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I» PRELIMINMY DISCUSSION

A0 THE PROBLEM

W ill th e  speed and accuracy  of c o n tro ls  s e le c t io n  fee improved 

fey th e  a d d itio n  o f c o lo r  coding  to  la b e ls  s o r by s u b s t i t u t io n  o f 

c o lo r  coding f o r  la b e ls ?

Ten y ea rs  ago , when th e  f i r s t  tex tb o o k  in  the  f i e l d  of human 

f a c to r s  en g in ee rin g  was p u b lish ed  (.12), au th o rs  C hapanis, Garner 

and Morgan appeared  q u ite  c e r ta in  t h a t  c o lo r  would indeed  improve 

th e  d i s t in g u i s h a b i l i ty  of c o n tro ls » ’’P a in tin g  d i f f e r e n t  co n tro ls  

d i f f e r e n t  co lo rs  i s  a n o th e r obvious way of making c o n tro ls  d i s t i n 

g u ish ab le” , th e y  w ro te«

. In h e re n t in  t h a t  s ta te m e n t, however, was th e  f a c t  th a t  i t  con

s t i t u t e d  an h y p o th e s is , n o t a s c i e n t i f i c a l l y  proven p r in c ip le  o f 

p sy chophysics0 Aware o f the. h y p o th e tic a l  n a tu re  of t h e i r  p o s tu la te ,  

th ey  a d d e d .th is  comment, ’’D esp ite  th e  f a c t  th a t  c o lo r  coding would 

be an obvious advan tage , th e re  has been r e l a t i v e ly  l i t t l e  re se a rc h  on 

th e  problem , and r e l a t i v e l y  l i t t l e  use has been made of c o lo r cod

ing o f c o n tro ls . 0 , Only sy s te m a tic  re se a rc h  on th i s  problem , how

e v e r, can t e l l  us how to  use c o lo r  coding o f c o n tro ls  most e f f e c t i v e l y ,”

Also w r it in g  o f th e  problem  in  1949, S te l l a r  (41) p o s tu la te d  

’’C on tro ls  should  be made as d i s t in c t iv e  as p o s s ib le ” , He c i te s

1
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th e  e a r ly  work o f W eitz (45)' and comments t

A lthough th e se  r e s u l t s  c le a r ly  show th a t  shape and c o lo r  cod
ing  or shape a lone  h e lp  reduce co n fu sio n  e r ro rs  when th e  pos
i t io n s  o f c o n tro ls  a re  in te rch an g ed , i t  shou ld  be p o in te d  out th a t  
f u r th e r  work oh th i s  problem  i s  necessary ,, eooFurther work must be 
done on th e  use of s iz e  coding and th e  use of shape and c o lo r  cod
ing  on c o n tro ls  o th e r th a n  le v e rs  os® where the o v e r a l l  e f f ic ie n c y  
of th e  o p e ra to r can be measured w ith  and w ithou t th e  b e n e f i t  of 
coding®

Ten y ears  l a t e r  i i  i s  s t i l l  t r u e  t h a t  r e l a t i v e l y  l i t t l e  use has 

been made of c o lo r  coding c o n t r o ls # The c o n tro l  p an e ls  o f th e  e l e c t 

ro n ic s  f i e l d ,  th e  motor v e h ic le  f i e l d ,  th e  a i r c r a f t  f i e l d  and now th e  

m is s i le  f i e l d  rem ain  g e n e ra lly  monochromatic as to  c o n tro ls  coding*

While c o lo r  has been in tro d u ced  f o r  a e s th e t ic  e f f e c t  in to  au to 

m obile dashboards, w ith  m atching s te e r in g  w heels and s e a t  co v e rs , c o lo r  

has n o t been used to  p a r t i c u l a r ly  improve th e  d i s c r im in a b i l i ty  of con

t r o l s *  .

Ten y ears  l a t e r  i t  a lso  i s  t r u e  t h a t  r e l a t i v e ly  l i t t l e  r e 

sea rch  on th e  co lo r, coding problem  has been accom plished* While im

p o r ta n t  amounts o f human f a c to r s  re s e a rc h  tim e has been in v e s te d  in  an

th ro p o m etries  , in  the  l e g i b i l i t y  o f d ia ls  and ra d a r  sco p es , in  sym bolic 

and p i c t o r i a l  d is p la y s ,  in  c o n tro ls  knobs, sw itch es , handw heels, c ra n k s , 

le v e r s ,  fo o tp e d a ls , covers and c a s e s , a s  w e ll  as in  f a c to r s  of ambient 

environm ent, hazards and s a f e ty ,  th e re  a re  to  d a te  perhaps l e s s  th an  te n  

s tu d ie s  re p o r te d  in  th e  l i t e r a t u r e  which d e a l  d i r e c t ly  w ith  th e  b a s ic  

problems o f c o lo r  coding c o n tro ls  and indicators@  Subsequent .sec tio n s  

o f t h i s  paper w i l l  o f f e r  rev iew  and comment on th e  few s tu d ie s  found 

to  have been concerned w ith  th o se  problems®
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B« INDICES THAT COLOR C0UU3 BE PAMMOUNT HSf CONTROLS- AND INDICATOR 

CODING

S tu d ies  of th e  psychophysics o f v is io n  may be s a id  by now to 

have r a th e r  f irm ly  e s ta b l is h e d  s e v e ra l  fundam ental human c a p a b i l i 

t i e s  as to  co lo r p e rc e p tio n , A review  of the l i t e r a t u r e  re v e a ls  

co n sid e ra b le  agreem ent on c e r ta in  b a s ic  d a ta  p e r t in e n t  to  co lo r 

coding problemso

For exam ple, persons w ith  co lo r-n o rm al v is io n  can d is t in g u is h
'' ' ■

a very  la rg e  number of d i f f e r e n t  c o lo rs ,  recogn iz ing  q u i te  s u b tle

v a r ia t io n s  on th r e e  l e v e l s ,  namely hu e , b r ig h tn e s s  and sa tu ra tio n ®

Judd (28) r e p o r ts  "about 10 m ill io n  su rfa c e  c o lo rs  can be d i s t i n 

guished by th e  norm al human,, eye under optimum observ ing  co n d itio n s  

• o o perhaps h a l f  a m il l io n  co n sid e red  to  be com m ercially  d i f f e r 

ent®" , .

B oring , la n g fe ld  and Weld (9 ) in d ic a te  some 300,000 d i f f e r e n t  

co lo rs  can be d is t in g u is h e d  by the  human eye® Maerz and P au l (33) 

l i s t  7000 c o lo rs  in  t h e i r  D ic tio n a ry  o f  C olor® K e lly  and Judd (2 9 ) , 

u s in g  th e  ISCC-NBS method of d e s ig n a tin g  c o lo rs ,  have named 7500 

co lo rs  in  t h e i r  Bureau o f S tandards C irc u la r  No® 558®

While reco g n iz in g  th e  marked sp read  of th e se  s t a t i s t i c s ,  th e re  

i s  no doubt th a t  c o lo r  p e rc e p tio n  fo r  th e  norm al human eye has 

g re a t ranges of d isc r im ln a b ility ®  Furtherm ore, s tu d ie s  of memory 

f o r  c o lo r ,  (25) and (1 1 ), have dem onstrated  th a t  s u b je c ts  w ith  

norm al c o lo r  v is io n  can be t r a in e d  to  d is t in g u is h  and id e n t i f y
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c o lo rs  from, memory w ith  h igh  degrees of a ccu racy <,

At l e a s t  two s tu d ie s ,  (19) and (4 3 ) , o f f e r  ev idence th a t  c o lo r 

used as a cue fo r  d is c r im in a tio n  o f  c o n tro ls  produces s ig n i f i c a n t ly  

f a s t e r  RT th an  cues o f form , s i z e ,  or b r ig h tn e s s 0

R esearch re p o r te d  in  th i s  paper p re se n ts  ev idence th a t  c o n tro ls  

u s in g  polychrom atic  coding produce s ig n i f i c a n t ly  f a s t e r  s e le c t io n  

RTs th an  c o n tro ls  u s in g  monochromatic la b e ls  on ly0

In  summary, i t  seems c le a r  t h a t  th e  c a p a b i l i ty  o f th e  norm al 

human eye to  reco g n ize  and d is t in g u is h  d if fe re n c e s  in  c o lo r ,  in 

c lu d in g  the  v a r ia t io n s  of hue, b r ig h tn e s s  and s a tu r a t io n ,  is  a p a ra 

mount c a p a b i l i ty  which can be o f prim e im portance to  human fa c to rs  

eng ineeringo  I t  i s  a ls o  c le a r  th a t  th e  u se fu ln e ss  of t h i s  capa

b i l i t y  has y e t to  be f u l l y  reco g n ized  and thorough ly  s tu d ie d .  In  

f a c t ,  th e  a re a  of c o lo r  coding i s  perhaps one of th e  p o o re s t 

s tu d ie d  in  human f a c to r s  r e s e a rc h .

I t  i s  l ik e ly  t h a t  a good d e a l  of th e  r e s is ta n c e  to  c o lo r coding 

v is u a l  d isp la y s  has stemmed from  th e  d i f f i c u l t i e s  in h e re n t in  con

t r o l l i n g  f r o n t  i l lu m in a tio n  o f a i r c r a f t  p i l o t s '  c o c k p its . At n ig h t ,  

w ith  h is  requ irem ents to  t a k e - o f f ,  f l y  and land as e f f i c i e n t l y  and 

s a fe ly  as during  th e  day , the  p i l o t  needs c o n tro l  p a n e l i l lu m in a tio n  

of th e  low est l e v e l  c o n s is te n t  w ith  l e g i b i l i t y .

However, th e re  i s  l i t t l e  re a so n  to  condemn a l l  o th e r  c o n tro ls  

and in d ic a to r  p an e ls  to  monochromatic designs m erely because of the 

p i l o t ' s  s p e c ia l  problem . Indeed , aboard  a i r c r a f t  h a v in g 'm u lt i-  

membered crew s, th e r e  i s  no need to  t r e a t  a l l  c o n tro l  s ta t io n s  as
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being  s im i la r  in  l im ita t io n s  to  th e  p i l o t ' s  c o c k p ite . The n a v ig a to r ,  

th e  e n g in ee r, th e  ra d io  o p e ra to r , as w e ll  as the  bom bard ier, perform  

th e i r  re s p e c tiv e  fu n c tio n s  by use o f in s tru m en ts  o n ly , have no opera

t i o n a l  need f o r  d a y lig h t or windows* T h e ir s ta t io n s  can be a r t i 

f i c i a l l y  l ig h te d  and h e ld  under s te a d y - s ta te  c o n tro l le d  i l lu m in a tio n  

w ith o u t im pairing  in  any way th e i r  o p e ra t io n a l  d u tie s*

Once th e  d e s ig n e r 's  a t t e n t io n  moves from A ir c r a f t  to  th e  hun

dreds of o th e r f i e ld s  w herein  th e  v is u a l  d isp la y  i s  a s tan d a rd  item , 

i t  shou ld  be obvious th a t  th e  s p e c ia l  l im ita t io n s  of th e  p i l o t ' s  

co ck p it a re  n o t p re sen t*  Thus, in  any s i tu a t io n  which p e rm its  p an e l 

i l lu m in a tio n  to  be c o n tro l le d ,  and c o n tro l le d  l ig h t in g  i s  p o ss ib le  

in  th e  g re a t m a jo r ity  of s i t u a t io n s ,  c o lo r  coding of c o n tro ls  and 

in d ic a to r s  can be undertaken  w ithou t f e a r  o f c o lo r d i s to r t i o n  due to  . 

l ig h t in g  changes*

At t h i s  p o in t in  th e  developm ent o f human f a c to r s  en g in ee rin g , 

i t  is  t r u e  th a t  th e  body o f v a l id a te d  d a ta  on co lo r coding i s  sm a ll, 

in co m p le te , and b e se t w ith  a n c i l l a r y  problems of v is io n  and percep 

t io n  a ls o  in  need o f f u r th e r  re sea rch *

But th e re  a re  now on re c o rd  p ro b ab ly  enough indep en d en tly  con

ducted  s tu d ie s  of c o n tro ls  and in d ic a to r  co lo r coding to  re v e a l more 

th an  a tre n d  or in c l in a t io n  fav o rin g  th e  use of co lo r as a  coding 

method* The d a ta  e s ta b l is h e d  by th e  m ajor s tu d ie s  rev iew ed in  th is  

pap er a re  s u f f i c i e n t ly  firm  to  perm it th e  fo llow ing  p ro g n o s i t ic a t io n  

to  be madeg

C olor coding may be the  s u p e r io r  method fo r  coding c o n tro ls  and
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in d ic a to r s ,  bo th  as to  speed and accuracy  of d is c r ira in a b i l i t ,y s f o r  th e  

m a jo rity  of in s tru m e n ta tio n  in  th e  m a jo rity  o f •v i s u a l  d is p la y  a p p lic 

a tio n s  »

C„ SOME STUDIES SEMTED TO THE,;PROBLEM 

1= PSiF P u b lish ed  Data

a e The Aero M edical L aborato ry  R eports

A human f a c to r s  en g in ee r rev iew ing  the l i t e r a t u r e  t o  e v a lu a te  

t h e ,e f fe c t iv e n e s s  of co lo r as a coding dev ice  fo r  v i s u a l  d isp la y s  

w i l l  d isco v e r c o n tra d ic to ry  r e p o r t s .

I f  he tu rn s  to  th e  f i l e  of re s e a rc h  p u b lish ed  by W right A ir 

Development C en ter Aero M edical L aboratory  he w i l l  n o te ,  fo r  ex

ample, th a t  WADC TR 55-472 (36) and WADC TR 56-226 (5 ) both re p o r t  

c o lo r  coding was found in f e r io r  to  o th e r ty p es  o f coding® Again in  

WADC TR 53-221 (26) and WADC TR 55-471 (15) he w i l l  f in d  s iz a b le  

l i s t s  of reaso n s why c o lo r  coding i s  disadvantageous®

When he review s p u b lic a tio n s  of th e  A ir Force B a l l i s t i c  

M iss ile  D iv is io n , such as AFBM E x h ib it 57-8A (1) and the w eighty  

tomes of th e  A ir R esearch and Development Command, AKDCM 80-5 (3) 

and 80-6 (4 ) ,  he may n o t f in d  much g r e a te r  en lig h ten m en t. M iss ile s  

en g in eers  concerned w ith  human f a c to r s  a re  adv ised  to  use AFBM 

E x h ib it 57-8A v i r t u a l l y  as a ,!B ib ieK® Thus, the  co lo r coding of 

c o n tro ls  c u r r e n t ly  p e rm itte d  in  th e  huge PSAF m is s i le  program is  

g e n e ra lly  r e s t r i c t e d  to  the  req u irem en ts  of a few sp a rse  p a ra -
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graphs lay in g  down c o lo r coding p a ra m e te rs« An exam ination  of th o se  

p a ra g rap h s , th e r e f o r e ,  becomes p a r t i c u l a r ly  p e r t in e n t  t o  th e  problem  

under in v e s t ig a t io n ^  For in s ta n c e , AFBH E x h ib it 57-8A, paragraph  

3 0102 , C o n tro l Coding, r e a d s :

Common coding methods w i l l  be used when a v a i la b le .  The a p p l i 
c a b i l i t y  (advantages and d isad v an tag es) of each coding method w i l l  
be determ ined  in  accordance w ith  Table I I I ,  p p e 32-33 WADC TE 
56-172 (1 8 ).

