which t h e  d r i v e r  must r e c e i v e  
t h e  message. 

On t h e  basis of an  a n a l y s i s  of t h e  acc iden t  c a u s a t i o n  processI  
Perchonok ( 1  972) concluded t h a t  30-60 percent  of t h e  a c c i d e n t s  were 
mainly due t o  informat ion  process ing  failures. I n  most cases t h e  
in fo rma t ion  was perceived but  n o t .  i n t e r p r e t e d  i n  t h e  right way. 

I n  des igning  messages f o r  s i g n s  there are two f a c t o r s  t h a t  enhance 
communication: l e g i b i l i t y  and comprehensibi l i ty .  
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3 GENERAL I T E M  

3.1  Information process ing  

The genera l  goal  whatever t h e  mode of t r a n s p o r t  i s  t o  reach t h e  

d e s t i n a t i o n  s a f e l y ,  qu ick ly  and comfortably. Ihese genera l  g o a l s  are 
transformed i n t o  real motives. 

Probably these motives  are h i e r a r c h i c  - t h a t  i s  t o  say i n  d r i v i n g  t h e  

road  l a y o u t  in format ion  is primary, o b s t a c l e s  and o t h e r  road  users 
secondary, whi le  t h e  a d d i t i o n a l  in format ion  ( e . &  s i g n s )  t h a t  i s  so 
common a long  roads  comes last. Consequently, in format ion  of t h e  l a s t  
type  is  only picked up, provided there is  t h e  time and oppor tuni ty .  
There is  also a kind of h i e r a r c h i c  o r d e r  w i t h i n  t h i s  t h i r d  type of 
information.  Some s i g n s  reduce unce r t a in ty  more than  o t h e r  s igns.  

Experience i s  h ighly  ind iv idua l .  It has,  however, s e v e r a l  gene ra l  
c h a r a c t e r i s t i c s .  Every road u s e r  goes through a l e a r n i n g  p rocess  i n  
which h e  r e c e i v e s  sets of very  impor tan t ,  less important  and un- 
important  l ls ignals l l .  These llsignalsw may be n a t u r a l  (e.g.  a specific 
road geometry) o r  a r t i f i c i a l  (e.g. a road  l i n e  o r  s i g n ) ,  A l ls ignaï l l  
t h a t  has  been passed many times wi thout  anyth ing  happening (e.& a 
warning s i g n  f o r  game o r  road  works) l o s e s  i t s  '<signal  valuet1 and 
g radua l ly  gets  t h e  importance corresponding t o  f o r  i n s t a n c e  t h a t  of a 
tree. It still con ta ins  informat ion ,  b u t  i t  w i l l  not  be llseenll. On 
t h e  o t h e r  hand a t h a t  i s  always fol lowed by an  even t  (e.g. a 
s i g n  i n d i c a t i n g  a n  acc iden t  o r  a sha rp  curve)  gets a very  h igh  

'fsignal value". It c o n t a i n s  much inf'ormation. It w i l l  be seer.. 
C r e d i b i l i t y  i s  a key concept f o r  l e a r n i n g  processes .  I n  o t h e r  words 
i t  i s  very  important  t h a t  t h e  informat ion  we want t o  t r a n s m i t  t o  t h e  
road user i s  followed by some feedback t o  r e i n f o r c e  c o r r e c t  
behaviour. T h i s  leads t o  a s a t i s f a c t o r y  l e a r n i n g  process .  

Motivat ion and exper ience  in f luence  t h e  d i r e c t i o n  and l e v e l  of  
a t t e n t i o n  and e x p e c t a t i o n  which i n  t u r n  i n f luence  sensory p rocesses  
(e. g. eye movements), perceptua l  s t r u c t u r i n g  (e. g.  we see what we 
expect  t o  see) and d e c i s i o n  processes  (we o f t e n  get very  p r e j u d i c e d ) .  
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Three d i f f e r e n t  l e v e l s  may be d i s t ingu i shed  i n  d r i v i n g  w i t h  regard t o  
tasks  and information process ing  (King and Lunenfeld,  1971). A t  t h e  
most e lementary l e v e l  t h e  performance of t h e  d r i v e r  w i t h  regard t o  
course keeping and speed con t ro l  is  c e n t r a l .  A t  t h i s  l e v e l  there i s  
cont inuous  process ing  of  in format ion  w i t h  a preview i n  t h e  o rde r  of a 
maximum of a few seconds. ?he second l e v e l  covers  all tasks r e q u i r i n g  
manoeuvring. T h i s  i n c l u d e s  over tak ing ,  changing d i r e c t i o n ,  etc. The 
t i m e  span  of these manoeuvres i s  i n  t h e  order  of a few seconds t o  a 
few minutes. A t  t h e  t h i r d  l e v e l ,  t h e  t a sk  i n c l u d e s  strategic de- 

c i s i o n s  concerning r o u t e  choice and r o u t e  fo l lowing  wi th  t h e  aid of 
r o u t e  guidance systems, A t  t h i s  l e v e l  only occas iona l  d e c i s i o n s  are 
made, bu t  t h e  time span  concerned may inc lude  the  t o t a l  d u r a t i o n  of 
t h e  t r i p .  

A t  a l l  three l e v e l s ,  v i s u a l l y  presented  in fo rma t ion  i s  of great 
importance;  t h e r e f o r e  i n  t h i s  m u l t i - t a s k  environment t h e  con t ro l  of  
frequency and t iming  of  t h i s  i n fo rma t ion  i s  important .  

A large body of l i terature  i s  a v a i l a b l e  on  the  sensory basis o f  
pe rcep t ion  of v i s u a l  in format ion  i n  t r a f f i c  s i t u a t i o n s .  Much i s  known 
about  aspects such as  c o n t r a s t ,  conspicu i ty ,  d i s c e r n i b i l i t y  and 
l e g i b i l i t y .  T h i s  i s  d icussed  i n  par. 4.1 and 4 . 3 .  Knowledge of t h e  

v a r i a t i o n  i n  sensory  capabi l i t ies ,  and of sensory defects is also 
of t e n  i n t e g r a t e d  i n  recommendations. 

Much less  is  known about t he  way people process  t h e  informat ion  after 
i t  has been sensed, and t h e  r o l e  which i s  then  played by memory, type  
of process ing ,  mot iva t ion ,  etc.  

Although in fo rma t ion  is provided by technical means i n  t h e  environ- 
ment, i t  is i n  t h e  user t h a t  pe rcep t ion  and exper ience  lead t o  a form 
of behaviour.  Inf'ormation m i g h t  t h e r e f o r e  lead t o  d i f f e r e n t  behaviour 
between observers .  It i s  t h e  perceived s i t u a t i o n ,  no t  t h e  phys ica l  
r ea l i t y ,  t h a t  de te rmines  behaviour! 

This i s  of  v i t a l  importance. Engineers  c o n s t r u c t  t h e  phys ica l  t raff ic  
envirotment  ( road  o r  harbour geometry, surface, d e l i n e a t i o n ,  signs, 
t r a f f i c  s i g n a l s ,  e t c . ) .  Many presume i n t u i t i v e l y  t h a t  the  same 
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environnent  is  perceived i d e n t i c a l l y  by d i f f e r e n t  i nd iv idua l s .  This 

is  not  the  case. Every i n d i v i d u a l  observer  s e l e c t s  and i n t e r p r e t s  h i s  

awn information.  

3.1.1 V i s u a l  abi l i t ies  and road s a f e t y  
The ques t ion  arises why so l i t t l e  c o r r e l a t i o n  i s  found between v i s u a l  
test  s c o r e s  and acc iden t  rate, while  v i s u a l  in format ion  seems so 
important  i n  d r i v i n g  a car. H i l l s  (1980) g ives  t h e  fo l l cwing  r easons :  

1 .  

2 .  

3.  

4. 

It i s  

Burg (1967) (and  o t h e r s  who d i d  similar s t u d i e s )  
concent ra ted  on t h e  measurement of fundamentaï v i s u a l  
ab i l i t i es .  The dynamic v i s u a l  a c u i t y  had t h e  b e s t  
p r e d i c t i n g  va lue ,  but  even then  t h e  c o r r e l a t i o n  was 
low. A good test  probably r e q u i r e s  t h e  de te rmina t ion  of 
t h e  a b i l i t i e s  of the  m o t o r i s t  o n  a higher l e v e l  of 
in format ion  processing,  I n  o t h e r  words, t h e  tests were 
t o o  simple. 
When d r i v i n g  a car i t  is  probably more important  t o  
look  a t  t h e  r i e t  place  a t  t h e  r i g h t  t ima than  t o  
observe a detail  after a l o n g  per iod of observat ion.  
Although young d r i v e r s  have t h e  best v i s u a l  a c u i t y  
s c o r e s  (see 3 . 3 . 1 ,  V i s u a l  Acu i ty ) ,  they have t h e  

h ighes t  acc iden t  rates. Learning t o  d r i v e  w e l l  could 
mean t h e  improvement of t h e  a b i l i t y  to s e l e c t  t h e  
a v a i l a b l e  v i s u a l  information,  t o  process  i t  and t o  
react adequately.  A d e c l i n e  i n  t he  primary v i s u a l  
a b i l i t i e s  could be compensated f o r  by adap t ing  t h e  
d r i v i n g  behaviour. T h i s  a d a p t a t i o n  can go t o  t h e  po in t  
of dec id ing  not  t o  d r i v e  a t  a l l  i n  c e r t a i n  cond i t ions ,  
f o r  i n s t a n c e  i n  t h e  dark (see also Ysander and Herner, 
1976; H i l l s ,  1975).  
Accidents a r e  usua l ly  caused by a mul t i tude  of events .  
One cannot i s o l a t e  one a spec t  (e.g. t h e  v i s u a l )  from 
t h e  o the r s .  
a l s o  stated by Davison (1978) t h a t  i n  f a c t  t h e r e  is  mounting 

evidence t o  suggest t h a t  f o r  t h e  major i ty  of d r i v e r s  t h e r e  i s  only  a 
very weak a s s o c i a t i o n  between v i s u a l  acu i ty  and acc iden t  record.  

Thus there seems t o  be no s t r o n g  r e l a t i o n s h i p  between i n d i v i d u a l  
d i f f e r e n c e s  i n  v i s u a l  performance and t r a f f i c  safety.  There are even 
d r i v e r s  w i t h  l a rge  v i s u a l  d e f i c i e n c i e s ,  who neve r the l e s s  are success-  
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f u l  d r i v e r s  (see 3.1.1.1 and A N N E X  I ) .  We t h u s  need a more e l a b o r a t e  
( t h e o r e t i c a l )  framework which also encompasses c h a r a c t e r i s t i c s  of 

v i s u a l  information processing. 