3 .1 * 2 ,2  The f iv e  most common methods of coding a re :  L o ca tio n ,
Shape, S iz e , L ab e lin g , C o lo r»

30lo 2 0205 Color Coding. P re s e n t ly ,  no s ta n d a rd  c o lo r  code f o r  
m is s i le  c o n tro ls  e x i s t s .  I f  c o lo r  coding i s  s e le c te d  as a cod
ing  scheme fo r  c o n tro ls ,  th e  in te g r a t in g  a u th o r i ty  w i l l  in su re  
uniform  a p p l ic a t io n  of the. code th roughout th e  system . In  gen
e r a l  only  fo u r c o lo rs  ( in  a d d itio n  to  th e  custom ary b la ck  o r gray 
c o n tro l  c o lo r)  w i l l  be used fo r  c o n tro l  coding: r e d , g reen , amber 
(y e llo w ), and w h ite . A d d itio n a l c o lo rs  shou ld  be used only i f  
n ece ssa ry  and should  be s e le c te d  from  th o s e  l i s t e d  in  WADC TE 
54-160 (6 ) , p .  96.

R e fe rr in g  to  WADC TE 56=172 (1 8 ) , as re q u ire d  above, o n ew ill

f in d :

2 .3 .6  C olor Coding & Color coding i s  most e f f e c t iv e  when a 
s p e c i f ic  meaning can be a tta c h e d  to  th e  co lo r ( e .g ,  re d  fo r  
d a n g e r) . The c o lo r  of the  c o n tro l  depends la r g e ly  upon the  c o l
or o f the i l lu m in a n t ; c o n tro ls  w i l l  r e f l e c t  th e i r  own c o lo rs  
only  i f  i l lu m in a te d  by a w hite  l i g h t .  As in te n s i ty ,  o f illu m 
in a t io n  i s  reduced,, th e  c o lo r  o f  th e  c o n tro l changes and i s  g rad
u a l ly  l o s t .  Hence, f o r  co lo r cod ing , a t  l e a s t  a m oderate amount o f 
w hite  l ig h t  must be u sed . In  g e n e ra l , c o lo r sh o u ld  n o t be used as 
th e  prim ary  method fo r  coding c o n tro ls ;  i t  i s  e f f e c t iv e  when corny:!, 
b ined  w ith  o th e r m ethods.

In  genera l^  only  f iv e  c o lo rs  shou ld  be u sed : r e d ,  orange, y e l 
low, g reen , b lu e .

Even under id e a l  c o n d it io n s , an o p e ra to r has d i f f i c u l t y  in  u s in g  
e f f e c t iv e ly  more th an  10 or 12 c o lo r s .  He can reco g n ize  many more 
bu t i s  l im ite d  p r im a r i ly  by h is  a b i l i t y  to  a t ta c h  a name to  each ,*

The a s t e r i s k  r e f e r s  th e  re a d e r  of WADC TE 56=172 to  th e  1949 

volume of C hapanis, G arner, and Morgan (1 2 ) , as w e ll as to  WADC TE
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53-221 (26) which a ls o  r e f e r s  back to  th i s  same volume f o r  a u th o r i ty  

f o r  t h a t  s ta te m e n t.

An exam ination  of th e  o r ig in a l  t e x t  r e v e a l s , how ever, th a t  

SABO §6-172 has m isquoted C hapanis, G arn er, and Morgan who a c tu a l ly  ' 

w rote § ,
V'/ " ' ; . -

I t i s ' c o h c e iv a b le , f o r  example, t h a t  fo u r or f iv e  c o lo rs  would 
be then o p tim al number o f co lo rs  f o r  c o lo r  coding and t h a t  such a 
la r g d ' humber as 10 or 12 co lo rs  would be to o  many f o r  most oper
a to rs ,' to- keep , in  mind and. use e f f e c t iv e ly #  Only sy s te m a tic  r e 
s e a r c h , dn‘ th is"  problem , however, can t e l l  us how to  use  c o lo r  cod
ing  of. c o n tro ls  most e f f e c t iv e ly .

By o m ittin g  - t h e : p h ra s e , ••It i s  conceivable® > th e  SABO document 

g iv es  th e  im pression  th a t  C hapanis, G am er and Morgan had conducted re 

sea rc h  to  prove t h e i r  c o lo r  coding p o s tu la te s #  R a th er, t h e i r  p o s i t io n  

in  1949 was s t r i c t l y  t h e o r e t i c a l ,  as th e  phraseo logy  of t h e i r  w ritin g  

makes c le a r*

th e  e f f e c t  o f t h a t  om ission , however, i s  to  g iv e  th e  im pres

s io n  th a t  fo u r  or f iv e  c o lo rs  a re  indeed th e  ’• optimal® l im i t  f o r  c o lo r  

cod ing , backed by th e  a u th o r i ty  of th e  most w idely  known te s tb o o k  in  

th e  f ie ld *  Thus we a re  p re s e n t ly  g e t t in g  in ,o u r  new m is s i le  c o n tro l 

p a n e ls , f o r  in s ta n c e , c o lo r  coding th a t  overlaps to  an absurd  ex ten t*  

When th e  65-2 ATLAS m is s i le  launch ing  pad m obile ro o f  i s  drawn to  th e  

c lo sed  p o s i t io n ,  ,an in d ic a to r  l i g h t  i l lu m in a te s  ••green®* Ih en  th e  

m obile ro o f  i s  moved to  th e  f u l l y  open p o s i t io n ,  an in d ic a to r  l ig h t  i s  

il lu m in a te d  th e  same ••green® *

Of c o u rse , t h i s  may r e s u l t  in  some confusion  on th e  p a r t  o f



th e  launch c o n tro l  o f f i c e r  who cannot see  th e  lau n ch er from  h is  b lock 

house c o n so le . But th e  c o lo r  coding requ irem en ts  of A ir Force 

B a l l i s t i c  M iss ile  E x h ib it  57-8A have n o t been v io la te d s. U n fo rtu n a te ly  

to  c o r re c t  th i s  co n fusion -p roducing  coding i s  no t a t  a l l  a sim ple 

m a tte r  inasmuch as th e re  a re  no a l t e r n a te  ‘’go88 co lo rs  p e rm itte d .

I f  th e  au th o rs  o f WABC- TR 56-172 had w ished to  quo te  e x p e r i

m enta l evidence of the  number of a b s o lu te ly  id e n t i f i a b le  s p e c t r a l  

h u es , th e  re s e a rc h  o f H alsey and Chapanis conducted in  1951 (23) 

cou ld  have been c ite d *  That s tu d y  i s  review ed l a t e r  in  th i s  p a p e r , 

as i s  a 1958 re se a rc h  of th e  same problem  conducted by Conover and 

K ra ft (15)» The re p o r ts  of bo th  in v e s t ig a t in g  teams in d ic a te ,  how

e v e r , t h a t  f u r th e r  s tu d y  i s  re q u ire d  b e fo re  th e  p r a c t i c a l  number of 

a b so lu te ly  id e n t i f i a b le  s p e c t r a l  hues can be e s ta b l is h e d .  I t  would 

be a d v isa b le , th e r e f o r e ,  to  word government d ic ta te s  to  d e s ig n e rs  on 

th e  s u b je c t  o f c o lo r  coding in  term s more c o n s is te n t  w ith  e x p e r i

m ental f in d in g s  and avo id  a b so lu te  s ta tem en ts  which in  e f f e c t  p re 

ven t advances in  th e  s t a t e  o f  th e  a r t*  ■

b* The ARDC Manuals

Sur e a rn e s t  s e a rc h e r  f o r  human f a c to r s  en g in ee rin g  advice on 

c o lo r  coding w i l l  no doubt he r e f e r r e d ,  sooner or l a t e r ,  to  an o th er 

group of USAF p u b lic a tio n s  co n sid ered  h ig h ly  a u th o ra t iv e , th e  AEBG 

Manuals fo r  d e sig n e rs*  Served on th e  m is s i le s  in d u s try  as th e  to p  

governing documents o f ARDC and o f i t s  B a l l i s t i c  M iss ile  D iv is io n , 

AFBM, th e y  ares; HISS, ARDC Manual 80-1 , Vol* II*  Handbook of
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I n s tru c t io n s  f o r  A i r c r a f t  D esig n ers  (Guided M is s i le s )  (2 ) ;  HIGED,

ARDC Manual 80-5 j Handbook of in s t r u c t io n s  f o r  Group Equipment De

s ig n e rs  (3)$ and HIAGS1D, AEDC Manual 80-6 , Handbook o f In s tru c t io n s  

fo r  A ir c r a f t  Ground Equipment D esigners (4 )0

Of th e  th r e e ,  HIGED co n ta in s  th e  most e x ten s iv e  and p e r t in e n t  

d a ta  re g a rd in g  use o f c o lo r  coding f o r  v i s u a l  d is p la y s , Yet h e re  

a g a in , th e  human f a c to r s  en g in ee r may be le s s  th an  s a t i s f i e d , ,  For 

a lthough  HIGED c a r r ie s  a 37 page s e c t io n  headed Human E n g in eerin g , 

th e re  a re  b u t th re e  b r i e f  paragraphs d e a lin g  w ith  c o lo r  coding of 

c o n tro ls  $

7<>3e>8 C on tro ls  I d e n t i f i c a t i o n ^
TeSoSeS I d e n t i f i c a t io n  by C o lo r» I d e n t i f i c a t io n  of c o n tro ls  

may be e s ta b l is h e d  th rough  th e  assignm ent of d i f f e r e n t  co lo rs  to  
each c o n tro l  o r group o f c o n tro ls  having d i f f e r e n t  fu n c tio n s „ 
However, c o lo rs  seen  by r e f l e c te d  l i g h t  may lo s e  t h e i r  i d e n t i ty  

■ a t  low le v e ls  of i l lu m in a tio n  or under co lo red  l ig h t in g  cond i
t io n s  (such as pho tog raph ic  dark-room  s a f e - l ig h t in g )  and should  

, n o t be employed f o r  coding when such co n d itio n s  a re  an tic ip a ted ®  
7®3@8®3el D is tin g u ish a b le  C olors * A pproxim ately  11 or 12 

c o lo rs  a re  c le a r ly  d is t in g u is h a b le  in  th e  v i s ib le  c o lo r  spec 
tram , bu t fo u r  or f iv e  i s  th e  maximum number recommended fo r  
use a t  one tim e when immediate d is c r im in a tio n  i s  d e s ir e d c W hite, 
ye llow , r e d ,  b lue  and green  a re  c o lo rs  most r e a d i ly  d is tin g u is h e d  
from  each o th e r0 The. d if f e re n c e  between b la ck  and brown, in  
c e r ta in  p l a s t i c s  such as p h e n o lic s , i s  n e g l ig ib le  f o r  purposes 
of id e n tif ic a tio n ®

703®8®3®2 C olor Coding Method, Mo one method o f c o lo r cod
ing  i s  recoBimeiided s in c e  each s i t u a t io n  re q u ire s  an  a p p lic a t io n  
o f c o lo r  e s p e c ia l ly  s u i te d  to  i t *

These paragraphs on c o lo r  coding re v e a l  th e  p re s e n t ly  accep

te d  ph ilo sophy  of th e  WSAF reg a rd in g  coding by c o lo r ,  and amount to  

*l&w* as f a r  as c o n tro ls  and in d ic a to r  coding is  concerned , b o th  f o r  

th e  huge m is s i le s  in d u s try  and fo r  th e  a i r c r a f t  in d u s try #



The in flu en c e  of th e  p re v io u s ly  d iscu ssed  WADC T ech n ica l Re

p o r ts  shows up in  th e  ^ D is tin g u ish ab le  C o lo rs16 p a rag rap h , com plete 

w ith  p o s tu la te  d i s to r t e d  in to  fa c t*  But HIGED's c o lo r  coding para** 

graphs show o th e r  s ig n s  o f weakness as w e l l ,  p a r t i c u l a r ly  in  th e  

m a tte r  of how c o lo rs  can be v a r ie d  to  accom plish d i s t in g u i s h a b i l i ty  

and in  th e  m a tte r  o f  c o lo r  s p e c i f i c a t i o n .  Indeed , i t  must be ob

v ious th a t  n e i th e r  c o lo r  n o r V ision  e x p e r ts  could  have been co n su l

te d  in  th e  p re p a ra t io n  of t h i s  **C ontro ls  Id e n t i f i c a t io n ^  section®

- To anyone p ro p e r ly  backgrounded in  th e  sc ien ce  o f c o lo r ,  i t  i s  

obvious t h a t  many com binations o f co lo rs  o th e r than  th e  f iv e  chosen 

by H1GED and i t s  WADC a n tec e d en t re p o r ts  can be so  spaced  in  hue, 

b r ig h tn e s s , and s a tu r a t io n  as to  be d is tin g u is h e d  from  each o th e r as 

e a s i ly  as ( 'w h ite , y e llo w , r e d , b lue  and green"® Again i t  i s  obvious 

t h a t  p e r f e c t ly  d is t in g u is h a b le  d if fe re n c e s  can be g iven  th e  two 

c o lo rs ,  b la c k  and brown, w hether p h en o lic  p l a s t i c  or any o f s e v e ra l  

o th e r m a te r ia ls  i s  th e  medium®

To s p e c ify  c o lo rs  m erely by naming g en eric  hues i s  a p r a c t ic e  

which ought to  be re p la c e d , o f co u rse , w ith  p roper t r i s t im u lu s  spec

if ic a tio n ®  Whether th e  1929 M ansell method or th e  1931 CIE method 

i s  employed, au th o rs  o f c o lo r  coding s e c t io n s  could s p e c ify  w ith  

s c i e n t i f i c  aw areness which ranges o f v a r i a t io n  in  hue, b r ig h tn e s s  

and s a tu r a t io n  a re  a cc e p tab le  f o r  th e  " w h ite " , "y e llo w ", " re d " ,

"b lue", and "green"®

A lso r e g r e t ta b le  i s  th e  tendency  of p u b lic a tio n s  such as HIGED 

to  g ive th e  a i r  o f f i n a l i t y  to  t h e i r  p h ilo so p h ie s  of c o lo r  coding*
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This k ind  o f e r i t i c i s m  a p p l ie s ,  of co u rse , to  many a reas  of eng in

ee r in g  docum entation o th e r than  c o lo r  cod ing« One e x p la n a tio n ,

l i t t l e  b a s ic  re se a rc h  has been conducted on co lo r coding p er s e Q

A uthors of c o n tro l l in g  documents r e a l ly  do n o t possess , as y e t ,  

enough e x p e rim en ta lly  proven d a ta  to  e s ta b l i s h  a v a l id ,  comprehen

s iv e  ph ilo sophy  of c o lo r  coding*

Co Two L aborato ry  o f A v ia tio n  Psychology In v e s tig a t io n s

Two s ig n i f ic a n t  s tu d ie s  of c o lo r  coding n o t re fe re n c e d  in  th e  

p re v io u s ly  d iscu ssed  tJSAF a r e ,  however, p roducts o f USAF commission

ed re sea rc h e  C o n trac ted  fo r  by WABC's Aero M edical la b o ra to ry ,  th e  

two s tu d ie s  were both  c a r r ie d  out by th e  L abora to ry  o f A v ia tio n  

Psychology a t  Ohio S ta te  U n iv e rs ity  and p u b lish ed  as VADC TR 55- 

375 (35) and WABC TR 55-471 (16)*

The e a r l i e r  r e p o r t  by M u lle r, S id o rsk y , S l iv in s k e ,  A l lu i s i  & 

F i t t s ,  (3 5 ) , re p o r ts  the  r e s u l t s  of a s e r ie s  of e lev en  s tu d ie s  of 

th e  f e a s i b i l i t y  of s e v e ra l  d i f f e r e n t  ty p es  of symbols f o r  the  coding 

of in fo rm atio n  on cathode ra y  tu b es  and s im ila r  d isp la y s  fo r  use in  

fu tu re  a i r  t r a f f i c  c o n tro l  and r e la te d  systems*

.Experim ent 9 was designed  to  m easure the  e f f ic ie n c y  of check

re a d in g  as a fu n c tio n  of the  type o f code and th e  number of ta r g e ts  

to  be checked* The c o n tra s te d  codes were (1) i n c l in a t io n ,  c o n s is tin g  

of l /4 - in *  d iam e te r o u tl in e  c i r c l e s  each co n ta in in g  a s in g le  ra d iu s  

l in e  a t  one of th e  12 m ajor c lo ck  p o s i t io n s ,  and (2 ) c o lo r ,  c o n s is t 
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ing  of 12 l /S - ii io  d iam e te r c o lo r  c i r c l e s  o b ta in ed  by tra n s i l lu m in a te d  

W ratten  f i l te r s@

Bach t a r g e t  was one of 12 sym bolsQ The ta s k  was to  r e p o r t  as 

c o n f l i c t s  any two of more ta r g e t s  th a t  were s im i la r ly  coded*

Procedures were such th a t  in fo rm a tio n  p ro c e ss in g  time could be 

measured by a S tan d a rd  E le c t r ic  Timer* '’R esu lts  dem onstrated  th a t  

th e  c o lo r code was m arkedly su p e r io r  to  th e  in c l in a t io n  code*" The 

M uller e t  a l  re s e a rc h  th u s  c o n s t i tu te s  an o th er p ie c e  of ev idence 

su p p o rtin g  the  r e s u l t s  o b ta in ed  by E rik sen  (19) w herein  c o lo r  was 

found s u p e r io r  to  form  in  comparable ta s k s  of v is u a l  d is p la y  symbol 

s e le c tio n *

The more re c e n t  la b o ra to ry  o f A v ia tio n  Psychology s tu d y  by 

Conover & K ra f t ,  (1 5 ) , O ctober 1958, had a th r e e - fo ld  purpose? (a ) 

to  determ ine th e  maximum number of a b s o lu te ly  id e n t i f i a b le  s tim ulus 

c a te g o r ie s  in  th e  d im ension of hue , (b ) to  c o n s tru c t a s c a le  of equal- 

d is c r im in a b i l i ty  f o r  h u e , and (c ) to  v a l id a te  th e  s c a le  on an in d e

pendent p o p u la tio n  sample*

Ten co lo r-n o rm al su b je c ts  were t e s t e d  w ith a s e t  o f 25 M unsell 

maximum s a tu r a t io n  c o lo r .p a tc h e s*  The c o lo rs  were viewed through a 

3° a p e r tu re  of a n e u t r a l  mask and illu m in a te d  by 21*4 f t 6e 0 of 6800° . 

Ko l ig h t*

T est r e s u l t s  showed th a t  th e  number of a b s o lu te ly  d ise r im in a b le  

hues ranged  from  5 to  .16, depending upon th e  in d iv id u a l  te s ted *

Under id e a l iz e d ’ view ing c o n d itio n s , h a l f  o f  the  s u b je c ts  te s t e d  cou ld  

d is c r im in a te  "w ithou t a p p re c ia b le  e r ro r "  n ine  maximally s a tu r a te d
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co lo rso

In. th e  i n t e r e s t  of re n d e rin g  th e  proposed c o lo r  code u sab le  by 

ie some what more th an  h a l f  the  p o p u la tio n ’1, th e  experim en ters  proposed 

re d u c tio n  o f th e  number o f c o lo rs  to  e ig h t .  The s e t  o f 8 su rfa c e  

co lo rs  nom inated f o r  t h e i r  s c a le  of e q u a l d is c r im in a b i l i ty  fo r  hue 

i s  as fo llo w ss  (n o ta tio n s  a re  M unsell Company c o lo r s ta n d a rd s )  IE 

999, 91^892, 1Y 946, 7GY 960, 9G 1099, SB 1087, IP  1135, SEP 1003,

Eecognizing th a t  id e a l  i l lu m in a t io n  m ight n o t p r e v a i l  under 

some view ing c o n d it io n s ,  th e  experim en ters  o ffe re d  th re e  a l te r n a te  

s e t s  of c o lo rs  f o r  coding use com prised of 7 ,6  and 5 c o lo rs  re s p e c t iv e 

l y ,  The recommendation f o r  co lo red  phosphors, used  to  co lo r code 

GET,d is p la y s , p re s c r ib e s  h o ld ing  the  number of c o lo rs  t o  4 , T rans-  

i l lu m in a te d , f i l t e r - c o n t r o l l e d  co lo red  in d ic a to rs* sh o u ld  n o t number 

more th a n  6 c o lo rs  to  in su re  a b s o lu te ly  id e n t i f i a b le  code sym bols. 

A lthough th e  Conover & E r a f t  s tu d y  was n o t  concerned w ith  te s t in g  

c o lo r  coding v ersu s  o th e r  coding fo r  v i s u a l  d is p la y s , i t  i s  s i g -  

n i f l e a n t  as ev idence o f  a co n tin u in g  concern  by th e  ¥§AF w ith  the 

problems o f co lo r, coding* The s e n io r  in v e s t ig a to r ,  B, ¥ ,  Conover, 

had made t h i s  study  the  s u b je c t  o f h is  d o c to ra l  t h e s i s , and because 

o f th e  h igh  va lu e  p laced  upon th e  work by th e  Aero M edical l a b o r 

a to r y ,  a  second, more d e ta i le d  re p o r t  o f  the re sea rc h  i s  to  be 

pub lished*  l i s t e d  as 1ABC T echn ica l Note 58-262, th e  r e p o r t  i s  to  

com prise th e  com plete co n ten t of th e  PhD th e s is  in c lu d in g  th e  te c h 

n iques and com putations invo lved  in  th e  development of a s c a le  f o r  

eq u a l d is c r im in a tio n  f o r  hue , and in  th e  e s tim a tio n  of th e  amount



of in fo rm atio n  th a t  can be tra n s m itte d  p e r  symbol by th e  use of sur=  

fa c e  colors®

2 0 UoSo Navy and Other R esearch R e la ted  to  th e  Problem

The W0 Se. Mavy through  i t s  O ffice  o f Naval R esearch a ls o  h as been 

concerned w ith  c o lo r  as a d is c r im in a tio n  cue in  v i s u a l  d isp la y s*  tine 

o f the  m ost p e r t in e n t  s tu d ie s  commissioned by ONE was th a t  of E rik sen  

(19) who conceived  a means o f t e s t in g  th e  r e l a t i v e  m e rits  of form$ 

hue, s iz e  and b r ig h tn e s s  as v i s u a l  d is p la y  cues* That study  is  r e 

viewed in  d e t a i l  l a t e r  in  th is  sec tio n *  But as p re fa c e  to  co n s id e r

a t io n  of E rik sem 's  work, th e  r e s u l t s  o f an e a r l i e r  experim ent which 

produced ev idence c o n tra ry  to  h is  d ese rv es  d iscu ss io n *  Indeed^ i t  

i s  p o ssib le , th a t  0HR could  have been prompted to  s t a r t  E rik sen  on h is  

experim ent p a r t l y  because of t h a t  ch a llen g in g  e a r ly  s tu d y  e n t i t l e d  

"The r e l a t i v e  d i f f i c u l t y  of th e  number, form and c o lo r  concep ts of a 

W eigl-type p roblem ," by G ran t, Jo n es , and T a l la n t is  (20)* 

a .  G ran t, Jones and T a l la n t is

Using th e  W isconsin Card S o rtin g  T e s t ,  the . experim en ters  under

took  " to  determ ine th e  r e l a t i v e  d i f f i c u l t y  of the  th re e  s o r t in g  c a te 

g o r ie s ,  c o lo r ,  number, and form*" T h e ir procedure and d isc u ss io n  

was as fo llow s*

P ro ced u res B r ie f ly  s ta t e d ,  th e re  were 64 response  cards each 

c a rry in g  one to  fo u r f ig u re s  o f  a s in g le  co lo r*  There were fo u r 

c o lo r s , r e d , g reen , yellow  and b lu e ; fo u r  f i g u r e s , s t a r s ,  c ro s s e s , 

t r i a n g le s  and c i r c l e s * Thus, each c a rd  could be s o r te d  accord ing  to

15
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form , c o lo r ,  number,,

Ss had 4 double-com partm ent s o f t in g  boxes, w ith  s tim u lu s  cards 

p laced  in  th e  re s p e c tiv e  upper ha lv es  o f th e  compartments s one r e d  

t r i a n g le ,  two g reen  s t a r s ,  th re e  yellow  c ro sse s  and fo u r b lue c i r 

c le s  o Ss were to ld  to  s o r t  th e  64 card s  in to  fo u r  boxes acco rd in g  

to  S s ' concept of what th e  s tim u lu s  cards re s p e c tiv e  c a te g o r ie s  

w ere0

Only in s t ru c t io n s  were ’r ig h t*  or ’wrong* a f t e r  each so rt*  

I n i t i a l l y ,  th e  c a te g o ry  of c o lo r  was th e  c o r r e c t  key , b u t a f t e r  

So had s o r te d  10 c o r r e c t ly  by c o lo r ,  E 0 s h i f t e d  ca teg o ry  to  form  (but 

w ithou t w arning $«,.), and a f t e r  10 c o r re c t  form s o r t s ,  c a te g o ry  was 

changed to  number* » - ■

E xperim en ta l d e s ig n s c a te g o r ie s  were su c c e ss iv e ly  c o lo r , fo rm , 

number, c o lo r ,  fo rm , number* R esu lts  were ta b u la te d  fo r  each c a te 

gory ; t o t a l  e r r o r s ,  p e rs e v e ra tiv e  e r r o r s ,  n o n -p e rse v e ra tiv e  e r r o r s , 

and t o t a l  c o r re c t  answ ers„

R esu lts  of th i s  experim ent showed th a t  Ss were a b le  

to  s o r t  s e le c t iv e ly  fo r  number most e a s i ly ,  f o r  form  n e x t most 

e a s i ly ,  w hile  s e le c t in g  fo r  co lo r was most d i f f i c u l t*  However, th e  

only  sco re s  on which th e  d if fe re n c e s  between s o r t in g  c a te g o r ie s  were 

s t a t i s t i c a l l y  d i f f e r e n t  were th e  t o t a l  c o r re c t  resp o n ses  and the 

p e rs e v e ra t iv e  e r ro r s  oh the succeeding  category*  In  o th e r  words, i t  

re q u ire d  le s s  reinfor.cem ent to  a c q u ire  th e  num b er-so rtin g  resp o n se  

and, once le a rn e d , th e  response  of s o r t in g  number tended to  p e r -  

s e v e ra te  more th a n  from  form  or c o lo r s o r t in g  responses*
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C o n fig u ra tio n a l a sp e c ts  a re  in v o lv e d 9 The number one c o n s is te d  

of a s in g le  f ig u r e ,  c e n te re d ; two c o n s is te d  o f two f ig u r e s ,  one in  

upper le f t-h a n d  c o rn e r , th e  o th e r in  low er r ig h t ;  th r e e  c o n s is te d  of 

th re e  f ig u re s  form ing an in v e r te d  e q u i l a t e r a l  t r i a n g l e ; and fo u r con

s i s t e d  o f fo u r f ig u re s  form ing a squarea

Thus th e  Ss could  s o r t  acco rd in g  to  c o n f ig u ra tio n  r a th e r  th an  

number, and v e rb a l r e p o r t s  in d ic a te  t h a t  some of them did*

I f  the  r e s u l t s  re p o r te d  by G rant e t  a l  were co n sid ered  v a l i d , 

ev idence o f th e  r e l a t i v e  d i f f i c u l t y  of s o r t in g  would seem to  e s ta b 

l i s h  c o lo r  as th e  most d i f f i c u l t 0 F u rtherm ore , th i s  co n c lu s io n  cou ld  

be ta k e n  as p ro o f th a t  c o lo r  would be th e  l e a s t  e f f i c i e n t  method o f 

coding a v is u a l  d isp la y  as a g a in s t  coding by form or by number6

C are fu l e v a lu a tio n  of th e  ap p ara tu s  and p rocedure w i l l  r e v e a l ,  

however, th a t  th e  Grant methodology was n o t designed  to  c le a n ly  i s o 

l a t e  th e  c o lo r v a r ia b le  from  th o se  of form  and numbere The same card  

which was s o r te d  fo r  number was a ls o  s o r te d  fo r  form* F urtherm ore , 

th e re  was no change of c a rd s  when th e  t e s t  fo r  c o lo r s o r t in g  was made* 