3.1 . I  .1 Visual a c u i t y  i n  r e l a t i o n  t o  a c c i d e n t s  
An e s s e n t i a l  i n  t h i s  chap te r  i s  t h a t  one  h a s  not been able t o  inven t  
a v i s u a l  t e s t  f o r  p r e d i c t i n g  a c c i d e n t  involvement. The s t u d y  done by 
Burg (1967) i n  which h e  determined t h e  c o r r e l a t i o n  between the  s c o r e s  
of s e v e r a l  v i s u a l  tests and a c c i d e n t  ra tes  f o r  17,000 Americans i s  
almost c l a s s i c a l .  The large s c a l e  o n  which t h e  s tudy  was performed 
makes i t  unique. The p r i n c i p a l  conclus ion  was t h a t  there  i s  l i t t l e  or  
no r e l a t i o n  between low v i s u a l  a c u i t y  and a c c i d e n t  rate. With fur ther  

a n a l y s i s  of t h e  d a t a  of age groups ( H i l l s  and Burg, 1977) ,  for 
i n s t a n c e  r e g a r d i n g  t h e  s t a t i c  v i s u a l  a c u i t y  (i. e. t h e  c lass ical  
v i s u a l  a c u i t y )  , a s i g n i f i c a n t  c o r r e l a t i o n  between a c c i d e n t  r a t e  and 
low v i s u a l  a c u i t y  was on ly  found i n  t h e  group of 2975 persons above 
t h e  age of 54. This  s u g g e s t s  t h a t  more c e n t r a i  stages of in format ion  
p rocess ing  are important .  The p r a c t i c a l  s i g n i f i c a n c e  of such  a weak 
c o r r e l a t i o n ,  however, i s  l i m i t e d .  O f  t h e  t o t a l  group of 17000, 529 
were involved i n  a n  a c c i d e n t ,  519 of them had a v i s u a l  a c u i t y  of more 
t h a n  0 .5 ,  10 had less. If t h e  d r i v i n g  l i c e n s e  were withdrawn from a i l  

who d id  no t  have a n  a c u i t y  of  0.5,  t hen ,  apar t  from t he  10 who were 
involved i n  a n  a c c i d e n t ,  another  38  persons who had a v i s u a l  a c u i t y  
of less  t h a n  0 .5  would have s u f f e r e d  who had never been involved i n  
a n  acc iden t .  Moreover, one has t o  t a k e  i n t o  account t h e  c o s t  of 
t e s t i n g  a group of 2975 persons. 

3.1 . 1  .2 Driv ing  requi rements  
I n  some c o u n t r i e s  ophthalmological requirements  have been e s t a b l i s h e d  
f o r  o b t a i n i n g  a d r i v i n g  l i c e n c e .  There are  no uniform requirements  
from country t o  country w i t h  regard t o  t h e  method of measuring v i s u a l  
a c u i t y  and t h e  v i s u a l  f i e l d .  Since such measurements depend g r e a t l y  
on p r e c i s e  measuring c o n d i t i o n s  t h e  requirements  a r e  o f t e n  l ess  
s e v e r e  i n  actual p r a c t i c e  than  they seem o n  paper.  

Throughout t h e  world t h e  t o t a l  v i s u a l  requi rements  show large va r i a -  
t i o n s ,  but t h e  minimum requirement of a v i s u a l  a c u i t y  o f  0.5 t o  0.6 

can be found almost  everywhere. 
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For one-eyed persons  t h e  requirement  f o r  t h e  good eye  can be somewhat 
higher, f o r  example v i s u a l  a c u i t y  0 .8  ( i n  The Nether lands) .  The 
importance of such a requirement  i s  st i l l  open t o  ques t ion .  
One-eyedness imp l i e s  a l i m i t a t i o n  of t h e  a v a i l a b l e  p e r i p h e r a l  v i s u a l  
f i e l d  which cannot be compensated by a better v i s u a l  a c u i t y  i n  t h e  

f i x a t i o n  po in t  of t h e  f u n c t i o n i n g  eye. 

The ru les  f o r  con tac t  lenses o r i g i n a t e d  a t  a time when con tac t  l e n s e s  
were stïL1 a very  s p e c i a l  phenomenon. There seems t o  be l i t t l e  reason  
to  draw up other r u l e s  for con tac t  l e n s e s  t h a n  f o r  s p e c t a c l e s  (Van 
Norren, 1979). The use of c o n t a c t  l e n s e s  allows t h e  recovery of most 
of t h e  v i s u a l  f i e l d  which is r e s t r i c t e d  by t h e  use of spec tac l e s .  

3.1 .1.3 Other visual a b i l i t i e s  
S u b j e c t s  such as three-dimensional v i s i o n ,  unbalance i n  t h e  eye 
muscles  and dominance of one  eye  have r ece ived  a t t e n t i o n  i n  s t u d i e s  
on  d r i v i n g  behav lour  . 

According t o  t h e  l i terature  review by Davison (1978) some s t u d i e s  
show a weak p o s i t i v e  c o r r e l a t i o n  between test results and a c c i d e n t s ,  
but  they u s u a l l y  concern r e l a t i v e l y  s m a l l  populat ions.  It h a s  n o t  
been proven t h a t  any of these a b i l i t i e s  a re  ve ry  impor tan t  f o r  t h e  

d r i v i n g  behav iour  . 

Summarising, i t  seems u n l i k e l y  t h a t  a v i s u a l  test w i l l  ever  be 
invented  t h a t  selects t h e  acc iden t  prone d r i v e r  i r .  advance. However, 
from t h i s  one cannot draw t h e  conclus ion  t h a t  t h e  e x i s t i n g  m i n i m u m  
requirement  f o r  v i s u a l  a c u i t y  ( a t  l e a s t  0 .5)  should be withdrawn. It 
i s  q u i t e  p o s s i b l e  t h a t  t h i s  requirement ,  which exc ludes  t h o s e  w i t h  a 
very  low v i s u a l  a c u i t y ,  is  t h e  r e a s o n  why such a low c o r r e l a t i o n  i s  
found between v i s u a l  a c u i t y  and a c c i d e n t  rate. 

3.1 .1.4 Motivation, expec ta t ion ,  educa t ion  
Expecta t ion  p a t t e r n s  g r e a t l y  a f f e c t  obse rva t ions  and informat ion  
processing.  H i l l s  (1980) i l l u s t r a t e s  t h e  problem very  well. I n  h i s  

f i r s t  example a m o t o r i s t  l o o k s  a t  a c y c l i s t  a t  a n  i n t e r s e c t i o n  but  
n e v e r t h e l e s s  h i t s  him. It may be assumed t h a t  t h e  moto r i s t  had looked 
f o r  o t h e r  cars o r  t r u c k s  because i t  was w i t h  them t h a t  he expected a 
p o s s i b l e  c o n f l i c t  s i t u a t i o n .  The  c y c l i s t  d i d  no t  f i t  i n  t h a t  p a t t e r n  
and  t h e r e f o r e  was riot "seen". Although t h i s  example p a r t i c u l a r l y  
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a p p l i e s  t o  a n  American t r a f f i c  s i t u a t i o n  where  there are ha rd ly  any 
c y c l i s t s ,  it i n d i c a t e s  t h e  type of  problem. In a second example H i l l s  

s u g g e s t s  t h e  need t o  exaggera te  t h e  s i g n a l l i n g  used fo r  i n d i c a t i n g  
c o n s t r u c t i o n  work on  a motorway because the  m o t o r i s t  develops a 
pe rcep tua l  i n e r t i a  on t h i s  type of road,  especially when t h e  road is 
q u i e t .  From a perceptua l  po in t  of view so  l i t t l e  is  required from t h e  

m o t o r i s t  t h a t  more e f fo r t  h a s  t o  be made to  induce him t o  react. 

Roper and Howard, i n  a s tudy  on  headlamp s e e i n g  d i s t a n c e ,  showed t h a t  
u n a l e r t e d  d r i v e r s  see on ly  h a l f  as far ahead as  alerted d r i v e r s ,  when 
l o o k i n g  f o r  a n  o b j e c t  (Roper and Howard, 1938). 

Adver t i s ing  s i g n s  of course  have t o  be d e l i b e r a t e l y  eye  ca t ch ing  and 
o f t e n  have t o  be accepted.  Their d i s t r a c t i n g  i n f l u e n c e  i s  l e s sened  by 
having  a n  e a s i l y  recognised ffuniformtl f o r  t raff ic  s igns .  It is 
impor tan t  t h a t  a d v e r t i s i n g  s i g n s  do n o t  resemble t r a f f i c  s i g n s  i n  
such a way as t o  r i s k  caus ing  confusion.  

The impor tan t  pe rcep tua l  s e l e c t i o n  and a n a l y s i s  i s  made a t  h ighe r  
l e v e l  s. Motiva t ion  and exper ience  i n f l u e n c e  e x p e c t a t i o n  and atten- 
t i o n ,  which i n  t u r n  c o n t r o l  t o  a large e x t e n t  what i s  seen  and h e a r d .  

Educat ion is a p a r t  of "experiencef1 and may be expec ted  t o  modify 
behaviour.  Educat ion i s  a matter of great importance,  a l though i t  
should n o t  be exaggerated,  as is  o f t e n  done. It i s  p a r t i c u l a r l y  
impor tan t  when any c o n f l i c t i n g  r e a c t i o n s  of d r i v e r s  a r e  observed,  o r  
when new s i g n s  or new types  of s i g n s  are  being used. As mentioned 
above, d r i v e r s  act  on  t h e  bas i s  of p rev ious  exper ience  and react t o  
what they th ink  they  know or expect .  If something new suddenly 
happens whi le  d r i v i n g ,  the r e a c t i o n  cannot  be p r e c i s e l y  p red ic t ed ,  
and can  be dangerous i n  some cases. Th i s  is l i k e l y  to  happen when 
d r i v i n g  f o r  t h e  f i r s t  time i n  ano the r  country,  f o r  example when going 
from any c o n t i n e n t a l  country i n  Europe to  Great B r i t a i n ,  which 
r e q u i r e s  a change from d r i v i n g  on t h e  right to d r i v i n g  o n  t h e  l e f t .  

Educat ion i s  a fundamental  t o o l  f o r  p reven t ing  undes i r ab le  r e a c t i o n s ,  
and f o r  e x p l a i n i n g  t h e  s i g n i f i c a n c e  of each s ign ,  and t h i s  is p a r t i c -  
u l a r l y  impor tan t  f o r  new d r i v e r s .  
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Where educa t ion  a p p e a r s  t o  f a i l  e.g. i n  t h e  understanding of c e r t a i n  
symbols, o r  i n  f a u l t y  d r i v i n g  h a b i t s ,  i t  may be the des ign  of t h e  
symbols, o r  t h e  assumptions regard ing  human behaviour which are a t  
faul t ,  and not  t he  need f o r  more educat ion.  