C olor was p re s e n t a t  a l l  tim es on each c a rd , hence i t  cannot be 

assumed th a t  c o lo r had a b so lu te ly  nd e f f e c t  upon Ss S o r tin g  fo r  num

b e r or form* A gain , both form and number cues were p re se n t on ca rd s  

s o r te d  fo r  c o lo r , hence i t  cannot be dem onstrated  t h a t  form  and num

b e r had no e f f e c t  on c o lo r s o r t in g s  

b* E rik sen

ifhen E rik se n  began h is  study  some th re e  y ears  l a t e r  (1 9 ), h is
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announced purpose was to  determ ine th e  speed w ith  which o b je c ts  

could be lo c a te d  on a v i s u a l  d is p la y  under the  fo llo w in g  co n d itio n ss

a ) when th e  va rio u s  c la s s e s  of o b je c ts  on the  d is p la y  d i f f e r e d  

from one an o th er on only  one o f the  fo u r  v i s u a l  d im ensions, form , 

hue, s i z e ,  and brightness@

b) when c la s s e s  d i f f e r e d  on tw o, and , on th re e  of th e se  dimen

sions*

Methods D isp lay  was a 3 - f t 0 sq u are , f l a t  w h ite  in  c o lo r , ru le d  

in to  81 4 - in ch  squares w ith  b lack  l i n e s ; only th e  49 c e n t r a l  group 

o f squares were used* W ith in  each sq u are  an o b je c t-c a rd  was hung; 

each square  mounted a Jp-in* e le c tro d e  co n tac t*  I l lu m in a tio n  was 

an overhead Macbeth D ay ligh t lamp, mounted so as. to  p ro v id e  even, 

shadow -free l ig h t*

Seven c la s s e s  of o b je c ts  were u sed : c i r c l e s ,  hexagons, diam onds,

t r i a n g le s ,  c ro s s e s , s t a r s ,  squares*  These forms were cu t from  

paper and made to  lo o k  phenom enally th e  s ame s i z e ,  a l l  circum - 

s c r ib a b le  by a 1 -in c h  c irc le *  C olors were M tm sell s ta n d a rd s :

R, YR, T , GY, G, BG, B, w ith  b r ig h tn e s s  v a r ie d  from  M 8 /  to  n  l /  

r e s p e c t iv e ly ,  and w ith  s iz e s  v a r ie d  from  4/8 in* to  10/8  in* r e 

s p e c t iv e ly  (no te  in v e rs io n  of s iz e  and b r ig h tn e ss )*  The te n  

p a t te rn s  used were p r e - te s te d  and found to  be of e q u a l d i f f ic u l ty *

Procedure g A sample card  was p la ce d  a t  l e f t  o f th e  d isp lay *  $» 

was to ld  to  lo o k  a t  sample then  f in d  s ix  o b je c t-c a rd s  th a t  matched*

When S* lo c a te d  th e  m atching card  in  th e  d isp la y  he touched  th e  

c o n ta c t under ca rd  w ith  e le c tro d e  p robe in  hand*, This p ro v id ed
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a cc u ra te  tim ing  of the  S 's  d is c r im in a tio n  opera tion ,, Speed was

s t r e s s e d ,  "but Ss were cau tio n ed  a g a in s t  making errors*,
:

S u b jec tss  N=60, ages 19-35, found to  have norm al co lo r v is io n  

by te s t e

R esu lts  $ ^ o r s in g le  dim ensions o f d is c r im in a tio n , hue (c o lo r )  

is  s ig n i f i c a n t ly  f a s t e r  th an  form , and both  hue and form  a re  s ig 

n i f i c a n t ly  f a s t e r  th an  b r ig h tn e s s  or s iz e *  lo c a t io n  i s  f a s t e s t  

when c la s s e s  d i f f e r  in  hue-form , h u e , and, h u e -fo rm -b rig h tn e ss*

The m u ltid im en sio n a l lo c a t io n  tim es o b ta in ed  by compounding 

dim ensions f a i l  to  show any c o n s is te n t  advantages over s in g le  

d im ension lo c a t io n  timeso Hue-form i s  th e  only case where a 

compound g ives an even s l i g h t l y  f a s t e r  lo c a t io n  time th an  th e  

b e s t  of the s in g le  dim ensions of which i t  is  composed*

Compounding d if fe re n c e s  in  hue and form w ith  d if fe re n c e s  in  

b r ig h tn e s s  or s iz e  r e s u l t s  in  slow er lo c a t io n  than  i s  o b ta in ed  

f o r  d if f e re n c e s  in  e i th e r  hue o r form a lo n e 0 A lso , th e  com

pounding o f b r ig h tn e s s  and size : w ith  hue and form  does n o t y ie ld  

uniform  r e s u l t s o  B rig h tn ess  or s i z e ,  when combined w ith  hue 

y ie ld s  much q u ick e r lo c a t io n  th an  do e i th e r  b rig h tn ess , or s iz e  

s in g ly .

There is  a marked degree o f c o n sis te n cy  in  th e  lo c a t io n  tim es 

fo r  the  compounds* The coupounds of tw o, as w e ll as th e se  of 

th re e  dim ensions te n d  to  ran k  in  th e  same o rd e r , w ith  re s p e c t  to 

lo c a t io n  tim e , as do the. s in g le  dim ensions of which th ey  a re  

composed*
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. I t  may be no ted  th a t  in  th is  s tu d y  Ss co u ld 'h av e  lo c a te d  t a r -  

g e t o b je c ts  fo r  conpounds on th e  b a s is  of any one o f th e  dimens

ions in  the  sampieo For exam ple, in  the fo rm -b r ig h tn e s s -s iz e -  

coup bund, ta r g e t  o b je c ts  could  have been c o r r e c t ly  lo c a te d  on the 

b a s is  o f form  d if fe re n c e s  o n ly ,' i r r e s p e c t iv e  of b r ig h tn e s s  or s ize*

The Ss were n o t aware, of. t h i s ,  however* T heir in s t ru c t io n s  were 

to  lo c a te  ’s ix  o b je c ts  th a t  matched th e  sam ple**;• .

This argument seems p la u s ib le , . bu t th e re  a re  two im portan t 

p o in ts  a g a in s t  i t  in  th e  d a ta 6 I f  th e  argument were v a l i d , , we 

w ould ,expect compounds o f th re e  dim ensions to  give slow er lo 

c a t io n  tim es th an  conpotmds o f two» Also#, th e  coapound b r ig h t 

n e s s - s iz e  would be more d i f f i c u l t  to  lo c a te  th a n  e i th e r  b r ig h t 

ness o r s iz e  s in g ly *  Both of th e se  deductions a re  c o n tra d ic te d  

by th e  data*

. The f in d in g  th a t  c o lo r i s  s i g n i f i c a n t ly  f a s t e r  th a n  form , b r ig h t  

ness o r  s iz e  f o r  s in g le  dim ensions of d is c r im in a tio n  re v e rse d  the  

c o lo r  r e s u l t s  re p o r te d  by d ra n t and a s s o c ia te s  (2 0 )e I t  i s  a lso  of 

p e r t in e n t  in te r e s t ;  to  no te  t h a t  lo c a t io n  tim es o b ta in ed  by compound

ing  dim ensions ( i 0e @ cues) f a i l e d  to  show any c o n s is te n t  advantages 

over s in g le  dim ension lo c a t io n  tim es * However , E rik se n  adds th a t  the 

compound of hue-form  gave a s l i g h t l y  f a s te r ,  lo c a t io n  tin® th an  e i th e r  

hue o r form  s in g ly *

F in a l ly ,  i t  i s  s ig n i f ic a n t  t h a t  E r ik se n ’s  f in d in g s  in  th e  use o f 

compound cues d id  n o t r e s u l t  in  s ig n i f i c a n t ly  slow er lo c a t io n  tim es*



21

c» O ther R e la ted  S tu d ies

A nother r e v e r s a l  of th e  Grant and a s s o c ia te s  f in d in g s  was r e p o r t  

ed in  .1955 by Wohwill (43) who used th e  W isconsin Card S o r tin g  Test and 

e s s e n t i a l ly  th e  same p rocedu res fo llow ed  by Grant® Employing the  

same fo u r  k inds of s tim u lu s  c a rd s } and th e  same double-com partm ent 

s o r t in g  boxes, f o b w i l l ’s only d e v ia t io n  was to  narrow  th e  number of 

cards t o  be s o r te d  from 64 to  48®. His r e s u l t s  dem onstrated  th a t  form  

was le s s  r e a d i ly  a b s tra c te d  than  c o lo r o r number® He a ls o  re p o rte d  

th a t  speed o f d i s c r i min a t io n  was f a s t e s t  when co lo r was th e  s o r tin g  

cue®

Two M assachusetts  I n s t i t u t e  of Technology s tu d ie s  o f  co lo r 

codihg in  a v i s u a l  sea rc h  ta sk  conducted a t  th e  L in co ln  L ab o ra to ry ?

(2 1 )3 and (2 2 ) , a lso  re p o rte d  s u p e r io r i ty  o f c o lo r coding® The 

e a r l i e r  s tu d y , 1953, conducted by G reen, M cGill and Jenk ins (2 2 ), 

employed a d isp la y  o f t r a n s i l lu m in a te d  symbols com prised of 3 - d ig i t  

numbers randomly arranged® H alf th e  numbers were b lu e ,  h a l f  were 

yellow® Os were g iven  a t a r g e t  number to  lo c a te  and th e  tim e r e 

q u ire d  fo r  f in d in g  th e  t a r g e t  was recorded® R esu lts  showed th a t  

0s who were to ld  the  c o lo r  of th e  t a r g e t  number found th e  ta r g e t  in  

about h a l f  th e  tim e re q u ire d  by Os who were n o t to ld  th e  color®

In  1956, Green arid Anderson (21) conducted a v a r ia t io n  of the  

1953 MIT experiment® Using a d isp la y  o f t ra n s i l lu m in a te d  symbols 

com prised of 2 - d ig i t  numbers in  th e  range 10-69, a rran g ed  in  random 

o rd er in  a m a trix  o f 10 rows and 6 colum ns, the  symbols were coded 

e i th e r  red  or green® R esu lts  showed th a t  when Os knew th e  ta r g e t
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number c o lo r , se a rc h  tim e was p ro p o r t io n a l  to  th e  number o f symbols 

having  th e  same color, as th e  t a r g e t „ When th e  t a r g e t  c o lo r was no t 

known, sea rc h  tim e was p ro p o r t io n a l  to  t o t a l  number of symbols on the  

m atrixo

A nother in v e s t ig a t io n  can be no ted  h e re  a lth o u g h  i t s  prim ary 

concern was w ith  r e a c t io n  tim e fo r  a s e r ie s  of c o r re c t  responses r a th e r  

th an  w ith  co lo r coding p e r  se» Reed (39) s e t  up a. subm arine ^Christm as 

T ree11 in d ic a to r  p a n e l, com prised o f 24 re d  and green l ig h t s  randomly- 

a rran g ed , and reco rded  th e  r e s p e c tiv e  speed  of i d e n t i f i c a t i o n  fo r  two 

groups of Os, one group co lo r-n o rm a l, th e  o th e r group p a r t i a l l y  c o lo r -  

b lin d o  He found th a t  th e  c o lo r -b l in d  Os were slow er t o  id e n t i f y  t a r g e t  

in d ic a to r s  th an  were th e  co lor-norm al,, He a ls o  re p o r te d , however, th a t  

when speed was ren d e red  i r r e l e v a n t , th e  c o lo r -b l in d  were ab le  to  id en 

t i f y  in d ic a to r s  as w e ll as th e  co lo r-n o rm als

While th e se  r e s u l t s  im ply c o lo r  coding is  advan tageous, i t  would 

be in a c c u ra te  to  o f f e r  Reed’s work as c le a r ly  su p p o rtiv e  of th e  hypoth

eses t e s t e d  by th e  p re se n t in v es tig a tio n ®

More r e c e n t ly ,  in  a d i a l  re a d in g  experim ent by B artz  (8 ) ,  a t 

t e n t io n  va lue  as a fu n c tio n  o f il lu m in a n t c o lo r  change was te s te d *  Two 

p an e ls  were employed, 16 d ia ls  mounted on each p a n e l in  i d e n t i c a l  la y 

outs® One p a n e l was illu m in ed  by a s te a d y  re d  l i g h t ; th e  o th e r p a n e l, 

a ls o  illu m in ed  re d  a t  th e  o u ts e t ,  p e rm itte d  in d iv id u a l d ia ls  to  i l 

lum ined green when p o in te rs  deviated® R esu lts  showed th a t  d e v ia tio n s  

were responded to  f a s t e r  and more a c c u ra te ly  fo r  d i a l s  given c o lo r  

change th an  fo r  d ia ls  p e rm itte d  no c o lo r  change®
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D„ INDICATIONS OF Nlg> FOR THE PgiSHMT STUDY

As th e  p reced ing  s e c t io n s  have in d ic a te d , th e  amount of b a s ic  

re s e a rc h  accom plished to  d a te  d e a lin g  w ith  co lo r coding has been r a th e r  

spasm odic,  s c a t te r e d ,  and la ck in g  in  p lanned  c o n tin u ity ^  W ithout in  

any way d isp a rag in g  th e  s e v e ra l  s tu d ie s  c a r r ie d  out on co lo r coding 

during  the p a s t  15 y e a r s ,  th e  human f a c to r s  en g in eer in  need of a 

com prehensive body of v a l id a te d  d a ta  f o r  th e  s u b je c t cannot bu t admit 

many lack s  and gaps e x i s t ,  d e f ic ie n c ie s  which s tan d  out in  g la rin g  

r e l i e f  when th e  e n t i r e  l i t e r a t u r e  of c o lo r coding i s  g a th ered  in to  a 

s in g le  c o l le c t io n  and review ed as a whole* A fte r  due a n a ly s is  of 

th a t  body of d a ta , i t  seems ev id en t t h a t  one o f the  most fundam ental 

q u estio n s  in  th e  f i e l d  o f c o lo r coding o f c o n tro ls  and in d ic a to rs  

s t i l l  has need o f ex p erim en ta l v a l id a t io n ,  namely, i s  c o lo r a p o s i

t iv e  a id  when used  e i th e r  as an a d d i t io n  to  la b e ls  or used  alone fo r
■; —

c o n tro ls  and In d ic a to r  I d e n t i f i c a t io n ?

In tim a te ly  r e la te d  w ith  th a t  q u e s tio n  is  a n o th e r , a lso  in  need 

of ex p erim en ta l v a l id a t io n s  How many v a r ia t io n s  of hue , b r ig h tn e s s  

and s a tu r a t io n  can be g iven to  a c o n tro ls  or in d ic a to r  coding system  

w ithou t p re se n tin g  o p e ra to rs  in d isc r im in a b le  co lo r d i f f e r e n c e s ?

S p e c if ic  re s e a rc h  a reas  r e l a t in g  to  th e se  q u e s tio n s  a re  d iscu ssed  

a t  th e  co n c lu sio n  o f t h i s  pap er to g e th e r  w ith  some recommendations 

as to  s tu d ie s  which need to  be und ertak en  in  o rder to  p ro v id e  e x p e r i

m enta l v a l id a t io n  fo r  answers p io n e e r re s e a rc h  has so  l i g h t l y  e s ta b 

l is h e d  0 A lso no ted  a re  s e v e ra l  o th e r a re a s  of s tu d y  which a re  as y e t
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alm ost untouched in  th e  f i e l d  o f c o lo r  coding*

At th i s  ju n c tu re  th e re  i s , however, a very  sim ple  query to
- ' '

answers why was th e  p re se n t s tu d y  undertaken?

Exam ination of th e  l i t e r a t u r e  re v e a le d  many "basic q u estio n s  

in  need o f s tu d y  and v a l id a t io n ;  some of th o se  q u e s tio n s  have been 

s ta t e d  p rev io u sly ,, Viewing th e  sp read  o f unproven p o s tu la te s ,  th is  

in v e s t ig a to r  f i n a l l y  s e le c te d  th e  p re s e n t s tu d y  as one which would 

p ro v id e , perhaps as much as any o th e r ,  some of th e  b a s ic  exp erim en ta l 

d a ta  upon which s e v e ra l  c o ro l la ry  p o s tu la te s  e s s e n t i a l  to  th e  p h ilo s 

ophy o f  c o lo r coding dependc

B. HYPOTHESES TESTED

Two hypotheses were te s te d *  Given a c o n tro l  p a n e l problem , i t  

i s  p o s tu la te d  t h a t :

I* % eed  and accuracy  of c o n tro ls  s e le c t io n  w i l l  be s i g n i f i 

c a n tly  improved i f  po lychrom atic  r a th e r  th a n  monochromatic 

c o lo r  coding of la b e ls  i s  employed*

2® Speed and accuracy  o f c o n tro ls  s e le c t io n  w i l l  be s i g n i f i 

c a n tly  improved i f  po lychrom atic  c o lo r  coding o n ly , w ithou t 

l a b e l s ,  i s  employed t o  id e n t i f y  c o n tro ls*



l l e DESCRIPTION OF APPARATUS AND PROCEDURES 

A. APPARATUS iNB TESTING MATERIALS 

16 The C o n trq l P an e l aad E le c tro n ic  Chronoscope

As shown in  F igu re  2 , a group o f f iv e  pushbu tton  m icrosw itches 

were mounted in  a s in g le  row 37o0 inches, from  the  f l o o r 0 B u il t  by 

th e  M icro Sw itch D iv is io n  of M inneapolis-H onneyw ell, th e  pushbu tton  

sw itches were spaced 1*75 inches a p a r t ,  employed b la ck  p l a s t i c  caps 

0*50 inches in  d ia m e te r , re q u ire d  an o p e ra tin g  fo rc e  o f 5 oz* max*, 

p e rm itte d  a t o t a l  t r a v e l  o f 0*25 in c h e s , had a minimum b reak in g  

d is ta n c e  o f 0*010 infehes*

Custom b u i l t  la b e l  h o ld e rs  designed  to  ca rry  s tan d a rd  M ansell 

l 05x 3 »0 in* c o lo r  p a tch es  were f a b r ic a te d  to  f i t  in to  m e ta l pockets 

c en te re d  under each pushbutton* Adequate c lea ran ce  p e rm itte d  the  

l a b e l  h o ld e r  to  be r e a d i ly  in te rch an g ed  during  a d m in is tra tio n  of th e  

t e s t s ,  a  techn ique  which p rev en ted  s u b je c ts  from usin g  p o s i t io n  as a 

s e le c t io n  cue*

As seen  in  F ig u re  1 , the  ap p ara tu s  p rov ided  a s c re e n  w hich, in  

p r e - t r i a l  p o s i t io n ,  masked th e  p u sh b u tto n  c o n tro ls  and allow ed the 

experim en ter to  change th e  l a b e l  p o s i t io n s  w ithou t t h e i r  be ing  

viewed by th e  su b jec t*  The, s c re e n  was of 0*25 in .  M asonite , 2460 

x  20®0 in c h e s , mounted in  channels 8*0 in* in  f r o n t  o f th e  c o n tro l  

p an e ls  P a in ted  th e  same n e u t r a l  g ray  as th e  c o n tro l  p a n e l, th e

25



26

sc ree n  was h e ld  in  th e  p r e - t r i a l  p o s i t io n  by p u l l - p in s  mounted on 

th e  ch an n e ls0

Squeezing a hand-held  in te rcom  sw itch , v i s ib le  in  F igure 1 , 

th e  s u b je c t  was ab le  to  c lo se  th e  c i r c u i t  a c t iv a t in g  a so le n o id , 

mounted on th e  back of th e  c o n tro l  p a n e l, which would w ithdraw  

th e  p u l l - p in s  and drop th e  sc ree n  to  th e  p o s t - t r i a l  p o s i t io n  as 

shown in  F igure  2«

As th e  sc re e n  dropped i t  a c t iv a te d  a  m icrosw itch  th a t  s ta r te d  

th e  e le c tro n ic  chronoscope cotm ting s e le c t io n  tim e , cu t o f f  by de

p re s s io n  of th e  t a r g e t  p u sh b u tto n 0 The ehronoscope s t a r t  sw itch  

was so p laced  th a t  th e  sc ree n  would n o t a c t iv a te  th e  co u n te r u n t i l  

th e  upper edge o f the  sc reen  had f a l l e n  th re e  inches below the  

bottom  le v e l  o f th e  p u shbu tton  l a b e l s « This d esign  fe a tu re  meant 

th a t  s t a r t  of B.T was n o t counted u n t i l  th e  c o n tro ls  and t h e i r  la b e ls  

were f u l l y  in  view*

l in e  v o lta g e  v a r ia t io n  and time la g  of the  e le c t r o n ic  chrono- 

scope and a s s o c ia te d  c i r c u i t r y  were measured by d e p re ss in g  a c o n tro l  

pushbu tton  th e n  re le a s in g  th e  screen* During re p e a te d  t e s t s  o f th i s  

k ind  on d i f f e r e n t  day s, th e  s h o r te s t  system  lag  tim e reco rd ed  was 506 

msec, lo n g e s t was 9*1 msec* Maximum l in e  v o ltag e  v a r i a t io n  thus 

amounted to  th e  d if f e r e n c e ,  3*5 msec, w h ile  the  average system  lag  tim e 

amounted to  th e  mean, 7*3- msec®

Had th e  prim e o b je c tiv e  been th e  reco rd in g  o f a b so lu te  s e l e c t 

ion  M s , w ith  in te n t  to  p r e c is e ly  e s ta b l i s h  th e  speed o f co lo r p e rc e p t

ion  and hand t r a v e l ,  th e  e r r o r  f a c to r s  re p re se n te d  by th e  l in e  v o ltag e
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F ig u re  1* S u b jec t a t  c o n tro l 

p a n e l, sc reen  up#

t r a v e l .  (P a r t of e le c tro n ic  

chronoscope i s  seen  in  back

ground . )
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v a r ia t io n  and the  system  la g  tim e could  have assumed im portance* But 

h e re  th e  focus o f in v e s t ig a t io n  was th e  r e l a t i v e  amount of improvement 

in  s e le c t io n  B.T which c o lo r coding o f c o n tro ls  would p rov ide*  Each 

s u b je c t  was competing w ith h is  own s c o r e s , no t w ith  sc o re s  achieved  by 

o th e r  su b jec ts*  C onsequently , s in ce  l in e  v o ltag e  v a r ia t io n s  reached  a 

maximum of only  305 msec* t h i s  e r ro r  f a c to r  was co n sid e red  n e g lig ib le *  

System tim e la g ,  being r e l a t i v e l y  c o n s ta n t f o r  a l l  s u b je c ts ,  was n o t 

fe d  in to  th e  raw d a ta  of F ig u res  7 -14 , b u t was s u b tra c te d  from  reco rded  

ItTs o f h a n d - tra v e l  tim e in  th e  co m p ila tio n  o f Table 12*

2* Command Cards

A command card  window, 2*0 x  4*0 in * , was cu t in  th e  c o n tro l 

p a n e l to  th e  s u b je c t ’s l e f t ,  on l in e  w ith  th e  to p  edge of th e  screen* 

The window was so  p o s it io n e d  as to  p ro v id e  u n o b s tru c ted  v i s i b i l i t y  to  

th e  s e a te d  su b je c t*

F ive command words in  Syko l e t t e r i n g  were inked one each on 5 

command cards re sp e c tiv e ly *  L e tte rs  were 0*015 in* h ig h , the  same 

in  s iz e  and s t y l e  as th e  corresponding  command words c a r r ie d  by the 

5 pushbu tton  la b e ls*  Command words w ere: BOMB, FIRE, HOLD, DE-ICE,

CHOP, vocabu lary  ty p ic a l ly  employed in  defense a v ia t io n  squadrons*

In  s e le c t in g  th e  command w ords, some danger c o n d itio n s  were 

in c lu d e d , len d in g  dynamics to  th e  commands employed* The ic in g  

th r e a t  was in je c te d  by the use of DE-ICE* Since s e v e ra l  k inds of 

danger to  an a i r c r a f t  in  f l i g h t  c a l l  f o r  c u tt in g  o f f  m o to rs , th e  

word CHOP was in tro d u c e d , sh o r t  fo r  a irc re w  slang  "chop th e  gas"*

HOLD was chosen in  view of th e  heavy use t o  which th e  word i s  put



d u rin g  f l i g h t ,  v i z « hold, b e a r in g , hold  a l t i t u d e ,  ho ld  a ir s p e e d , e t c ,  

FIEES and BOMB were ‘’n a tu ra ls®  inasmuch as modern m i l i t a r y  p lan es  ty p 

i c a l l y  c a r ry  c o n tro ls  la b e le d  w ith  th e se  command w ords«

3e Cue Tabs

Three c o n f ig u ra tio n s  of cue ta b s  were employed, 5 ta b s  p e r s e t?

(1) Monochromatic w ith  la b e ls  (Mono-L), F igure  3«

(2) P olychrom atic  w ith  la b e ls  (P o ly -L ), F igu re  4*

(3) P olychrom atic  w ith o u t la b e ls  (Poly n o -L ), F igure  5e 

Sabedsvi rsad : ; BOMB, FIEE, HOIS, BB-ICE, CHOPe The words were inked 

on w h ite  pap er th e  same s iz e  and w ith  the .sam e Eyko l e t t e r i n g  as were 

th e  command card  w ords0 The w hite  p ap er la b e ls  w ith  b la ck  l e t t e r in g  

were cemented to  th e  to p  o f  th e  1*5 x 3*0 in* cue ta b s  so t h a t  no ta b  

background showed above th e  l a b e l s a This brought th e  la b e l  upper edge 

to  approx im ate ly  0»4 in«, below th e  pushbu tton  rim  when th e  cue ta b  was 

in  p o s i t io n  ready  f o r  t e s t i n g s

40 D eterm ination  o f Color Cues

Tabs c a rry in g  la b e ls  f o r  th e  monochromatic cues were of a 6 /0  

n e u t r a l  g ray , app rox im ate ly  th e  same in  hue , value and chroma as th e  

g ray  fa c e  of th e  c o n tro l  p a n e l. I l lu m in a t io n  was p rov ided  by d i s to r 

t io n - f r e e  d a y l ig h t ,  as d e ta i le d  on pages 37-38,- in s u r in g  norm al c o lo r 

a sp ec t of cue tab s*

Tabs c a r ry in g  la b e ls  f o r  th e  5 po lychrom atic  cues were co lo red
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papers which can be s p e c if ie d  in  M unsell n o ta t io n  as 10o0 RP 4 /4 ,

7 .5  GY 8 /6 ,  7 . 5 'E 6 / lb ,  2e5 PB 8 /6 , and 10*0 R 8 /6 ,

Polychrom atic  cue ta b s  w ithou t la b e ls  were com prised of a s e t  

of 5 of th e  same co lo red  p a p e rs ,

D eterm inatioh  o f co lo r spacing  p rov ided  by th e  polychrom atic  

cue ta b s  was made a f t e r  running  a p i l o t  t e s t  of more th an  500 t r i a l s  

u s in g  as ta b s  a co n v en tio n a l s e t  o f M unsell co lo r p a tch es  matched f o r  

chroma and v a lu e , each hue being  in  th e  5/6 b ra c k e t .  The hues were

2 .5  R, 5P, 5 BG, GY, and 7 ,SYR. When tran sp o sed  and p lo t te d  in  

term s o f G1E c h ro m a tie ity  c o o rd in a te s , i t  was found th a t  th e se  f iv e  

hues were approx im ately  e q u a lly  sp aced .

D uring te s t in g ,  however, s u b je c ts  s ta te d  t h a t  th e  5 BG seemed 

"more in te n s e "  th an  th e  o th e r h u es. One s u b je c t  re p e a te d ly  made 

s l i g h t ly  f a s t e r  sco res  when t h i s  hue was th e  t a r g e t  cu e . In  e f f e c t ,  

th e  5 BG became a " f a v o r i te  c o lo r" ,  seeming to  have more dynamic 

v is u a l  a p p e a l th an  th e  o th e r  po lychrom atic  cue t a b s .

At l e a s t  two s tu d ie s  of th e  unequal lum inance o f eq u a lly  b r ig h t  

c o lo rs ,  one by MacAdam (3 2 ) , an o th er by Chapanis and H alsey  (1 3 ), 

p ro v id e  e x p lan a tio n  of th i s  e f f e c t .  T h e ir f in d in g s  dem onstrated  

th a t  e q u a lly  luminous hues do n o t a l l  appear to  have e q u a l s a tu 

r a t io n ,  and th a t ,e q u a l ly  s a tu ra te d  hues do n o t a l l  appear to  have 

eq u a l b r ig h tn e s s . In  th e  experim en ta l t e s t in g  n o ted  above, th e  

5BG, a lthough  o f the  same s a tu r a t io n  and b rig h tn e ss  as th e  o th e r 

hues, appeared  to  have g re a te r  s a tu r a t i o n ,  an e f f e c t  which was 

he ig h ten ed  when the 5BG was p laced  between th e  7 ,SYR and th e  2 ,5  R,
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F igure  3 . Pushbutton  c o n tro ls  

w ith  mono-L cue ta b s .  (Labels 

mounted on 6 /0  g r a y .)

& Q O O

® <9 G> O 0

F ig u re  4. Pushbutton  co n tro ls  

w ith  poly-L  cue t a b s . (L eft to  

r i g h t :  7 .5  R 6 /1 0 , 10 .0  R 3 /6 ,

2 .5  PB 3 /6 , 7 .5  GY 8 /6 , 10 .0  RP 

4 /4 .)