3.2 Conspicui ty  

The t r a d i t i o n a l  view of t h e  v i s u a l  a c q u i s i t i o n  of in format ion  i s  t h a t  

of a progress ive  series of stages from a n  e a r l y  awareness of  a 
d i f f e rence  i n  energy a t  a s p e c i f i c  po in t  i n  t h e  v i s u a l  f i e l d ,  t o  a 
r e a l i s a t i o n  of form and co lour  and then  of a d e t a i l e d  s t r u c t u r e .  
These stages are termed d e t e c t i o n ,  r ecogn i t ion  and i d e n t i f i c a t i o n  
where d e t e c t i o n  i s  a n  awareness of t h e  presence of a n  o b j e c t ,  recog- 
n i t i o n  is the  a b i l i t y  t o  place t h e  o b j e c t  i n t o  a particular class f o r  
example v e h i c l e  o r  vege ta t ion ,  and i d e n t i f i c a t i o n  is t h e  a b i l i t y  t o  
name t h e  o b j e c t  as  a particular member of t he  class, for example, a 
tank  rather than  a n  armoured personnel  c a r r i e r .  

The t a s k  of d e t e c t i o n  depends on  t h e  sensory c a p a b i l i t i e s  of t h e  

observer  whereas r e c o g n i t i o n  and i d e n t i f i c a t i o n  depend a l so  o n  memory 
and a s s o c i a t i o n  which have been previous ly  learned .  The p rogres s ion  
de t e  c t i o  n-re cogni t i o  n-i de n t i f  i ca t i o  n d i f  f ere n t  
t ypes  of v i s u a l  performance but  relates t o  t h e  characteristics of t he  

target which can be de tec t ed  and the  l e v e l  of d i s c r i m i n a t i o n  r e q u i r e d  
of t h e  observer .  Thus v i s u a l  a c q u i s i t i o n  i s  concerned p r imar i ly  wi th  
t h e  process  of d e t e c t i o n  whether it' be of the  presence,  form, co lour  
o r  i n t r i n s i c  de ta i l  of t h e  objec t .  

does not  des c r i  be 

T h i s  t r a d i t i o n a l  view has grown l a r g e l y  from t h e  v i s u a l  search area 
where t h e  observer  h a s  t h e  t a s k  of d e t e c t i n g  known targets.  I n  many 
s i t u a t i o n s ,  however, t h e  primary task  i s  not  t h e  d e t e c t i o n  of tar- 
gets. It i s  o f t e n  t h a t  in format ion  t o  be given t o  t h e  obse rve r  i s  
s u b s i d i a r y  t o  h i d h e r  main t a s k  and t h e  v i s u a l  s i g n a l  must  invade t h e  
obse rve r ' s  pe rcep t ion  L e .  he/she is  no t  s ea rch ing  f o r  the s i g n a i  but  
i s  monitor ing t h e  v i s u a l  environment and t h e  s i g n a l  must ga in  t h e  
obse rve r ' s  a t t e n t i o n  before  i t s  informat ion  can be acqui red .  
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I n  t h e  environment there is an  enormous in f lux  of  v i s u a l  information 
w i t h  which a n  observer  h a s  t o  contend. It i s  e s s e n t i a l  t h a t  p r ior -  
i t i e s  be a l l o c a t e d  t o  t h i s  in format ion  so t h a t  a t t e n t i o n  can be 

d i rec ted  t o  only those  facets  which are necessary t o  complete t h e  

task. 

The perceptua l  system must t h e r e f o r e  perform a f i l ter ing a c t i o n  by 
which the  major i ty  of the  v i s u a l  in format ion  i s  shed and t h e  im- 
por t an t  and necessary informat ion  i s  a t tended  t o  and used. What 

in format ion  is considered important  and so a t t ended  to ,  depends on  
t h e  message of t h e  s ign  and i t s  re levance  a t  t h e  time. 

Thus some degree of p r e - a t t e n t i v e  process ing  of all in format ion  must 
occur so  t h a t  the  important  i n fo rma t ion  i s  not  d i scarded  but  pro- 
gresses t o  the  stage of consc ious ly  being used. 

If t h e  in fo rma t ion  t o  be conveyed is no t  adequate ly  prominent, 
l e g i b l e  and comprehensible a t  t h i s  p re -a t t en t ive  l e v e l  of process ing  
then  i t s  importance may not  be eva lua ted  and i t  may not warrant  
a t  t e n  t i o  n. 

Conspicuity then  i s  t h e  a t t r i b u t e  of a n  o b j e c t  w i t h i n  a v i s u a l  
con tex t  which ensu res  t h a t  i t s  presence i s  not iced  a t  t h e  

p re -a t t en t ive  l e v e l  of process ing ,  and i s  de f ined  t h e r e f o r e  as: 
"Qua l i ty  of a n  o b j e c t  o r  a l i gh t  source  t o  appear  prominent i n  t h e  
surroundings" ( C I E  VOC. D r a f t  1982, see also DEFINITIONS, Ch. 5 ) .  

A s i g n  t h e n  must meet fou r  c r i te r ia ;  i t  must be conspicuous,  i t s  
message must be l e g i b l e  and understood,  a lso  i t  must t h e n  be credible 
t o  o b s e r v e r s  - they must be l i eve  wha t  i t  says and t h a t  i t  a p p l i e s  t o  
t h e i r  immediate s i t u a t i o n .  

If aw of t h e s e  c r i te r ia  f a i l s  t h e n  t h e  message w i l l  no t  be r e g i s t e r -  
ed  or  i t  w i l l  be d iscarded .  The informat ion  w i l l  not  progress  past 
t h e  p r e - a t t e n t i v e  l e v e l  of process ing ,  t h e  observer  w i l l  have no 
r e c o l l e c t i o n  of i t  and aw hoped f o r  a c t i o n  w i l l  no t  happen. 
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3.2.1 Methods of Measurement 
I n e v i t a b l y  t h e  methods by which conspicu i ty  is measured l a r g e l y  
determine the kind of r e s u l t s  t h a t  are obta ined  s o  i t  i s  important  
t h a t  t h e  l i m i t s  and assumptions of each method a re  given. 

One measure d e r i v e s  from a n  o p e r a t i o n a l  d e f i n i t i o n  of sensory con- 
s p i c u i t y  proposed by Cole and J e n k i n s  (1980).  T h i s  s ta tes  t h a t  a 
conspicuous object  i s  one t h a t  w i l l ,  f o r  any given background, be 
s e e n  w i t h  c e r t a i n t y  (P > 90%) w i t h i n  a s h o r t  obse rva t ion  time ( t  = 
250 ms) r e g a r d l e s s  of t h e  l o c a t i o n  of the  object  i n  r e l a t i o n  t o  the  

l i n e  of s igh t .  

Thus a conspicuous object r e q u i r e s  no searching  i n  o rde r  t o  be s e e n  
w i t h  c e r t a i n t y ,  and the d e f i n i t i o n  impl i e s  t h a t  the primary measure 
of sensory consp icu i ty  is t h e  e c c e n t r i c i t y  a t  which t h e  o b j e c t  i s  
seen. This measure is  very  similar t o  the "conspicu i ty  area11 of 
Engel. 

These methods have been e s t a b l i s h e d  i n  t h e  l a b o r a t o r y ,  t h e i r  v a l i d i t y  
i n  t h e  real t r a f f i c  s i t u a t i o n  i s  not  c e r t a i n .  Indeed i t  is  d i f f i c u l t  
t o  know how such a paradigm could be t r a n s f e r r e d  t o  t he  f i e l d  s i t u a -  
t i on .  By t h i s  method a conspicuous o b j e c t  i s  one  which is  detected 
immediately, and i t  i s  t h i s  requirement  which r e a l l y  p reven t s  the 

method from being t r a n s f e r r e d  t o  practical  s i t u a t i o n s ,  where s i g n s  
c o n t i n u a l l y  i n c r e a s e  t h e i r  angu la r  subs tense  and e c c e n t r i c i t y  w i t h  

time and t h e i r  backgrounds w i l l  c o n t i n u a l l y  change. 

An on-road method was devised by Hughes and Cole (1984) and Hughes 
(1983) who carried o u t  a f i e l d  triai i n v e s t i g a t i n g  the consp icu i ty  of 
traffic c o n t r o l  devices and d i s c  targets i n  a suburban environment. 
They used a v e r b a l  report method which  inc luded  both sensory and 
c o g n i t i v e  a s p e c t s  of consp icu i ty  and, most impor tan t ly ,  observer  
v a r i a b l e s  such as  t h e i r  s t a t e  of a rousa l ,  t h e i r  e x p e c t a t i o n s  and 
t h e i r  l e v e l  of a t t e n t i o n .  

Cola and Hughes reasoned t h a t  these observer  v a r i a b l e s  must play a 
major r o l e  i n  de te rmining  whether a s i g n  i s  acted upon i n  the  t r a f f i c  
s i t u a t i o n .  A s  a result they d e c i d e d  t o  manipulate t h e  l e v e l  of 
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a t t e n t i o n  of d r i v e r s  by i s s u i n g  two d i f f e r e n t  i n s t r u c t i o n  sets. I n  
t h i s  way they could i n v e s t i g a t e  two a s p e c t s  of consp icu i ty  ; a t t e n t i o n  
consp icu i ty  and search conspicui ty .  

A t t e n t i o n  conspicui ty  is t h e  c a p a c i t y  of the s i g n  t o  attract  atten- 
t i o n  when the  observer  i s  unaware of i t s  l i k e l y  occurrence ( i n s t r u c -  
t i o n  set: r e p o r t  all t h i n g s  which a t t r ac t  your a t t e n t i o n ) .  

Search consp icu i ty  is t h e  a b i l i t y  of t h e  s i g n  t o  be qu ick ly  and 
r e a d i l y  l o c a t e d  by search e.g .  when a n  observer needs a d i r e c t i o n  
s i g n  o r  s t reet  name ( i n s t r u c t i o n  set: r e p o r t  a l l  s i g n s  which a t t r a c t  
your a t t e n t i o n ) .  

The v e r b a l  r e p o r t  is the  end result of a i l  l e v e l s  of processing. If a 
s i g n  is  r e p o r t e d  i t  may be because: 
a. it i s  conspicuous, and 
b. it i s  important  t o  t h e  obse rve r  a t  t h a t  moment, and/or 
c. i t s  message r e q u i r e s  some a c t i o n  on t h e  p a r t  of t h e  observer.  

If a s ign  is  n o t  reported i t  may be because: 
a. i t  i s  inconspicuous,  o r  
b, it is no t  credible, o r  
c. i t  i s  so normal and accepted t h a t  i t  is l i t e r a l l y  unremarkable. 

3.2.2 
Conspicuity can only be d i s c u s s e d  i n  t h e  context  of complex back- 
grounds. if t h e  t a r g e t  is i n  a uniform background t h e n  consp icu i ty  is 
i d e n t i c a l  t o  v i s i b i l i t y .  The major problem is the  q u a n t i f i c a t i o n  of 
t h e  complexity and d e f i n i n g  wha t  background o b j e c t s  form the  popula- 
t i o n  of items which c a n  be confused w i t h  t h e  target'. 

De terminant  s of Consplcui ty  

An area i n  which consp icu i ty  has  r e c e i v e d  a good d e a l  of a t t e n t i o n  is 
t h a t  of c o l l i s i o n  avoidance i n  a i r c r a f t  where  t h e  d e t e c t i o n  of s i g n a i  
beacons and  warning l i g h t s  of o t h e r  a i r c r a f t  i s  impera t ive  and 
f a i l u r e  to  cio so may invo lve  a very h i g h  c o s t .  

--------------- 
' A  number of s t u d i e s  on t h i s  s u b j e c t  are d e s c r i b e d  i n  Annex III. 
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I n  order t o  t a c k l e  t h e  problem of the  q u a n t i f i c a t i o n  of background 
complexity d i r e c t l y  a ser ies  of experiments  were c a r r i e d  o u t  u s ing  
schematic backgrounds which could be q u a n t i f i e d  and y e t  s u f f i c i e n t l y  
complex and v e r s a t i l e  t h a t  they could be  v a r i e d  sys t ema t i ca l ly  along 
s e v e r a l  dimensions ( J e n k i n s  and Cole, 1982; Cole and Jenk ins ,  1 9 8 4 ) .  
The backgrounds cons i s t ed  of a random a r r a y  of discs,  each d i s c  

s imply  s p e c i f i e d  by diameter and luminance, t h e  complexity of t h e  

background was manipulated i n  three ways: 
a. t h e  number of i d e n t i c a l  background d i s c s  was v a r i e d  from one 

upwards; 

v a r i e d ;  

va r i ed .  

b. t h e  number remained cons t an t  but  t h e i r  s i z e  d i s t r i b u t i o n  was 

c. t h e  number remained cons t an t  but t h e i r  luminance d i s t r i b u t i o n  was 

For each background set  t h e  target d i s c  d i f f e r e d  i n  e i ther  s i z e  o r  
luminance. The s u b j e c t ' s  t a s k  was t o  l o c a t e  t h e  largest/brightest  

d i s c  i n  t h e  s t imu lus  s l i d e  which was presented  fo r  250 m s ,  t h e  target 
be ing  pos i t i oned  a t  v a r i o u s  eccectricit ies.  

The results are, perhaps,  b e s t  summarised i n  two p a r t s  - whether  t h e  
target was d i sc r imina ted  o n  t h e  basis of s i z e  or  luminance. 

Luminance Discrimina t ion 
Luminance d i s c r i m i n a t i o n  was b e s t  when j u s t  two d iscs  were compared. 
As the  number of d i s c s  inc reased  t o  occupy 5 p e r  cen t  and 10 per c e n t  
of t he  background area performance decreased, so  t h a t  t h e  target d i s c  

must have a greater luminance d i f f e r e n c e  from t h e  background d i s c s  

for  i t  t o  be detected. Inc reas ing  t h e  number t o  1 5  per  c e n t  dens i ty  
d i d  not  change performance by any s i g n i f i c a n t  amount. 

If the  background d i s c s  themselves  d i f f e r e d  i n  luminance ( b u t  were 
t h e  same size) t h e n  i t  was found t h a t  t h e  degree of v a r i a b i l i t y  had 
no effect  on  t h e  conspicu i ty  of a target  d i f f e r i n g  i n  luminance 
alone. 

The r e f l e c t a n c e s  of t h e  background d i s c s  used t c  gene ra t e  t h e  s t i e  
d u s  s l i d e s  at tempted t o  niatch those  which could be found i n  daytime 
environments. T h i s  would i n d i c a t e  t h a t  v a r i a t i o n  of luminances i n  
daytime e n v i r o m e n t s  w i l l  no t  have a la rge  effect  on target con- 
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s p i c u i t y .  The r e g r e s s i o n  l i n e s  f o r  luminance d i s c r i m i n a t i o n  a t  t h e  92  
per cent  p r o b a b i l i t y  l e v e l  of d e t e c t i o n  are shown i n  Fig.  1 and are 
giver.  by : 

CL = 0.06 .c + 0.37 Two Discs ( 1 )  

CL = 0.10 E + 0.47 5% background dens i ty  (2) 
CL = 0.19 c + 0.35 10% , 15% background d e n s i t y  ( 3 )  

and v a r i a b l e  luminance. 

where CL = ( L r L B ) / L B  and LT i s  t h e  luminance of t h e  target d i s c  and 
LB i s  t h e  average luminance of t h e  background d i s c s ,  and E is t h e  
e c c e n t r i c i t y  i n  degrees.  

r 1 1 1 1  I I  I I  I i 

0 10 "/o cL=O.Ig ~O+0.35 
J I - - - -  A-- variable 

L 
4- 5 3.01 
U I 

I 

eccentricity E' 

Fig. 1 Graph of t h e  c o n t r a s t  i n  luminance between t h e  target d i s c  
( L T )  and background d i s c  ($) necessary f o r  i t  to  be dis- 
criminated 92% of t h e  time as a f u n c t i o n  of e c c e n t r i c i t y  for 
all t ypes  of background complexity.  CL = (LTLB)/LB.  

Size  Disc r imina t ion  
The  r e s u l t s  f o r  t h e  s i z e  d i s c r i m i n a t i o n  t a s k s  showed t h a t  i n c r e a s i n g  
t h e  d e n s i t y  of t h e  background e lements  had no effect  on the  con- 
s p i c u i t y  of t h e  target  which d i f f e r e d  i n  size only. The a b i l i t y  t o  
d i s c r i m i n a t e  the target  was t h e  same a s  t h a t  fo r  j u s t  two d i s c s  no 
ma t t e r  whether t h e  background d e n s i t y  was 5 per  cent ,  10 per c e n t  or 
15 per cent,  The results are shown i n  Fig. 2 and can then  be ade- 
q u a t e l y  summarised by t h e  q u a t i o n :  
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( 4 )  

However, if t h e  background e lements  themselves d i f fe r  i n  s i z e ,  t h e  
degree of v a r i a b i l i t y  d i d  have a n  adverse  effect  o n  the  consp icu i ty  
of t h e  target which d i f f e red  i n  s i z e  only. The results of t h e  experi-  
ment can be expla ined  us ing  a s imple model based o n  t h e  above 
eq ua t i o  n. 

I l I I I I I I I  

- - - -  Cs=O.O 33 ~S0 .1  O 

,variable 
, -5%JO% and 
-two discs 

I 

eccentricity E O  

Fig. 2 Graph of t h e  c o n t r a s t  i n  s i z e  between target  d i s c  ( D T )  and 
background d iscs  (DB) necessary  f o r  i t  t o  be d i sc r imina ted  
92% of t h e  time as  a f u n c t i o n  of e c c e n t r i c i t y  for a l l  types 
of background complexity. Cs = (DT-DB)/DB. 

This s a y s  t h a t  a t  a g iven  e c c e n t r i c i t y  t h e  largest background d isc  
cannot be d i sc r imina ted  from o t h e r  background d iscs  i f  t h e  c o n t r a s t s  
i n  size are less than  the  th re sho ld  c o n t r a s t  given by t h e  equat ion  
above. Thus a weighted average large background d i s c  can be descr ibed 

for t h e  popula t ion  a t  any e c c e n t r i c i t y .  Then, t o  be d i sc r imina ted ,  
t h e  target d i s c  must be of s u f f i c i e n t  diameter tha t  when c o n t r a s t e d  
a g a i n s t  t h i s  average background d i s c  i t  w i l l  exceed t h e  th re sho ld  
g iven  by t h e  above equation. Therefore:  
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Cs = 0.333 c + 0.10 ( 5 )  

is a p p l i c a b l e  t o  a w i d e  range of backgrounds provided DB is defined 
as t h e  diameter of t h e  weighted average of a l l  t h e  l a r g e s t  background 
discs  which cannot be d i sc r imina ted  on t h e  basis of s i z e  a t  a given 
e c c e n t r i c i t y .  

The e q u a t i o n s  1 through 5 g i v e  the  means by which it i s  p o s s i b l e  t o  
s p e c i f y  some phys ica l  a t t r i b u t e s  o f  a target which w i l l  ensu re  i t s  
consp icu i ty .  But i n  order t o  do t h i s  we need t o  be able  t o  determine 
t h e  popu la t ion  of background elements which could be  confused w i t h  
t h e  target, t h e i r  s i z e  d i s t r i b u t i o n  and t h e i r  average luminance. 

3.2.3 Nighttime consp lcu i ty  
Conspicuity is t h e  dete 'c t ion and i d e n t i f i c a t i o n  of the  s i g n  i n  a n  
environnent  which may va ry  from a dark  surrounding free of ex t r aneous  
l i g h t s  and d i s t r a c t i o n s ,  t o  a h igh ly  t ex tu red  and complex surrounding 
i n  which many s t i m u i i  compete for a t t e n t i o n .  Detect ion of small signs 
of low luminance may be accomplished i n  dark surroundings w i t h  
un l imi t ed  sea rch  time. I n  many nighttime circumstances, oncoming 
headïamps, complex surroundings,  glare sources ,  and l imited time t o  
s e a r c h  r e q u i r e  t h a t  s i g n s  have greater size and luminance t o  be seen. 
De tec t ion  provides  a frame of r e fe rence  t o  l o c a l i z e  a n  object i n  
space ,  w h i l e  i d e n t i f i c a t i o n  provides  a d d i t i o n a l  understanding of t h e  

co lou r  and s h a p e  and pe rmi t s  t h e  s i g n  t o  be considered f u r t h e r  o r  
ignored . 

3 . 3  L e g i b i l i t y  

A very important  f a c t o r  t h a t  determines t h e  l e g i b i l i t y  of a s i g n  is 
t h e  size of t h e  c h a r a c t e r s  or symbols t h a t  d i s p l a y  t h e  message. 

Considering t h e  d e f i n i t i o n ,  i t  becomes obvious t h a t  s e v e r a l  aspects 
of v i s u a l  a b i l i t i e s  are of importance i n  t h e  r e l a t i o n  t o  t h e  observa- 
t i o n  of t r a f f i c  s i g n s .  
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3 . 3 . 1  V i s u a l  acuity 
This  i s  a very important  parameter t o  cons ide r  when s tudy ing  s i g n s  
( f o r  d e f i n i t i o n  Ch. 5).  It is of p a r t i c u l a r  i n t e r e s t  t o  know how t h i s  

human a b i l i t y  v a r i e s  among t h e  populat ion,  and how i t  i s  re la ted  t o  
luminance l e v e l  and c o n t r a s t .  