F ig u re  5 . Pushbutton  c o n tro ls  

w ith  po ly  no-L cue t a b s . (L eft to  

r i g h t :  7 .5  R 6 / l0 ,  10 .0  R 3 /6 , 2 .5  

PB 3 /6 , 7 .5  GY 8 /6 , 10 .0  RP 4 /4 .)
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To avoid  th i s  e f f e c t  in  the f i n a l  t e s t i n g ,  co lo red  papers were 

chosen f o r  d i s t in g u is h a h i l i ty  o f a l l  th re e  c h a r a c t e r i s t i c s , h u e , va lue  

and chromas At th e  same tim e , care  was ex erted  to  ach ieve  p sy ch o lo g i

c a l  b a lan ce , i 0e 0 a ba lance  in  which no s in g le  c o lo r  ta b  appeared more 

luminous or more s a tu r a te d  th a n  o th e r ta b s  in  the  s e t#

Exam ination o f th e  s p e c i f ic a t io n s  of th e  c o lo r  ta b s  f i n a l l y  

chosen w i l l  re v e a l  t h a t  w hile  th e  same chroma or s a tu r a t i o n  /6  was 

c h a r a c te r i s t i c  o f th re e  h u es, 2*5 PB, 7e5 GY, !0»Q E, th e  o th e r two 

hues v a r ie d  in  v a lu e , / 4  and / l 0 o Viewing the f iv e  c o lo r  tab s  as a 

group, i t  i s  seen  th a t  c o n t r a s t ,  b a s ic  in g re d ie n t o f .d i s t i n g u i s h a b i l i t y ,  

was h e ig h ten ed  by using  tab s  o f  h ig h , medium and low key or v a lu e »

5<, Assignment of Hues to  Color Cue Tabs

For th e  p i l o t  t r i a l s ,  assignm ent o f  command words to  co lo r ta b s  

was e s s e n t i a l ly  a r b i t r a r y ,  th e  only  d e fe ren ce  to  co lor-w ord  a s so c ia 

t io n  be ing  th a t  BOMB was g iven  th e  hue 2*5 R0 S ince  t h i s  was the on ly  

’’re d 19 among th e  5 c o lo r  ta b s ,  th e  rem aining 4 co lo rs  were assigned  to  

th e  rem aining 4 command words w ithou t s p e c ia l  d e s ig n , FIRE being 

coded GY*

Almost from  th e  o u ts e t d u rin g  po lychrom atic  t r i a l s ,  su b jec ts  

showed a tendency to  re a c h  f o r  the  red  c o lo r  ta b  when th e  command 

FIRE was the s tim ulus*  Sometimes th e  s u b je c t  would a c tu a l ly  h i t  the  

red  cued pushbu tton  d e sp ite  i t s  l a b e l ,  BOMB; sometimes he would a l 

most h i t  BOMB th en  move ac ro ss  to  the  GY cued FIRE pushbutton* I f  

he h i t  th e  red  cued b u tto n  he sco red  an e r r o r ;  i f  he s t a r t e d  to  h i t



i t  b u t swerved, h is  hand was delayed  and he sco red  a h e s i t a t io n  w ith  

a tte n d a n t lo n g er R.T®

This r e s u l t  exposed th e  f a c to r  o f w ord-co lo r a s s o c ia t io n ,  ob 

v io u s ly  a problem  a f f e c t in g  cho ice o f c o lo r tab s  f o r  th e  c o n tro l 

p a n e l experim ento A ccord ing ly , a s e p a ra te  study  o f command-word 

c o lo r  a s s o c ia t io n ,  d e ta i le d  in  an o th er r e p o r t  (1 4 ) , was undertaken® 

That study  may be summarized as fo llow s?

A group of 28 c o lle g e  A ir Force EOTG upperclassm en, a l l  of 

whom had been te s te d  by th e  USAF and found to  have co lo r-n o rm al 

v is io n ,  w ere used as subjects®  Phase I  o f th e  experim ent p re sen ted  

each s u b je c t w ith  a l i s t  o f 60 command words drawn from term ino logy  

commonly employed by m i l i t a r y  a i r - c re w s , th e  s u b je c t re q u e s te d  to  

w rite  down names o f c o lo rs  s tim u la te d  by th e  command words 0 Phase 

I I  of th e  experim ent p re se n te d  th e  s u b je c ts  w ith  a s e t  o f 30 paper 

co lo r tab s  s e le c te d  f o r  t h e i r  d i s t in g u i s h a b i l i ty ,  Ss being  in 

s tru c te d  to  w r ite  down w hatever command word came to  mind when 

view ing the in d iv id u a l  c o lo r tab®

While r e s u l t s  fo r  a .m a jo r i ty  o f th e  command-word co lo r assoc 

ia t io n s  were in c o n c lu s iv e , as was ex p ec ted , .th e re  were a group of 

fo u r  which ranked in  the  top 5 fo r  bo th  Phase I  and f o r  Phase I I  

tests®

Colors evoked by command words compared w ith  command words 

evoked by c o lo rs  re v e a le d  th a t  v i r t u a l  unanim ity  p re v a ile d  between 

th e  two t e s t s  fo r  ranks 1 to  5® Phase I  ran k  o rd e r, f i r s t  th rough 

f i f t h ,  was s FIRE-EED, CO-GREEN, STOP-BED, HEAT-BED, SLOW-YELLOW,
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Phase I I  ra n k  o rd e r , f i r s t  th rough  f i f t h  was 2 GEEEM-GQ, RED-FIRE, 

REH-STOP, BMB-UP, lEH-OW-SLOW.

E xcepting  f o r  the  4 th  ranked item , th e  w ord-co lor a s s o c ia tio n s  

a re  th e  samee F ac t , th a t  FIRE and GO a re  1 s t ,  2nd and 2nd, 1 s t r e 

s p e c t iv e ly ,  i s  n o t s i g n i f i c a n t .  I t  is  s ig n i f ic a n t  t h a t  c o r r e l 

a t io n  between th e  above no ted  Phase I  rank ing  4 w o rd -co lo r a sso c - , 

ia t io n s  and the  Phase I I  ran k in g  4 co lo r-w ord  a s s o c ia tio n s  was l o0 e

Im p lic a tio n  of th e se  r e s u l t s  i s  th a t  d e s ig n e rs  o f  co lo r coding 

fo r  c o n tro ls  a n d /o r in d ic a to r s  can expec t e r ro r s  o r h e s i t a t io n  or 

both  i f  o p e ra to rs  a re  re q u ire d  to  use code c o lo rs  m arkedly d i s 

s im i la r  to  r e d , g reen , y e llo w , r e d ,  fo r  the commands f i r e ,  go, slow , 

s to p ,  r e s p e c t iv e ly .

I t  may be p o s tu la te d ,  of c o u rse , th a t  o p e ra to rs  could be t r a in e d  

to  igno re  p re v io u s ly  le a rn ed  command word c o lo r a s s o c ia t io n s  when 

being tau g h t a  new code. E xperim en ta l evidence o f f e r s  te s tim o n y , . 

however, th a t  such r e - t r a in in g  may n o t always e ra d ic a te  long s tan d 

in g , h a b i tu a l  command-word c o lo r a s s o c ia t io n  such a s  STOP-RED, GO- 

GREEN, FIRE-RED, and SLOW-YELLOW, The experience  o f t h i s  e x p e r i

m enter c i t e d  p re v io u s ly  is  a case  in  p o in t w herein s u b je c ts  re p e a te d 

ly  veered  away from  GY when sea rch in g  f o r  FIRE even though th e  g reen - 

yellow  ta b  was p la in ly  la b e le d  F IR E ,, and th e  men had th o rough ly  

m astered the  co lo r coding, system .

E x p lan a tio n  o f th i s  r e s u l t  may l i e  in  an a n a ly s is  of co lo r 

code t r a in in g  which young s u b je c ts  norm ally  undergo as th e y  p rog ress 

tow ard m a tu r ity  in  th e  ty p ic a l  framework o f American c u l tu r e .  Most
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of our c h ild re n  beg in  le a rn in g  th e  co lo r coding of t r a f f i c  l ig h t s  

as soon as they  a re  o ld enough to  c ro s s  th e  s t r e e t  a lo n ee Thus they 

a r r iv e  a t  adu lthood  w ith some f i f t e e n  y ea rs  o f experience  in  assoc

ia t in g  go  w ith  g re e n , s to p  w ith red? L ikew ise, a l l  t h e i r  t r a in in g  

w ith  f i r e  s ig n s , a larm  boxes, f i r e - e n g in e s  and f i r e - e x t in g u is h e r s  

has re p e a te d ly  tau g h t re d  as the  c o lo r  fo r  f i r e a

The coding o f slow as yellow  has u s u a lly  come f irm ly  in to  the 

t r a in in g  as te e n -a g e rs  le a rn  t o  d r iv e  au tom obiles, w ith  most t r a f f i c  

s ig n a ls  u s in g  a yellow  l ig h t  as th e  warning s ig n a l  between the  go 

l i g h t 's  ex tingu ishm ent and th e  s to p  l i g h t ' s  illu m in a tio n ., Again, in  

most s t a t e s  of th e  ¥?S0A<,, motor v e h ic le  warning s ig n s  used by h ig h 

ways ty p ic a l ly  employ yellow  as backgroundsa

F u rth e r re s e a rc h  in v e s t ig a t in g  command-word c o lo r  a s s o c ia tio n  i s  

re q u ire d .b e fo re  any f i n a l  l i s t  o f words and c o lo rs  th a t  have become 

g e n e ra lly  a s s o c ia te d  can be e s ta b l is h e d  and v a lid a te d ?  R esu lts  of 

th e  s tu d y  no ted  h ere  su g g es t th e re  may be s e v e ra l  more th a n  4 word- 

c o lo r  a s s o c ia tio n s  e s ta b lis h e d  by th e  c u ltu re  which can  e f f e c t  con

t r o l s  and in d ic a to r  coding?

Applying command-word c o lo r  a s s o c ia t io n  p r in c ip le s  in d ic a te d  by 

th e  above no ted  experim en t, th e re  was d e l ib e ra te  e v a lu a tio n  employed 

in  a ss ig n in g  th e  command, FIRE, co lo r 10o0 RP 4 /4  fo r  th e  c o n tro l 

p a n e l c o lo r  coding study? S e le c t io n  of a co lo r s u i ta b le  f o r  the  

command BOMB was n o t as e a s i ly  accom plished, however ?

R esu lts  o f th e  command-word c o lo r  a s s o c ia t io n  t e s t  found c o lo r  . 

a s s o c ia tio n s  f o r  BOMB to  be v a r ie d , w ith  b la c k  and gray as  w e ll  as



re d  l is te d *  While red  was f i r s t  cho ice  o f 28«6$ of th e  s u b je c ts  f o r  

BOMB in  the Phase I  t e s t $ ( i* e 0 c o lo rs  evoked- by command w ords) ,  r e 

sponses to  th e  Phase I I  t e s t ,  ( i .e *  command words evoked iqy c o lo r s ) ,  

f a i l e d  to  f in d  BOMB l i s t e d  as a resp o n se  to  re d  by as many as 3 sub

je c ts*  The l a t t e r  r e s u l t  may n o t be taken  as s ig n i f ic a n t  from  one 

p o in t of view , however* S u b jec ts  te s te d , were as y e t w ithou t any but 

academic knowledge o f m i l i t a r y  a c t io n ,  none of them having had even 

a s in g le  day o f combat t r a in in g  nor any f i r s t - h a n d  c o n ta c t w ith  bomb

ing  m iss io n s , s im u la ted  or re a l*

When q u e ried  as to  why c o lo rs  such as b la ck  and gray  were l i s t e d  

fo r  BOMB, su b je c ts  ad m itted  t h e i r  knowledge of bombing d e riv ed  e s s e n t

i a l l y  from  m otion p ic tu re s  of bomb d e to n a tio n , w ith  most of s a id  

movies being viewed on t e le v i s io n  sc reen s  of th e  n o n -c o lo r v a r ie ty *

I t  can be assumed th a t  c o lo r a s s o c ia t io n  l i s t e d  by v e te ran  

combat crews fo r  the command BOMB would show a f a r  h ig h e r  unanim ity  

o f c h o ice , with th e  c o lo rs  p ro b ab ly  nom inated from" the  "h o t"  s id e  of 

th e  spectrum , hues ty p ic a l  of f i r e - b a l l s  produced by th e  i n i t i a l  

b la s t s  of d e to n a tin g  bombs *

S ince th e  c o n tro l  p a n e l c o lo r  coding t e s t s  were to  be r u n  w ith  

s u b je c ts  who had sp en t s e v e ra l  y ea rs  in  a c t iv e  du ty  w ith  th e  USAF as 

f i g h t e r  p i l o t s  and in te r c e p to r  ra d io  o p e ra to rs , i t  was no assum ption 

th a t  th e se  men knew th e  d e to n a tio n  c o lo rs  of l iv e  bombs and l iv e  

ro ck e ts*  Thus th e  "orange" hue of 7*5 E 6 /10  chosen f o r  coding BOMB 

was con sid ered  a co lo r which was w e ll r e l a t e d  r a th e r  th a n  a t  v a rian ce  

w ith  th e  subjects®  w ord-co lor a s s o c ia t io n  e x p e rien c e * •

36
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Reasoning behind s e le c t io n  of th e  o th e r th re e  cue ta b  c o lo rs  

in c lu d ed  th e  fo llow ing*  I t  was the brow nish s t a i n  of d r ie d  a irp la n e  

f u e l  t h a t  suggested  th e  use of "brow n", 10o0 R 3 /6 , used  to  code 

CHOP; th e  coo ln ess  of th e  h ig h  key "g re en " , 7<>5. GY 8 /6 ,  seemed a 

lo g ic a l  reaso n  to  so code BB-ICE£0 The "b lue"  of 2*5 PB 3 /6  used to  

code HOLD was s e le c te d  because th e  hue p o ssessed  none o f the s to p , 

go, or warning a s s o c ia t io n s  c h a r a c te r i s t i c  o f re d , g reen , ye llow , 

r e s p e c t iv e ly * S ince th e  a irb o rn e  o p e ra to r f in d s  th e  word HOLD most 

f r e q u e n tly  used  in  co n n ec tio n 'w ith  n e u t r a l ,  non-emergency types of 

commands, th e  2*5 PB 3 /6  was s e le c te d  as being r e l a t i v e l y  n e u tr a l  

and w o rd -a s so c ia tio n  fre e *

Use of "orange" 7*5 R 6/10 and " red "  10@0 RP 4 /4  to g e th e r in  a 

s e t  of c o n tro ls  c o lo r cues was d e l ib e r a te ly  done as a t e s t  of the  

p o s s ib le  con fusion  which might r e s u l t  from the two "h o t"  c o lo rs  

being  seen  in  th e  same group of cue tab s*  With s u b je c ts  e x e r tin g  

maximal e f f o r t  to  sea rch  f o r  and dep ress  th e  t a r g e t  pushbu tton  in  

th e  s h o r te s t  p o s s ib le  tim e , th e re  was a c o n d itio n  p re se n te d  by th e se  

"neighbor" hues which would t e s t  t h e i r  d i s t in g u is h a b i l i ty *

E xperim ental ev idence of the  degree  of d i s t in g u i s h a b i l i ty  

a ffo rd e d  by use o f the  "red"and "orange" cue ta b s  i s  p re sen te d  in  

th e  R esu lts  s e c t io n  o f th i s  p ap e r, and analyzed  in  th e  s e c t io n  

headed Discussion®

6* I l lu m in a tio n  o f  the  C o n tro l P anel

To in su re  d i s to r t io n - f r e e  i l lu m in a tio n  of th e  co lo red  cue t a b s ,
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th e  t e s t in g  was conducted in  a room w ith  windows reach in g  to  th e  

c e i l in g  and ad m ittin g  n o rth  l ig h t  o n ly . No a r t i f i c i a l  l ig h t  was 

employed| t e s t in g  was conducted d u rin g  hours which were c le a r ly  f r e e  

o f s u n r is e  and su n se t s p e c t r a l  l im i t a t i o n s 0 E a r l i e s t  t e s t in g  began 

no e a r l i e r  th a n  1®5 hours a f t e r  s u n r is e ;  l a t e s t  t e s t in g  ended no l a t e r  

th a n  2 ,0  hours b e fo re  s u n s e t0

Measurement of in c id e n t d a y lig h t reach in g  th e  c o n tro l  p an e l 

gave read in g s  of approx im ate ly  130 f t ,  cand les illum ination®

E s ta b lis h in g  Random P re s e n ta t io n  of C olor Coding

In  o rd e r to  th o rough ly  e lim in a te  any use of p o s i t io n  as a cue i 

f o r  d i s t i n g u i s h a b i l i t y , the  lo c a t io n  o f the  f iv e  cue ta b s  was changed 

fo r  each t r i a l ,  w hether monochromatic or p o ly ch ro m atic ,  S ystem atic  

random ization  of th e  r e lo c a t io n  was determ ined by use o f a 5x5 L a tin  

Square randomly s e le c te d  from F ish e r  and ,Y ates S t a t i s t i c a l  T ab les0 

Twenty perm u ta tio n s  p rov ided  f u r th e r  random s e le c t io n  of th e  o rder in  

which th e  cue ta b s  were to  be p la c e d . In  a c tu a l  use during  more th an  

2000 t r i a l s ,  th e  random o rd e r thus d e riv ed  was never s u c c e s s fu lly  

a n t ic ip a te d  by any s u b je c t .