These aspects are related t o  t h e  problem of eva lua t ing  v i s u a l  a c u i t y  
from t h e  po in t  of view of d e t e c t i o n  and l e g i b i l i t y  of a s ign .  Data o n  
v i s u a l  a c u i t y  play a r o l e  i n  t h e  d i s c u s s i o n  about  i n fo rma t ion  
carriers. Ul t imate ly  i t  remains a t o o l  for  e s t i m a t i n g  what propor t ion  
of t h e  obse rve r s  i s  a b l e  t o  read a s i g n  a t  a c e r t a i n  d i s t a n c e ,  and 
for  determining t h a t  d i s tance .  

The a b i l i t y  t o  r e s o l v e  small de ta i l  is  assessed by measuring t h e  
s t a t i c  v i s u a l  acu i ty .  Visua l  a c u i t y  i s  u s u a l l y  recorded  i n  a form 
known as  S n e l l e n  n o t a t i o n  where t h e  n o t a t i o n  6/6 i n d i c a t e s  t h e  
a b i l i t y  t o  r e s o l v e  detai l  of o n e  minute  of arc. Table  I sets o u t  t h e  

v a r i o u s  n o t a t i o n s  used t o  s p e c i f y  v i s u a l  acu i ty .  

Tab le  I. Visua l  a c u i t y  equ iva len t s .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Visual  a n g l e  

S n e l l e n  n o t a t i o n  subtended by Decimal 
Metric Imper ia l  d e t a i l  r e so lved*  no t a t  i o  n 

( min of arc) (min-’ ......................................................... 
6/3 20/ 1 o 0:50 2 .o 
6/4.5 20/15 o .75 1.33 
6 /6  20/20 1 .o 1 .o 
6/7.5 20/25 1.25 0.8 
6/9 20/ 30 1.50 O .66 
6/12 20/40 2 .o 0.50 
6/15 20/50 2.5 O .40 
6/18 20/60 3 .O o .33 
6/21 20/70 3.5 O .29 
6/24 2 O/ 80 4 .O O .25 
6/ 30 20/ 1 O0 5 .O o .20 
6/  36 20/ 120 6 .O 0.17 
6/60 20/200 10.0 0.10 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

* When t h e  target i s  a n  alphanumeric  character t h e  
de t a i l s  are t h e  s t r o k e  w i d t h  and g a p s  i n  t h e  cha rac t e r .  
The character w i l l  normally have a n  o v e r a l l  h e i g h t  f i v e  
times t h a t  of t h e  s t roke  w i d t h .  Thus a 6/6 S n e l l e n  l e t te r  
w i l l  have a n  o v e r a l l  h e i g h t  subtending 5 min of arc a t  
t h e  o b s e r v e r ’ s  eye and a l i m b  w i d t h  of 1 min of arc. 
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3.3.2 D i s t r i b u t i o n  of v i s u a l  acuity among the  population 
Severa l  s t u d i e s  d e a l  w i t h  t h i s  problem; US data are g iven  i n  McDowell 
( 1964) and Roberts and Ludford (1977). 

Fig.  3 g i v e s  the  d i s t r i b u t i o n  of  v i s u a l  a c u i t y  i n  a genera l  popu- 
l a t i o n .  

About 73% of  the  popu la t ion  have a v i s u a l  a c u i t y  of 6 /6  or  b e t t e r  
when tested wearing t h e i r  u s u a l  glasses (US Dept. Health Educ. and 
Welfare, 1964 = McDowell, 1964).  However, t h i s  means t h a t  nea r ly  one 
q u a r t e r  of a gene ra l  popu la t ion  have  v i s u a l  a c u i t y  tha t  i s  less  than  
normal even when wearing t h e i r  usua l  glasses. 

A problem which ar ises  when a p p l y i n g  t h e  American c a l c u l a t i o n s  t o  
s i t u a t i o n s  i n  o t h e r  c o u n t r i e s  i s  t h a t  t h e  method used for  determining 

3 6 0 -  
.r 

c 
O 

Q, 4 0 -  
5 
0 2 0 -  

.- I l l i i i l  + O -  
C 
O 

u o13 0.5 1 2 a ~ 

visual acuity (min of arc-? I L 
\c 

Fig .  3 Cumulative frequency d i s t r i b u t i o n  of v i s u a l  a c u i t y  i n  differ-  
e n t  po p u l  a t i  ons  : 
The >18 yr. and >65 yr .  i n d i c a t e d  l i n e s  g i v e  t h e  percentage 
of a to t a l  popu la t ion  over  18 and over  65 years of age 
r e s p e c t i v e l y  who j u s t  reach o r  exceed a c e r t a i n  a c u i t y  l i m i t  
( f rom Walraven and Blokland, 1980). 
The dot ted l i n e  g i v e s  t h e  results of a UK survey of 1368 car 
d r i v e r s  (Davison and I r v i n g ,  1980). 
The l i n e  wi th  t h e  i n d i c a t i o n  USA g i v e s  t h e  cumulat ive 
frequency d i s t r i b u t i o n  of v i s u a l  a c u i t y  i n  a gene ra l  popula- 
t i o n  i n c l u d i n g  non-drivers  (US Dept. Hea l th  Educ. and 
Welf are, 1964). 
I n  a l l  s t u d i e s  t h e  o b s e r v e r s  are wearing t h e i r  u sua l  
gìasses. 
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v i s u a l  a c u i t y  a f f ec t s  t h e  v i s u a l  a c u i t y  numbers. For hstance,  Fig. 3 

shows a cumulative d i s t r i b u t i o n  of v i s u a l  a c u i t y  based o n  t h e  d a t a  o f  

McDowell (1964) bu t  c o r r e c t e d  fo r  ( a )  t h e  Dutch way t o  measure v i s u a l  
a c u i t y  w i t h  t h e  TNO Landolt-C chart (Vos, 19691, and ( b )  t h e  Dutch 
age d i s t r i b u t i o n  (Walraven and Blokland, 1980) .  Even t h e n  uncer- 
t a i n t i e s  remain mainly as  t o  whether i n  t h e  US and The Netherlands 
t h e  same average eye care e x i s t s ,  e s p e c i a l l y  with r ega rd  t o  t h e  

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

It i s  necessary t o  es tabl ish t h e  d i s t r i b u t i o n  of v i s u a l  a c u i t y  among 
t h e  ( f u t u r e )  u s e r s  of t h e  s ign ,  no t  t he  gene ra l  publ ic .  I n  the  case  
of  road t r a f f i c  t h e s e  are t h e  dr ivers ;  i n  t h e  case of o t h e r  f i e l d s  of  
a p p l i c a t i o n  of s i g n s  one  is u s u a l l y  concerned w i t h  s p e c i a l l y  s e l e c t e d  
u s e r s ,  who are thoroughly tested as r e g a r d s  t h e i r  v i s u a l  performance. 
I n  B r i t a i n  a survey u s i n g  a s t a n d a r d i s e d  c l in i ca l  t e s t  of v i s u a l  
acuity‘ was conducted du r ing  t h e  per iod March t o  September 1976 
(Davison and I r v i n g ,  1980). D r i v e r s  were t e s t e d  a t  a t o t a l  of 25 
s i t e s  i n  England, Sco t l and  and Wales. The number of d r i v e r s  tested a t  
each s i t e  was predetermined, being p ropor t iona l  t o  t r a f f i c  volumes 
measured p rev ious ly  a t  a nearby census poin t .  

Dr ive r s  were t e s t e d  w h i l e  wearing s p e c t a c l e s  on ìy  i f  t h e s e  were 
observed t o  have been worn as they drove i n t o  t h e  test s i te .  They 
were d e l i b e r a t e l y  encouraged t o  r e a d  t h e  smallest p o s s i b l e  targets  of  
t h e  a c u i t y  chart. 

Scores were a v a i l a b l e  f o r  1368 d r i v e r s  of all ages combined; t h e i r  
d i s t r i b u t i o n  shown i n  Fig.  3 i s  v e r y  c l o s e  t o  t h e  Walraven and 

Blok1 and da ta. 

3.3.3 The effect of reduced v i s i o n  
It is  conven t iona l ly  assumed t h a t  t he  normal v i s u a l  system can 
d i s t i n g u i s h  d e t a i l  t h a t  subtends an a n g l e  of one minute of arc a t  t h e  

o b s e r v e r ’ s  eye. S ince  i e t t e r s  are o f t e n  cons t ruc t ed  on a 4x5 m a t r i x  
w i t h  a s t r o k e  o r  l imb w i d t h  about one f i f t h  t h e  o v e r a l l  h e i g h t  of a 

--------------I 

‘Measurements were made using a S n e l l e n  test char t  t h e  a c u i t y  v a l u e s  
of which  ranged from 6/60 t o  6/4.  Condit ions f o r  measuring v i s u a l  
a c u i t y  conformed i n  a l l  respects t o  B r i t i s h  Standard 4274 (il- 
l i t e r a t e  E, abr idged c h a r t ) .  
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l e t te r  (see Fig. 4 )  a genera l  r u l e  i s  t h a t  obse rve r s  w i t h  normaï 
v i s i o n  ( v i s u a l  a c u i t y  1 )  can read le t te rs  t h a t  have a h e i g h t  t h a t  
subtends  5 minutes  of arc a t  t h e  obse rve r ' s  eye. This means t h a t  t h e  
d i s t a n c e  D a t  which l e t t e r s  can be read by a person wi th  normal 
v i s i o n  i s  g iven  by t h e  formula 

H = 1.5 D ( 6 )  

where H i s  t h e  h e i g h t  of a l e t te r  i n  mm and D i s  t h e  maximum obser-  
v a t i o n  d i s t ance  i n  d i s t a n c e  i n  metres a t  which t h e  l e t t e r  i s  legible .  
The d i s t a n c e  D is  known as  t h e  l e g i b i l i t y  d is tance .  

5 

limb width and 
of arc gaps subtend 

one minofarc 

Fig. 4 The normal human v i s u a l  system can r e s o l v e  d e t a i l  subtending 
one  minute of a r c  a t  t h e  o b s e r v e r ' s  eye. Assuming t h e  l e t te r  
i s  cons t ruc ted  on  a 4x5 matrix t h e  he igh t  of t h e  smallest 
l e t t e r  tha t  can be read sub tends  5 minutes  of arc a t  the 
o b s e r v e r ' s  eye. 

A s i m p l e  s ta tement  of t h i s  r u l e  i s  t h a t  le t ters  w i l l  have a legibi l -  

i t y  d i s t a n c e  of 20 m f o r  every 30 mm of l e t t e r  height3,  bu t  there are 
many o t h e r  f a c t o r s  t h a t  need t o  be taken  i n t o  account  i n  determining 
a p r a c t i c a l  l e g i b i l i t y  d i s t a n c e  f o r  a g iven  l e t te r  h e i g h t .  For 

--------__----- 
3Kneebone (1964) d i d  a stuQr on l e g i b i l i t y  d i s t ance ,  
detai l  Annex I V ,  

see f o r  more 
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symbols t h e  l e g i b i l i t y  d i s t a n c e  h a s  t o  be defined f o r  each one 
s e p a r a t  e l  y. 
This  rule is  a p p r o p r i a t e  only when t h e  whole use r  popula t ion  has 
normal v i s i o n ,  as  m i g h t  be the  case i n  marine o r  a v i a t i o n  o p e r a t i o n s  
f o r  which s t r i n g e n t  v i s i o n  s t anda rds  are appl ied.  I n  o t h e r  circum- 
s t a n c e s ,  it cannot be assumed tha t  a l l  obse rve r s  have normal v i s u a l  
acu i ty .  For example, motor v e h i c l e  d r i v e r s  are usua l ly  permi t ted  t o  
have a degree of reduced v i s i o n  and i n  some a p p l i c a t i o n s  t h e  use r  
popula t ion  i s  no t  r equ i r ed  t o  meet any v i s u a l  s tandard.  I n  t h e  

gene ra l  popula t ion  a s i g n i f i c a n t  number of people have a reduced 
a b i l i t y  t o  see s m a l l  detai ls  because of an uncorrected r e f r a c t i v e  
e r r o r  o r  because of a disease o r  defect of t h e i r  eyes,  

From Fig. 5 i t  can be seen  t h a t  95% of an unse lec ted  gene ra l  popula- 
t i o n  have v i s u a l  a c u i t y  of 6/12 o r  better when wearing t he i r  usua l  
@asses. If t h e  l e t t e r i n g  i n  a s i g n  i s  t o  be legible f o r  95% of  t h e  
popula t ion  a t  t h e  des ign  d i s t a n c e  t h e  fo l lowing  formula based on  t h e  

h e i g h t  of the let ters subtending 10 minutes  of a r c  (6 /12  a c u i t y )  is 
appropr i a t e  : 

800 i 

F i  

legibility distance (ml 

, 5 L e g i b i l i t y  d i s t a n c e  i n  metres as  a f u n c t i o n  of l e t t e r  h e i g h t  
i n  mm assuming v a r i o u s  levels of worst  v i s u a l  a c u i t y  i n  the  
u s e r  populat ion.  The v i s u a l  acui t ies  assumed f o r  each l i n e  
are shown on t h e  l i n e s  i n  S n e l l e n  nota t ion .  The percentages  
i n  brackets a r e  t h e  percentages of an unse lec ted  genera l  
popula t ion  t h a t  would be able  t o  read t h e  l e t t e r s  of given 
he ight  a t  t h e  l e g i b i l i t y  d i s t ance ,  wearing t h e i r  glasses. 
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H = 2.9 D ( 7 )  

Fig. 5 r e l a t e s  l e g i b i l i t y  d i s t a n c e  t o  le t ter  he igh t  for v a r i o u s  
l e v e l s  of  v i s u a l  a c u i t y  and shows the  p ropor t ion  of t h e  populat ion 
t h a t  would be  able t o  r e s o l v e  le t ters  a t  the design d i s t a n c e  D. 

3.3.4 
Numerous studies e x i s t  concerning the r e l a t i o n  between v i s u a l  a c u i t y  
and luminance4. For t r a f f i c  s i g n s  however, only a l i m i t e d  number of 
r e s e a r c h  studies have been c a r r i e d  o u t .  

Visual a c u i t y  as a f u n c t i o n  of contrast (luminance) 

For t r a n s i l l u m i n a t e d  guide s i g n s  t h e  study of Van Meeteren e t  al. 
(1968) shows c l e a r l y  t h a t  a n  opt imal  v i s u a l  a c u i t y  can be reached at 
a luminance r a t i o 5  of approximately 10. This  va lue  is  a n  optimum for 
l i g h t  t e x t  on  a dark background. When a l i g h t  t e x t  wi th  a t e x t  
luminance of over 20 cd/m2 is used on a dark background such h ighe r  
luminance r a t i o s  can be t h e  cause of i r r a d i a t i o n  (Van Norren, 1981a). 

I n  t h e  Van Norren study a Landolt  C r i n g  was used as symbol, on a 
circular background. J a i n s k i  (1976, 1977) a l s o  used a Landolt  C r i n g  
i n  a s tudy on non s e l f  i l l u m i n a t e d  s i g n s  i n  which six d i f f e r e n t l y  
coloured s i g n s  were s tud ied .  He showed t h a t  v i s u a l  a c u i t y  not  o n l y  
depends o n  t h e  luminance r a t i o  between t e x t  and background, but i t  
also depends o n  t h e  colour  c o n t r a s t .  Furthermore t h e  J a i n s k i  s tudy  
(1977) shows t h a t  a t  smaller d i s t a n c e s  (50 m) t h e  shape i s  first  
r ecogn i sed  and  la ter  t h e  colour.  

4 A  s e p a r a t e  paragraph on t h e  effect  of s i g n  luminance i s  g iven  i n  
3.3.1 1. 

5Although t h e  word c o n t r a s t  i s  u s u a l l y  used i n  t h e  case of t r a f f i c  
s i g n s  and d i r e c t i o n  s i g n s ,  i t  is better t o  use luminance r a t i o .  This 
word i s  used in t h o s e  cases where t h e  a d a p t a t i o n  c o n d i t i o n  of t h e  
eye i s  not  clearly determined e i ther  by t h e  t e x t  o r  by the  
bac kground. 
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3.3.5 V i s u a l  f i e l d  
V i s u a l  f i e l d  defects can  be congenital o r  pa tho log ica l ,  t h e  l a t te r  
mainly i n  older age groups. A d i s t i n c t i o n  can also be made between a 
loss o r i g i n a t i n g  i n  t he  b ra in ,  which g e n e r a l l y  causes  a l o s s  of t he  
overlapping v i s u a l  f i e l d s  of both eyes  and a loss o r i g i n a t i n g  i n  t h e  

eye o r  t h e  o p t i c  nerve which can  appear i n  one eye only o r  can be 
d i f f e r e n t  for each eye. 

D i f f e r e n t  s t u d i e s  have shown (Thalman, 1971; Council and Allen,  1974; 
Vos, 1974) t h a t  a f a i r l y  restricted visual f i e l d  can be campensated 
q u i t e  w e l l  f o r  example by making more head and eye movements t h a n  a 
normal observer  (see ANNEX I f o r  road d r i v e r s ) .  

3.3.6 Colour vision, oolour vision deficiency 
No s t u d i e s  are known which prove a c o r r e l a t i o n  between decreased 
colour  d i s c r i m i n a t i o n  and a c c i d e n t  rate based upon a c c i d e n t  statis- 
t ics (Davison, 1978). It seems amazing that  so few problems arise i n  
practiceó, i n  view of t h e  d i f f i cu l t i e s  colour-defect ive people 
experience ( abou t  8 percent  of t h e  men and 0,6 per cent of the wanen) 
when they have t o  d i s c r i m i n a t e  c e r t a i n  c o l o u r s  under l a b o r a t o r y  
cond i t ions .  The s t a n d a r d i s a t i o n  of t he  r e l a t i v e  p o s i t i o n  of the  
c o l o u r s  red ,  yellow and g reen  i n  t ra f f ic  lights, and a l s o  a n  optimum 
choice of these colours (par .  4.3) h e l p s  people  wi th  such d i f f i -  
cul ties. 

3.3.7 Muîtiple word messages 
So far w e  have considered only t h e  l e g i b i l i t y  of s i n g l e  letters. 
Messages on  signs are usually made up of a word o r  a series of words 
and p r e d i c t i n g  l e g i b i l i t y  becomes a l i t t l e  more complex when strings 
of l e t te rs  are considered. 

Contour i n t e r a c t i o n  
F i r s t l y  a d j o i n i n g  l e t te rs  i n t e r a c t  w i t h  each o t h e r  and c a n  reduce 
l e g i b i l i t y .  This is  known as contour  i n t e r a c t i o n  (Flom e t  al. , 1963;  
Jacobs,  1979). If l e t t e r s  are  very close t o g e t h e r  l e g i b i l i t y  d i s t a n c e  

--------------- 
6Rren A u s t r i a i  one of t h e  last c o u n t r i e s  i n  Europe which r e fused  a 

d r i v i n g  l i c e n c e  t o  protanopes ("red bl inds")  h a s  r e c e n t l y  changed 
l e g i s l a t i o n ,  p a r t l y  on t h e  basis of a study of Verriest e t  aï. 
( 1979). 
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can  be reduced e s p e c i a l l y  f o r  w h i t e  l e t te rs  on  a b l ack  background 
(Anderton e t  al . ,  1974).  However, i f  t h e  space between l e t t e r s  i s  
greater than  20% of  t h e i r  he igh t ,  contour i n t e r a c t i o n  has  l i t t l e  
effect (Anderton e t  a l .  1974; Lotens and Van Leewen,  1 9 7 6 ~ ) .  Never- 
t h e l e s s ,  i t  should also be noted t h a t  borders placed c l o s e  t o  le t te rs  
can r educe  the l e g i b i l i t y  of t h e  l e t t e r s  (Anderton and Cole, 1982). 

An example of t h i s  i s  shown i n  Fig. 6 .  

Fig.  6 The heavy contour surrounding t h e  d i g i t s  i n  design 2 r educes  
t h e  l e g i b i l i t y  d i s t a n c e  of t h e  d i g i t s  by 10 t o  20%. The 
contour  i n  design 3 h a s  no contour i n t e r a c t i o n  a f f e c t i n g  
l e g i b i l i t y  and t h e  contour i n  design 1 causes  a slight 
r e d u c t i o n  of l e g i b i l i t y  of no practical  s i g n i f i c a n c e .  Data of 
Anderton, Johnston and Cole (1974). 

Contour i n t e r a c t i o n  i s  a readi ly  demonstrable phenomenon and can 
reduce l e g i b i l i t y  b u t  t h e  e f fec ts  a r e  marginal. The spacing of 
l e t t e r s  and graphics need not  be a primary c o n s i d e r a t i o n  i n  t h e  
des ign  of s i g n s  provided l e t t e r s  are  no t  unduly crowded and surround- 
i n g  g r a p h i c s  are no t  t o o  bold and c l o s e  t o  the letters. Uncorrected 
astigmatism can a f f e c t  contour i n t e r a c t  ion.  