The o rd e r o f p r e s e n ta t io n  o f command cards was a ls o  random ized 

by use o f th e  5x5 L a tin  S quare , t h i s  p rocedure  supp ly ing  s t i l l  an o th e r 

d iscouragem ent to  ,ss e t w or advance knowledge of th e  command to  be 

employed. Thus, a lth o u g h  th e  v a r ie ty  of commands was l im ite d  to  5 , 

d u ring  t e s t in g  su b je c ts  never knew which o f th e  commands would appear 

n e x t .
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Be PROCEDURE

E xperim enter p la ee d  a command card  in  th e  c o n tro l  p a n e l window® 

S u b jec t was in s t ru c te d  n o t to  h u rry  w hile  read in g  th e  command s in c e  

tim ing  of h is  response  was n o t begun u n t i l  th e  sc ree n  dropped c le a r  

o f th e  c o n tro l  pushbu ttons and th e i r  cue tabs®

This p rocedure  e lim in a te d  th e  a d d it io n  of a n o th e r v a r ia b le  t 

nam ely, 321 re q u ire d  f o r  view ing and p e rc e iv in g  th e  meaning of the 

command word®

Thus, th e  s u b je c t was ab le  to  t r a n s f e r  h is  gaze from  the window 

and command card  to  a p o in t on th e  s c re e n  app rox im ate ly  opp o site  th e  

c lu s t e r  of p u sh b u tto n s , c o n ce n tra te  upon the command word and th e  

problem  o f f in d in g  th e  co rrespond ing  cue ta b , th en  squeeze th e  i n t e r 

com sw itch  r e le a s in g  th e  sc ree n  a t  th e  in s ta n t  he h im se lf  elected®

This meant th e  t e s t s  were s e lf -p a c e d  by th e  s u b je c t ,  ra th e r  

th a n  ex perim en ter paced , a f a c to r  which undoubtedly  c o n tr ib u te d  to  

the . v e ry  f a s t  RTs recorded® (See T ables 2 th rough  10)®

With th e  pushbu ttons and cue ta b s  in  v iew , th e  s u b je c t sought 

out th e  t a r g e t  b u tto n  and h i t  i t  in  th e  s h o r te s t  tim e he could® 

E le c tro n ic  tim ing  o f h is  response  cu t o f f  when th e  t a r g e t  b u tto n  was 

d ep re ssed , opening the coun ter c irc u it®  Since a l l  pushbu ttons were 

w ired in  p a r a l l e l ,  d e p re ss io n  of any b u tto n  stopped  th e  c o u n te r , an 

app ara tu s  f e a tu re  which p e rm itte d  tim ing  o f wrong b u tto n  h i t s  as 

w e ll as c o r re c t  hits®

The o rd e r of t e s t in g  was a l te r e d  f o r  each o f th r e e  groups to
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g erm it a n a ly s is  of o rd e r e ffe c t ,, Group I  s u b je c ts  were t e s t e d  in  the  

o rders (1) Mono-L (2) Poly-L (3 ) Poly  No~L0 Group I I  su b je c ts  

were te s t e d  in  th e  o rd ers  (1) Poly-L  (2 ) Poly  No-L (3) Mono-Lo 

Group I I I  s u b je c ts  were t e s t e d  in  th e  o rd ers  (1) P oly  No-L (2) Mono-L 

(3) Poly-L*

When Mono-L cue ta b s  were the f i r s t  to. be t e s t e d ,  o r ie n ta t io n  

t r i a l s  c o n s is te d  in  runn ing  once each of th e  5 command c a rd s , w ith  

th e  s u b je c t in s t ru c te d  to  r e le a s e  th e  s c re e n  when he f e l t  read y  to  

s e le c t  th e  t a r g e t  pushbutton* Recording of E l began a f t e r  th e se  5 

o r ie n ta t io n  t r i a l s „

When Poly-L  cue tab s  were the  f i r s t  to  be t e s t e d ,  o r ie n ta t io n  

c o n s is te d  of a f iv e  m inute t r a in in g  p e rio d  during  which th e  su b je c t 

le a rn ed  which c o lo rs  coded which command la b e ls  * D uring th e  f i r s t  

te n  reco rd ed  t r i a l s ,  th e  s u b je c t  was allow ed  to  re p e a t a lo u d  th e  c o l

or cue to  be sought when he dropped th e  s c re e n , a tech n iq u e  which 

proved adequate f o r  firm in g -u p  co lo r code learn in g *

When P oly  No-L cue ta b s  were th e  f i r s t  to  be te s te d ,  o r ie n ta t io n  

was a lso  h e ld  to  f iv e  m in u tes , and ag a in  th e  s u b je c t was allow ed to  

re p e a t a loud  th e  d o lo r to  be sought when he dropped th e  screen* 

Comparison of t e s t  r e s u l t s  fo r  th e  f i r s t  te n  t r i a l s  o f Poly-L  f i r s t  

s u b je c ts  w ith  the  r e s u l t s  of the  P o ly  No-L f i r s t  s u b je c ts  showed 

th a t  the  l a t t e r  group were s low er to  re a c h  th e i r  mean RT, seemed to  

re q u ire  lo n g er warm-up0 This su g g ests  th e  o r ie n ta t io n  f o r  Poly-No- 

L - f i r s t  su b je c ts  shou ld  have been lo n g e r th an  fo r  th e  Poly-L  f i r s t *

With s u b je c ts  e x e r tin g  maximum e f f o r t  f o r  each t r i a l  in  the
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a ttem p t to  re a ch  peak perform ance, th e  f i r s t  80 t r i a l s  u s u a lly  con

sumed a f u l l  hour of t e s t in g  time* At th i s  p o in t ,  s u b je c ts  were 

g iven  a f iv e  m inute b reak  b e fo re  beg inn ing  th e  second b lo ck  of 80 

t r i a l s e  S u b jec ts  ty p ic a l ly  approached t h e i r  mean El du rin g  th e  p e rio d  

of t r i a l s  20 to  40, hence warm-up e f f e c t  was co n sid e red  e s s e n t ia l ly  

n e g l ig ib le , i f  p re s e n t a t  a l l ,  du ring  th e  f i n a l  20 t r i a l s  o f the  60 

g iven  fo r  each cue type*

N o ta tio n  o f th e  ET of each t r i a l  was made on raw d a ta  sh ee ts  

a f t e r  co n firm a tio n  o f th e  chronoscope re a d in g  had been v e r i f ie d  by 

both  s u b je c t  and experim enter*  Records in c lu d ed  o b se rv a tio n s  on 

h e s i t a t io n s  as w e ll  as e r r o r s ,  and on how th e  sea rch  ta s k  was p e r 

form ed, i*e* l e f t  to  r i g h t ,  r ig h t  to  l e f t ,  or c e n te r  s t a r t *

S u b je c t was se a te d  in  a w ritin g -a rm  c h a ir  whose s e a t  was 18*0 in* 

from  the f lo o r  <, D ir e c t - l in e  d is ta n c e  from  th e  f r o n t  edge of the  arm 

to  the  pushbu ttons was 18*5 in c h e s0 At th e  s t a r t  o f a t r i a l ,  the  

s u b je c t was re q u ire d  to  keep th e  r ig h t  hand r e s t in g  on th e  arm so  

th a t  palm  and f in g e rs  were behind  th e  arm ’s f r o n t  edge; th e reb y  

e s ta b l is h in g  18*5 in ,  as th e  m inim al reach  req u ire d *

With the  pushbuttons mounted in  l in e  37*0 in ,  from  th e  f lo o r  $ 

th e re  was an easy  l i f t . f o r  th e  hand r i s i n g  from th e  26*0 in ,  e le 

v a tio n  o f the  w r i t in g  arm to  th e  ta rg e t*  According to  an th ropo

m etry ta b le s  e s ta b l is h e d  by USAF re c o rd s , (3 9 ), th e  reach  re q u ire d

was w e ll w ith in  the  mean a n te r io r  arm reach  of a v ia t io n  c a d e ts :

■ . +  : ■ > '  ' '  ■ - ' •

35*2 „ 1*6 inches*
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S u b jec ts  were members of a USAF f ig h te r ^ in te r c e p to r  squadron on 

a c t iv e  duty  f ly in g  tw o-p lace  j e t  a i r  c r a f t e In d iv id u a ls  s e le c te d  

com prised 4 p i l o t s  and 5 ra d io  o p e ra to rs » These were d iv id e d  in to  

th re e  g roups | Group I  and Group IX each had one p i l o t  and two RGs,

Group I I I  had two p i lo t s  and one K0o

Ages v a rie d  from  22 through 26 s a l l  s u b je c ts  w ere m arried,. S ix  

Sss in c lu d in g  th e  4 p i l o t s ,  were USAF c a re e r  men; th e  rem aining th re e  

were n o n -c a ree r ROs*

T ra in in g  w i th in  th e  USAF v a r ie d  w ith  len g th  o f .service* The 

youngest member o f  th e  group had more th a n  2-g- y ea rs  A ir Force exper

ie n ce ; th e  o ld e s t  had s l i g h t l y  more th a n  5 y e a r s e

Age and t r a in in g  d id  n o t seem to  have a m easureable e f f e c t  on 

RT s c o r e s , how ever, as Table H  shows. Ranked in  term s o f STs,

P i l o t  Meo age 25, p laced  1 s t ;  RQ M, age 22 p laced  2nd*

B iggest s in g le  f a c to r  a f f e c t in g  RT speed seemed to  be m otiva

tion® In  g e n e ra l, th e  c a re e r  men appeared  more eag er to  ra c k  up 

f a s t  sco re s  th an  d id  th e  n o n -c a re e r  men. In d iv id u a l d if f e re n c e s  in  

p e r s o n a l i ty  a lso  may have been a f a c t o r , a lthough  th e re  was no a ttem p t 

made to  e v a lu a te  p e r s o n a l i ty  s y s te m a tic a lly o  -

In d iv id u a l d if f e re n c e s  were v e ry  marked d u rin g  t e s t s  of hand- 

t r a v e l  RT, tim in g  o f which was accom plished by having  Ss drop the 

sc reen  and h i t  any b u tto n , no sea rch  fo r  a given t a r g e t  being r e 

q u ire d , Table 12 l i s t s  th e  r e s u l t s  o f th i s  phase of th e  t e s t i n g ,



w hile  th e  s ig n if ic a n c e  of h a n d - tra v e l time f o r  o v e r - a l l  r e s u l t s  is  

d iscu ssed  in  S e c tio n  IV@



Ill, BESULTS

A. TYPICAIIIY OF TRIALS ON IHIGi RESULTS ABE BASES

Nine s u b je c ts  went th rough  e x a c tly  180 t r i a l s  each , making a 

grand t o t a l  of 1620 t r i a l s , Each s u b je c t was te s te d  w ith  60 t r i a l s  

fo r  each of th e  th re e  cue ty p e s , monochromatic w ith  la b e ls  (mono-1), 

po lychrom atic  w ith  la b e ls  (p o ly -1 ) , and po lychrom atic  w ithou t la b e ls  

(po ly  n o -1 ) .

S ince the  core o b je c t iv e  of th e  experim ent was to  t e s t  w hether 

th e  a d d it io n  o f c o lo r  coding to  c o n tro ls  la b e ls  would improve the 

speed and accuracy  o f s e le c t io n  r a th e r  th a n  to  t e s t  a b so lu te  speed 

and accu racy , i t  was co n sid e red  i r r e le v a n t  to  indu lge  in  an extended 

s e r ie s  o f p r a c t ic e  t r i a l s „ Exam ination o f Table 11 and th e  column of 

mean RTs sco red  f o r  th e  mono-1 cue type  w i l l  show a r e s u l t  which was 

expecteds th e  g re a t  m a jo rity  of s u b je c ts  (8 out of 9 ) ,  were unable 

- to  b rin g  t h e i r  s e le c t io n  speed under 600 m ill is e c o n d s .