3 . 3 . 8  Effect of t h e  l e n g t h  of t h e  message 
A long word or a s t r i n g  of words w i l l  not be l e g i b l e  a t  a s i n g l e  
g l ance  i f  t h e  i n d i v i d u a l  l e t t e r s  a re  of a s i z e  t h a t  i s  close t o  t h e  

limits of v i s u a l  a c u i t y .  The reason  for t h i s  i s  t h a t  a n  extended 
message w i l l  be imaged, i n  p a r t ,  on t h e  pe r iphe ra l  r e t i n a  where 
v i s u a l  a c u i t y  i s  l e s s  t h a n  i t  i s  a t  t h e  c e n t r e  of t h e  fovea.  If 
f i x a t i o n  is, say,  on t h e  f i rs t  l e t t e r  of a long  word or a string of 
words t h e  l e t t e r  s t r i n g  w i l l  extend from t h e  c e n t r e  of t h e  fovea  
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where a c u i t y  is  b e s t  i n t o  t h e  pe r iphe ra l  r e t i n a  where v i s u a l  a c u i t y  
diminishes progress ive ly .  This  is i l l u s t r a t e d  i n  Fig. 7. The l o s s  of 
l e g i b i l i t y  due t o  t h e  lower r e s o l v i n g  power of t h e  pe r iphe ra l  r e t i n a  
is made greater by t h e  fact  t h a t  contour  i n t e r a c t i o n  i s  greater i n  
t h e  per iphery t h a n  i t  is  a t  the c e n t r e  of t h e  fovea  (Jacobs,  1979) .  

extended message 
aged on the retina 

acuity 6/12 

Fig.  7 The extended message ltLOOSE STONESt1 imaged o n  t h e  r e t i n a  of  
t h e  eye. F i x a t i o n  is on  t h e  let ter L which is imaged a t  t h e  
c e n t r e  of the  fovea  where v i s u a l  a c u i t y  is 6/6 o r  better. The 
message string ex tends  i n t o  t h e  pe r iphe ra l  r e t i n a  some 2 
degrees  from the  c e n t r e  of t h e  fovea  where t h e  a c u i t y  i s  
6/12. Thus i f  t h e  let ters were 5 minutes  of arc high only  t h e  
first few letters i n  t h e  word LOOSE would be r e so lved  and i t  
would r e q u i r e  two f i x a t i o n s ,  even t h r e e ,  i n  o r d e r  t o  read t h e  
whole message. 

3.3.9 Visual acuity i n  peripheral vis ion 
Cole and Jacobs (1978) developed a model that  t akes  i n t o  account  t h e  
reduced v i s u a l  a c u i t y  of t h e  pe r iphe ra l  r e t i n a  and t h e  inc reased  
contour  i n t e r a c t i o n  t h a t  o c c u r s  i n  the  per iphery  t o  p r e d i c t  the  
maximum leng th  of a word tha t  can be reso lved  f o r  a g iven  l e t te r  
s t r o k e  wid th .  The r e l a t i o n s h i p  they d e f i n e  i s  

L = 54  S - 0.024 D í 8) 

where L is t h e  maximum l e n g t h  if t h e  word o r  legend is  t o  be legible 
a t  a s i n g l e  glance,  S is  t h e  s t roke  w i d t h  of t h e  l e t t e r s  and D i s  t h e  
obse rva t ion  d is tance .  A l l  terms are i n  t h e  same u n i t s .  
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The r e l a t i o n s h i p  i s  based on t h e  assumption t h a t  t h e  words i n  t h e  

extended message w i l l  be read a t  a s i n g l e  g lance  w i t h  a 95% chance of 
t h e  words being read c o r r e c t l y .  The r e l a t i o n s h i p  assumes t h a t  fixa- 
t i o n  i s  o n  the i n i t i a l  l e t t e r  of t h e  word or  s t r i n g  of words. Letter 
he ight  can  be assumed t o  be 5 times t h e  s t roke  w i d t h .  

The model was s u b j e c t  t o  empi r i ca l  t e s t  (Cole and Jacobs ,  1978; 
Jacobs  and Cole, 1978) and shown t o  v a l i d  for  s i n g l e  l i n e  s t r i n g s  of 
two or three words read a t  a s i n g l e  glance.  It does  not  h o l d  f o r  
l onge r  messages e s p e c i a l l y  when there is  more t h a n  one l i n e  of words. 
Longer m u l t i p l e  l i n e  messages a re  n o t  read c o r r e c t l y  a t  a s i n g l e  
g lance  even  though t h e  l e t te rs  may be l a r g e  enough t o  be reso lved .  

If a s i g n  message must be read e a s i l y  and a t  a s i n g l e  g lance ,  i t  
should c o n t a i n  no more t h a n  three words and t h e  r e l a t i o n s h i p  between 
s t r o k e  wid th ,  message l e n g t h  and obse rva t ion  d i s t a n c e  g iven  i n  
e q u a t i o n  (8)  should  be followed. 

3.3.1 O Contrast between letters and t h e i r  background 
The l e g i b i l i t y  of l e t t e r s  o r  o t h e r  g raph ic s  o n  a s i g n  w i l l  be best 
when there i s  good c o n t r a s t  between t h e  l e t te rs  o r  g r a p h i c s  and t h e i r  

background. ?he highest c o n t r a s t  w i l l  be achieved w i t h  black l e t te rs  
o n  a w h i t e  background or  w i t h  w h i t e  let ters on  a b lack  background. 
Reduction of c o n t r a s t  t ends  t o  r educe  l e g i b i l i t y ,  This i s  shown i n  
Fig. 8. 

However, i t  can be s e e n  from Fig. 8 t h a t  c o n t r a s t  does not  have a 
great effect  o n  l e g i b i l i t y  u n t i l  c o n t r a s t  i s  reduced below 40%. A t  
50% c o n t r a s t ,  l e g i b i l i t y  d i s t a n c e  is about  17 m per  30 mm of l e t te r  
h e i g h t  ( f o r  a luminance of 10 cd/m2) which is  not  much less t h a n  t h e  
20 t o  22 m p e r  30 mm a t  100% c o n t r a s t .  

Con t ra s t  becomes a more complex c o n s i d e r a t i o n  when t h e  backgrounds of 
s i g n s  are coloured.  Coloured backgrounds w i l l  r educe  luminance 
c o n t r a s t :  f o r  example, w h i t e  l e t t e r s  on a g reen  background w i l l  have 
a lesser b r i g h t n e s s  c o n t r a s t  t h a n  w h i t e  l e t t e r s  o n  a black background 
simply because g reen  r e f l e c t s  more l i g h t  than  does  black. However, 
t h e  l o s s  of b r igh tness  c o n t r a s t  due t o  t h e  use  of co lou r s  may be 

o f f s e t  by the  i n t r o d u c t i o n  of co lour  c o n t r a s t .  Never the less  c e r t a i n  
co lour  combinations such as b lack  on dark  b lue ,  b lack  o n  reds or  
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white  on yellow should be avoided i f  good l e g i b i l i t y  i s  t o  be 
achieved. 

Fig. 8 Effect of 

I I 1 I 

20 LO 60 80 1 O0 
contrast ( % I  

luminous c o n t r a s t  on l e g i b i l i t y  d i s t a n c e .  Re- 
produced wi th  permission from Cole -(1972). The figure fs 
based o n  t h e  data of Connor and Ganoung (1935). 

A f u r t h e r  complicat ion arises through t h e  use of r e f l e c t o r i s e d  
background material. R e f l e c t o r i s e d  background material can g i v e  rise 
t o  h igh  luminances and reduce c o n t r a s t  f o r  w h i t e  le t ters .  

H i l l s  and Freeman (1970) have considered t h e  problems of t h e  use of 
co lou r  and r e t r o r e f l e c t i v e  material i n  s i g n s  and provide data and a 
method of design. They accept  t ha t  as  soon a s  t h e  background of a 
s i g n  is r e f l e c t o r i s e d  i t  will cause a r e d u c t i o n  of contrast f o r  w h i t e  

l e t t e r s  and w i l l  t h e r e f o r e  reduce l e g i b i l i t y .  They propose t h a t  t h e  

maximum acceptable l o s s  of l e g i b i l i t y  should be 10% and o n  t h a t  
assumption and making use  of t he i r  empir ical  data set  o u t  a table of 
minimum r a t i o s  of legend t o  background s p e c i f i c  luminances. Theír 
recommendations are reproduced i n  T a b l e  II. 
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Table II. Minimum r a t i o s  of legend luminance t o  background luminance 
f o r  w h i t e  l egends  o n  r e d ,  g reen  and b lue  r e t r o r e f l e c t i v e  
backgrounds viewed a t  n i g h t  f o r  two l egend luminances. 

3.3.1 1 E f f e c t  of s i g n  luminance 
Visual  a c u i t y  is bes t  a t  luminances greater than  100 cd/m2 and for  
luminances less  t h a n  10  cd/& v i s u a l  a c u i t y  reduces  r ap id ly .  S i g n s  
need t o  be e x t e r n a l l y  o r  i n t e r n a l l y  i l l umina ted  o r  cons t ruc t ed  of 
r e t r o r e f l e c t i v e  material if they are t o  be l eg ib le  a t  night .  

Visua l  a c u i t y  can be adve r se ly  affected i f  t h e  s i g n  h a s  a very  h igh  
luminance i n  o therwise  d a r k  sur roundings  (Godthelp, 1981 ; Van Norren, 
1981a). However, Anderton and Cole (1982) found t h a t  there was no 
r e d u c t i o n  i n  l e g i b i l i t y  i n  t h e  d i g i t s  of speed r e s t r i c t i o n  s i g n  when 
i t  was suddenly shown i n  dark su r round ings  a t  a b r igh tness  o f  130 
c d / d  compared t o  l e g i b i l i t y  a t  30 cd/m2. The luminance of 100 cd/$ 
corresponds t o  t h e  t y p i c a l  luminance of a s i g n  i l l umina ted  by head- 
lights ref lected by h igh  e f f i c i e n c y  wh i t e  r e t r o r e f l e c t i v e  material 
and t h e  result s u g g e s t s  t h a t  s i g n s  can have  q u i t e  h igh  luminances a t  
n igh t  w i thou t  any decrement of l e g i b i l i t y .  

3.3.12 R e l a t i v e  movement 
Visual  a c u i t y  is reduced when t h e  target moves r e l a t i v e  t o  t h e  
observer  (Ludvigh and Miller, 1962; Brown, 1972a,b)  and s i n c e  u s e r s  
of s i g n s  are o f t e n  moving r e l a t i v e  t o  t h e  s i g n  t h i s  migh t  be con- 
s ide red  t o  be a f a c t o r  de te rmining  s i g n  l e g i b i l i t y .  Visua l  a c u i t y  
reduces  as a l i n e a r  f u n c t i o n  of target v e l o c i t y ;  a t  a n  angu la r  
v e l o c i t y  o f  1 degree/second there i s  a j u s t  n o t i c e a b l e  loss of a c u i t y  
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( t o  about 6/91, wh i l e  a t  a v e l o c i t y  of 4 degrees/second t h e  loss  of 
v i s u a l  a c u i t y  i s  q u i t e  a p p r e c i a b l e  (about  6/18) .  However, even f o r  
t h e  d r i v e r  of a v e h i c l e  moving a t  high speeds t h e  angu la r  v e l o c i t y  of 
a s i g n  i s  r e l a t i v e l y  low provided that  t h e  s i g n  is a t  a reasonable  
d i s t a n c e  ahead of t h e  v e h i c l e  and t h e  o f f s e t  of t h e  s i g n  f rm t h e  
path of t r a v e l  of the  v e h i c l e  i s  not t oo  great. 

The o b s e r v a t i o n  geometry should be such t h a t  t h e  angu la r  v e l o c i t y  
wi th  respect t o  t h e  obse rve r  should not exceed 1 degree per second. 
For a v e h i c l e  t r a v e l l i n g  a t  100 km/h a s i g n  must have l e t t e r s  l a r g e  
enough for the s i g n  to  be r eadab le  a t  d i s t a n c e s  of more than 75 m i f  

l e g i b i l i t y  is not  t o  be s i g n i f i c a n t l y  reduced by t h e  angular  v e l o c i t y  
of s i g n  r e l a t i v e  t o  t h e  observer .  S igns  t h a t  have s h o r t  l e g i b i l i t y  

d i s t a n c e s  are  l i k e l y  t o  be very d i f f i c u l t  t o  read from a moving 
v e h i c l e  because of t h e  a n g u l a r  movement of t he  s i g n  r e l a t i v e  t o  the 
observer.  

3.3.1 3 Letter style 
Provided elaborately d e c o r a t i v e  styles of l e t te rs  a r e  excluded, 
l e t t e r  s t y l e  does not  have a great e f f e c t  on  l e g i b i l i t y  (Padmos and 
Blokland, 1979; Cole and Madigan, 1982) .  Stroke w i d t h  and w i d t h  t o  
h e i g h t  r a t i o  are not  cr i t ical  f a c t o r s  (Lo tens  and Van Leewen ,  1976b; 
McCormick, 1970) , however, i n  gene ra l ,  stroke width t o  h e i g h t  r a t i o  
should be about 1:6 and p re fe rab ly  not g r e a t e r  t han  1:lO and t h e  

w i d t h  t o  h e i g h t  r a t i o  of let ters should be greater than  0.55 wi th  an 
optimum of  1 (Woltman, 1972). White l e t t e r s  on  a b l a c k  background 
should have a t h i n n e r  s t r o k e  w i d t h  t h a n  b l ack  let ters on white, and 
should be more widely spaced s i n c e  w h i t e  let ters appear t o  spread so 
t h a t  t h e  s t r o k e  w i d t h  appears  greater, and le t te r  spac ing  appea r s  
narrower t h a n  i t  a c t u a l l y  is. Th i s  can reduce l e g i b i l i t y  marginal ly  
through contour i n t e r a c t i o n .  

3.3.14 Effect of f a m i l i a r i t y  
Alphabetic s i g n s  may have l e g i b i l i t y  d i s t a n c e s  g r e a t e r  t h a n  would be 
expected by p r e d i c t i o n  from t h e  v i s u a l  a c u i t y  of t he  obse rve r  s i n c e  
t h e  envelope of t h e  word and, i n  t h e  case of m u l t i p l e  word s i g n s ,  t h e  

l a y o u t  of t h e  words provide cues t o  t h e  message even when t h e  in-  
d i v i d u a l  l e t t e r s  cannot be resolved.  Jacobs e t  a l .  (1975) found t h a t  

l e g i b i l i t y  d i s t a n c e s  f o r  a l p h a b e t i c  road s i g n s  were some 30 t o  70% 
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greater than  those p r e d i c t e d  from v i s u a l  a c u i t y  and f o r  some s i g n s  
l e g i b i l i t y  d i s t a n c e s  were over twice what i s  expec ted  from t he  v i s u a l  
a c u i t y  of t h e  observer .  

3.3.15 Upper case v e r s u s  lower case 
Lower case l e t t e r i n g  i s  o f t e n  used i n  s igns ,  i n  pa r t  because t h e  

appearance of t h e  s i g n  i s  usua l ly  more a t t r a c t i v e  when lower case 
l e t t e r i n g  i s  used. However, t h e r e  i s  some u n c e r t a i n t y  a s  t o  whether 
upper case or lower case is t h e  more legible .  It can be argued t h a t  
upper case w i l l  be t h e  more leg ib le  s i n c e  t h e  l e t t e r s  have a larger 
he igh t  t han  lower c a s e ;  a l t e r n a t i v e l y  i t  can be argued t h a t  t h e  

a scende r s  and descenders  of lower case l e t t e r s  g i v e  words a char- 
acter is t ic  shape t h a t  e n a b l e s  t h e  word t o  be recognized even though 
t h e  i n d i v i d u a l  l e t t e r s  cannot be reso lved .  

There i s  gene ra l  agreement t h a t  i n  r e a d i n g  extended text ,  t e x t  which 
i s  e n t i r e l y  i n  c a p i t a l s  i s  less e a s i l y  read t h a n  when lower case 
le t te rs  a re  used. F luent  r ead ing  i s  no t  based on  t h e  r e c o g n i t i o n  of 
i n d i v i d u a l  l e t t e r s  but o n  t h e  r e c o g n i t i o n  of whole words and groups 
of words. I n  t h i s  process t h e  shape o r  envelope of words i s  no doubt 
impor tan t  (Huey, 1916; Vernon, 1931; P a t t e r s o n  and Tinker ,  1940) .  

However, most s i g n s  d i s p l a y  only one or  a few words and therefore 
o f f e r  fewer con tex tua l  cues  t o  r ecogn i t ion .  The q u e s t i o n  may there- 
f o r e  be asked whether  words i n  s i g n s  t h a t  are e n t i r e l y  i n  cap i t a l s  
are  more l eg ib l e  than  words d i sp layed  u s i n g  lower case or  w h e t h e r  

lower case le t te rs  o f f e r  greater l e g i b i l i t y .  The answer depends o n  
t h e  c r i t e r i o n  f o r  eva lua t ion .  Forbes e t  a l .  (1950) r e p o r t  data t o  
conclude t h a t  lower case i s  more l e g i b l e  than  upper case when t h e  

words are compared on t h e  bas i s  of equal  l e n g t h  but  t h a t  upper case 
is  more leg ib le  when t h e  comparison i s  made on t h e  basis of over -a ï1  
l e t t e r  h e i g h t  ( i n c l u d i n g  t h e  a s c e n d e r s  of lower case le t ters) .  
C h r i s t i e  and Rutley (1961)  and Hutchinson (1961) found l i t t l e  d i f f e r -  

ence between t h e  l e g i b i l i t y  of upper and lower case when compared o n  
t h e  basis of equal word l eng th .  

Johnston (1974) i n  a ve ry  careful l a b o r a t o r y  experiment found t h a t  
upper case words were more l e g i b l e  a t  both th re sho ld  (50% p r o b a b i l i t y  
of  c o r r e c t  r e c o g n i t i o n )  and when t h e  words were more r e a d i l y  s e e n  
(95% p r o b a b i l i t y  of c o r r e c t  r e c o g n i t i o n )  when t h e  comparison was made 
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on the  basis of equal  i n i t i a i  c a p i t a l  l e t t e r  h e i g h t .  Th i s  i s  no t  a 
s u r p r i s i n g  result s i n c e  the c a p i t a l  l e t t e r s  have a Euch g r e a t e r  
ove r -a i l  he igh t  t h a n  the  l o o p  h e i g h t  of lower case. It s u g g e s t s  
however, t h a t  the characterist ic shape of lower case words given by 

t h e i r  a scende r s  and descenders  is n o t  a s t r o n g  and re l iab le  cue f o r  
recogni t ion .  Words i n  upper case have a l e g i b i l i t y  d i s t a n c e  about  20% 
greater t h a n  words i n  lower case when t h e  comparison is made on t h e  

basis of equal i n i t i a i  c a p i t a l  l e t t e r  height.  

When t h e  comparison is made such t h a t  t h e  l o o p  he igh t  of t h e  lower 
case l e t t e r s  i s  the  same a s  t h e  h e i g h t  of t h e  c a p i t a l  l e t t e r s ,  words 
i n  lower case le t ters  are more leg ib le  t h a n  those i n  upper case. 

However, Johnston (1974) p o i n t s  o u t  t h a t  t h e  pract ical  basis of 
comparison i s  t h e  area of the s i g n  t h a t  is occupied by t h e  word, 
s i n c e  t h e  over-all  size of t h e  s i g n  face necessary t o  ach ieve  a 
des i red  l e g i b i l i t y  d i s t a n c e  i s  a very  p r a c t i c a l  cons idera t ion .  When 
compared on  t h e  b a s i s  of equal  area e n c l o s i n g  t h e  words there is 
l i t t l e  d i f f e r e n c e  i n  t h e  l e g i b i l i t y  of lower case and upper case 
words a t  50% p r o b a b i l i t y  of c o r r e c t  r e c o g n i t i o n  and a slight ad- 

vantage t o  upper case when t h e  comparison is  made a t  95% p r o b a b i l i t y  
of r ecogn i t ion .  

Thus i t  can be concluded t h a t  wh i l e  words e n t i r e l y  i n  c a p i t a i s  may 
have some advantage i n  l e g i b i l i t y  compared t o  lower case, t h e  ad-  

vantage is  marginal  and l i t t l e  l o s s  of l e g i b i l i t y  w i l l  r esu l t  i f ,  f o r  
aesthetic reasons ,  lower case is p re fe r r ed .  

3 . 3  . 1 6 L e g i b i l i t y  of symbols 
Symbolic s i g n s  u s u a l l y  have g r e a t e r  l e g i b i l i t y  t han  alphabe t i c  s i g n s  
s i n c e  symbols are g r a p h i c a l l y  less complex t h a n  l e t t e r s  and can use  
much bolder  s t roke  w i d t h s .  Jacobs e t  al. (1975)  compared t h e  l e g i b i l -  
i t y  of symbolic and a l p h a b e t i c  s i g n s  and showed tha t  symbolic s i g n s  
have l e g i b i l i t y  d i s t a n c e s  t h a t ,  on average,  are twice those  f o r  

corresponding a l p h a b e t i c  s igns .  This i s  i l l u s t r a t e d  i n  F ig .  9. 

However, i t  must not  be assumed t h a t  symbolic s i g n s  a re  i n t r i n s i c a l l y  
h igh ly  l e g i b l e ;  t hey  must be c a r e f u l l y  designed t o  ensu re  good 
l e g i b i l i t y .  The c r i t i c a l  d e t a i l  t h a t  enab le s  t h e  symbol t o  be recog- 
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Fig. 9 The l e g i b i l i t y  distances at 50% probability of recognition for 
symbolic and a lphabet ic  signs disp lay ing  t h e  same messages. 
Reproduced with permission f rom Jacobs et al, (1975) .  
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