This r e s u l t  was expected  in  re c o g n itio n  of th e  f a c t  t h a t  w ith  

monochromatic cu es , su b je c ts  were fo rce d  to  sea rch  and f in d  th e  t a r 

g e t p u sh b u tto n  by read in g  th e  l a b e l s , This o p e ra tio n  m ight no t have 

been to o  d i f f i c u l t  i f  th e  sp read  of th e  5 la b e ls  had n o t been 9 ,6  in 

ch es , which ren d e red  Im possib le  re a d in g  them as a s in g le  b lo ck  by 

fo cu s in g  on th e  c e n te r  l a b e l .  R a th e r , i t  was found t h a t  each la b e l  

had to  be read  one a t  a tim e , and s in c e  th e  p o s i t io n s  o f th e  la b e ls  

were, a l te r e d  a f t e r  each t r i a l ,  the  t e s t  became a m a tte r  o f develop ing

44



45

maximal speed o f sea rc h  w ith  re a d in g , accompanied by re c o g n it io n , 

u n d e rs tan d in g , or p e rcep tio n *

When th e  s u b je c ts  t r i e d  to  in c re a se  s e le c t io n  speed .by  read in g  

f a s t e r ,  th ey  o f te n  scanned p a s t  the  t a r g e t  l a b e l ,  s ee in g  b u t not 

p e rc e iv in g , th en  had to  scan  back u n t i l  th ey  lo c a te d  i t 0 The d e lay  

due to  s c a n -p a s t in v a r ia b ly  caused a lo n g e r RT, o f te n  eq u a l to  a f u l l  

s tan d a rd  d ev ia tio n *

The problem  of o p tim al scan speed fo r  sea rch  r e q u ir in g  read in g  

i s  d iscu ssed  in  some d e t a i l  in  th e  n ex t sec tio n *  This problem  ob

v io u s ly  had to  be so lved  in s t i n c t iv e ly  by each s u b je c t  as he t r i e d  

to  avo id  s c a n -p a s t y e t re a d  w ith  maximal speed*

Group I  s u b je c ts ,  s t a r t i n g  w ith  mono-L cu es , had to  d iscover by 

t r i a l  and e r ro r  t h e i r  in d iv id u a l  re ad in g  speed th re sh o ld s  during  th e  

f i r s t  t r i a l s  undertaken* .While s t ru g g lin g  to  reduce th e  e r ro r s  an d / 

or h e s i t a t io n s  due to  s c a n -p a s t th ey  may be co n sid ered  to  have been 

undergoing warm-up® T y p ic a lly , warm-up extended th rough  th e  f i r s t  

20 to  30 t r i a l s  a t  the  end of which s u b je c ts  were g iven  a 5 minute 

break* R etu rn ing  fo r  th e  second hour of t e s t i n g ,  Ss u s u a l ly  h i t  t h e i r  

maximal perform ance d u rin g  t r i a l s  31 to  40*

Thus, perform ance d u rin g  th e  f i n a l  20 t r i a l s  o f the  mono-L cue 

type found su b je c ts  e s s e n t i a l ly  f r e e  of warm-up * O r ie n ta t io n  was 

w e ll behind them, th ey  seemed to  have made f r ie n d s  w ith  th e  appar

a tus*  I t  was th e re fo re  co n sid ered  b e s t  to  use the f i n a l  20 t r i a l s  

as th e  most ty p ic a l  perform ance, and th e se  sco res  com prise th e  raw 

d a ta  r e s u l t s  rep o rted #
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S im ila r ly  w ith  th e  poly-1* and p o ly  no-1* t e s t s , i t  was found th a t  

th e  f i n a l  20 t r i a l s  re p re se n te d  the most ty p ic a l  performance*,

A ccord ing ly , d e riv ed  d a ta  p re se n te d  in  the  ta b le s  and re p o r te d  

in  th e  r e s u l t s  a re  based on raw d a ta  reco rd ed  f o r  th e  f i n a l  20 t r i a l s  

o f each  cue ty p e 0 P repared  in  g raph ic  form  com prised of curves fo r 

perform ance w ith  each of th e  cue types f o r  each of th e  9 s u b je c ts ,  

th e  a c tu a l  sco res  have been a tta c h e d  to  th is  paper in  th e  Appendix, 

F igu res 6 through  14*

Bo MAJOR BESOMS ,

R esu lts  o b ta in ed  in  th i s  c o n tro l  co lo r coding t e s t  program 

amount to  u n u su a lly  s tro n g  su p p o rt f o r  th e  p o s tu la te  t h a t  po lych ro 

m atic  coding i s  su p e r io r  to  monochromatic coding . As Table 1 r e v e a ls ,  

th e  combined grand mean p e rc e n t of improvement over monochromatic 

sco red  by use of po lychrom atic  cues was found to  be 57*17$ w ith  

poly-1* mean improvement amounting to  54,66$ and p o ly  n o -1  mean im

provement r i s i n g  to  59,68$,

The mean RTs and SBs fo r  each s u b je c t fo r  each of th e  th re e  cue 

types d u rin g  th e  f i n a l  20 t r i a l s  a re  p re sen te d  in  Tables 2 through 

10,
M inimal mean p e rc e n t improvement f o r  p o ly  no-1  was 21,79$ 

sco red  by P i lo t  S , of Group I I I ,  te s te d  w ith  p o ly -1  cues f i r s t  in  

th e  s e r i e s ,  which meant l e a s t  amount of b e n e f i t  from p r a c t i c e ,  (This 

mini mal  f ig u re  was c a lc u la te d  by use o f th e  mono-1 mean RT minus one 

SB, a rem ainder co n sid e red  re p re s e n ta t iv e  of maximal or f a s t e s t



mono-L mean RT sp eed , and use of th e  p o ly  no-L mean RI p lu s  one SD, 

co n sid ered  re p re s e n ta t iv e  of the  m inim al o r s lo w est p o ly  no-L mean 

RT speed*)

Combined minim al p e rc en t po lychrom atic  improvement fo r  a l l  

s u b je c ts  amounted to  29047%, a f ig u r e  fa r . s tro n g e r  th a n  b o rd e rlin e  

s ig n if ic a n c e 0



TABLE In  C6MBINSD MIAN % ISPROi'BMENT FOR ALL SUBJECTS

Mean Grand Mean
Cue Type % Improvement % Improvement 

AIL GROUPS Over Mono#! P oly  Over Mono
Combined

R esu lts  BolyvL 54*66
57s 17

P o ly  no-L 59*68
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m  2# GROUP I  ORDER OF TESTING

Cue Type O rder of 
T es tin g

Mono-L 1

Group I Poly-L 2

P oly  no»L 3

TABIE 3 ft GROUP I  INDIVIDUAL EMM STss SDs, % IMPROVEMENT

S u b jec t Cue Type Mean RT 
(m sec.)

S tan d ard
D ev ia tio n

Mean
fo Improvement 

Over Mono-L

Mono-L : 671 228

P i lo t  Hi* Poly-L 342 80 49*03

Poly  no-L 245 : 46 . 63,46

Mono-L 808 212
1

RO N» Poly-L 538 171 33*42

P oly  no-L 310 107 61,63

Mono-L 701 182

RO T0 Poly-L 353 86 49 ,64

P oly  no-L 281 35 59,91

Mean RTs a re th o se  f o r f i n a l  20 t r i a l s  f o r  each cue ty p e .

TABIE; 4 , GROUP I  COMBINED MEAN % IMPROVEMENT
Grand Mean

Cue Type % Improvement % Improvement
Over Mono-L Poly Over Mono

GROUP I  
Combined

Poly-L 44,03
52,85

R esu lts Poly  no-L 61,67

}



TABES-8* GROUP I I  ORDER ©F TESTING

Cue Type Order of 
T es tin g

Group I I Poly-L 1

Poly  no«=L 2

Mono-L 3

TABUS 6 . GROUP I I  INBIVIDUAL HEM RTs, EDS, %

l

S u b jec t Cue Type Mean RT 
(msec0)

S tandard  
D ev ia tio n  

(m sec.)

Mean
% Improvement 

. Over Mono-L

Mono-L 664 171

P i lo t  Ha., P o ly -L • 348 29 47*59

P oly  no«L 295 38 55*57

Mono-L 860 285

RO Ko Poly-L 473 116 45*00

P oly  no-L 313 61 63*60

Mono-L 644 201

RO L0 Poly-L 251 47 61*02

P oly  no-L 231 37 64*13 '

Mean RTs a re  th o se  f o r f i n a l  20 t r i a l s  f o r  each cue type*

TABLE 7a GROUP I I  COMBINED MEAN % IMPROVEMENT

Cue Type
Mean Grand Mean

% Improvement % Improvement
Over Mono-L Poly  Over Mono

GROUP I I  
Combined 
R e su lts

Poly-L  

Poly  no-L

51*20

61*10
56*15



TABLE 8 S GROUP I I I  ORDER OF TESTING

Cue Type Order of 
T es tin g

Group I I I  P o ly  no-L 1

Mono-L 2

Poly-L 3

TABLE $» • GROUP I I I  EtolVIDUAL MESS RTs, SDs, % IMPROTEM1NT

S u b jec t Cue Type Mean RT 
(msec*)

S tandard
D ev ia tio n

(m sec.)

Mean
% Improvement 

Over Mono-L

Mono-L 465 202

P i lo t  Me» Poly-L 113 32 75*70

P oly  no-L 233 95 49*89

Mono-L 609 128

R@ M « Poly-L 198 25 67*49

P oly  no-L 217 29 64*37

Mono-L 623 146

P i l o t  So Poly-L 230 136 63*08

P oly  no-L 281 92 54*92

Mean RTs a re  th o se  f o r  f i n a l  20 t r i a l s  f o r  each cue type-*

TABLE 10» GROUP I I I  COMBINED MEAN % IMPROfMENT

Mean Grand Mean
Cue Type % Improvement /F Improvement

Over Mono-L Poly Over Mono

GROUP I I I  
Combined

Poly-L 68*76
62*57

R esu lts P oly  no-L 56,39



G. ORDER EFFECT AND INTERACTION ANALYSIS;
— — — —  ■' ' — — — — —— — —

. T ab u la tio n  o f mean t e s t  sco res  f o r  po ly -L  and p o ly  no-L, Table 

14, p ro v id es  v i s i b i l i t y  o f w hatever o rd e r e f f e c t  and in te r a c t io n s  may 

have been p re se n t du ring  th e  te s t in g *

At f i r s t  g la n ce , i t  would appear th a t  s in ce  6 o f the  9 su b je c ts  

dem onstrated  s ig n i f ic a n t  improvement when given po lychrom atic  cues 

w ith o u t l a b e l s ,  a co n c lu s io n  cou ld  be drawn th a t  s e le c t io n  speed i s  

f a s t e r  when c o n tro ls  a re  coded by c o lo r  only th an  when coded by 

c o lo r  p lu s  la b e ls

Exam ination o f th e  sco res  reco rd ed  f o r  Group I I I ,  however seems 

to  show a r e v e r s a l  o f th a t  p r in c ip le *  Group I I I  s u b je c ts  sco red  s ig 

n i f i c a n t ly  f a s t e r  RTs f o r  po ly -L  th a n  f o r  p o ly  no-E*

C o n sid e ra tio n  o f th e  v a rian ce  in  t e s t in g  o rd e r su g g ests  a d i f f e r  

en t conclusion*  The f a s t e s t  mean sco res  were in v a r ia b ly  made on th e  

second po lychrom atic  cues t e s t in g  s e s s io n  by a l l  th r e e  g roups, 

w hether th e  cue type was po ly -L  o r p o ly  no-L* Thus th e  in d ic a t io n s  

a re  th a t  some degree of p r a c t ic e  e f f e c t  was a t  work*

Y e t, i f  p r a c t ic e  e f f e c t  p e r  se  was of s ig n i f le a n t  fo rce  th rough

out th e  t e s t i n g ,  s u b je c ts  should  have made f a s t e r  RTs f o r  monochro

m atic  la b e l  coding when th i s  cue "type was th e  th i r d  and l a s t  t e s t  of 

th e  s e r i e s , as i t  was f o r  Group II*  Study of th e  mean RTs fo r  mono-L 

in  Table I I  r e v e a l s , however, t h a t  th e re  was no s ig n i f i c a n t  d if fe re n c e  

between th e  mono-L sco res  o f Group I I  and th e  mono-L sc o re s  of Group 

I  which began w ith  mono-L cues *
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TABLE 11* m m  

Group S u b jec t

RT RANK ORDER FOR AIL SUBJECTS

Mean RT. (m secs») Rank

Mono-L Poly-L  P o ly  no-L Order

Mean
F a s te s t

Rank

Group
Rank

Order

P i lo t  Hi 671 342 245 6 ,5 ,4 5.

I  RQ No 808 538 310 8 ,9 ,8 8 3

RO To 701 353 281 7 ,7 ,6 7

P i lo t  Ha 664 348 295 . 5 ,6 ,7 6

i i  m  K0 860 473 313 9 ,8 ,9 9 2

m u 644 251 231 4 ,4 ,2 4

RO M*. 609 198 217 2 ,2 ,1 2

I l l  P i l o t  Me 465 113 233 1 ,1 ,3 1 1

P i lo t  So 623 230 281 3 ,3 ,6 3

O rder of T es tin g 1 2 3

Group I Mono-L Poly-L P oly  no-L

Group I I Poly-L Poly  no-L Mono-L

Group I I I P oly  no-L Mono L Poly-L
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TABUS 12» MEAN KF FOR HAIffl TRAVEL, ALL SUBJECTS

Group S u b jec t
Mean RT 

Mono-L

f o r  Hand T rav e l 
(m sec.)
Poly-L  P oly  no-L

Grand Mean 
Hand T rav e l 

(m sec.)

RT
Rank

Group
Rank

P i l o t 'H i . —— 73 82 77 8

I  RO No’ =— 109 20 64 . 4 2

RO To 39 39 39 2

P i lo t  Ha* 37 93 33 54 3

I I  RO Ko 82 127 60 90 9 3

Re io 88 61 61 70 7

RO M e 69 77 54 67 5

I I I  P i lo t  Mc„ ——= 03 19 11 1 1

P i l o t  So 62 62 82 69 6

Order of T estin g 1 2 3

Group I Mono-L Poly-L Poly no-L

Group I I Poly-L Poly  no-L Mono-L

Group I I I Poly nb-L Mono-L Poly-L
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TABUS 13» ERRORS AMD HESITATIONS RECORD, A tt  SUBJECTS

E rro rs  H e s ita tio n s .
Group S u b jec t

Mono-L Poly-L  P oly  no-L Mono-L Poly-L Poly n 0 ‘

P i lo t  H i, 2 (s )  
2 (h)

1 (c ) 0 i t )
1 (u)

2 ( s )
3 (u)

1 (c ) 
3 (u)

I R0 N, 0 0 3 (c ) 3 (s )  
2 (u )

2 (h)
3 (c ) 
1 (s )

1 (c )
2 (u)

R0 T, 2 (h ) 1 ( s ) 1 (c ) 
1 ( s )

1 ( s )
2 (u)

1 (u)
2 ( s )

1 (c ) 
1 (u)

P i lo t  Ha, 1. ( s ) 2 (c ) . 0 5 (u) 3 (u) 1 (c ) 
1 (u)

I I R0 Ko . . 0 o ' 0
1 (s )
2 (h)
3 (u)

2 (e ) 
2 (u)

2 (u )

R0 L, 2 (s )  
1 (h)

0 0 1 (s )
2 (u)

1 (c ) 
3 (u)

1 (c ) 
1 (u)

R0 M, 3 (s ) 1 (c ) 1 ( c ) 3 (s ) 0 2 (c ) 
1 (u)

I I I * P i lo t  Me, 3 (h ) 0 S o 1 (8 )
1 (u)

0 1 (s )  
1 (h)

P i l o t  S= 4 (fa.) 2 (o) 1 (c ) 1 (s )
2 (u)

1 (c ) 
1 (u) 1 (u)

T o ta ls 8 (s )  
12 (h)

6 (c ) 
1 (s )

6 (c ) 
1 ( s )

12 (s )  
18 (u) 

3 (h)

5 ( s )  
7 (c ) 
2 (h) 

13 (u )

7 (c ) 
1 (s )  
1 (h) 

12 (u)
20 7 7 33 27 21

»N ote» Group I I I  was te s t e d  w ith  p o ly -L  cue ta b s  l a s t , whereas th e  
””  o th e r  groups were t e s t e d  w ith  p o ly  no-L cue ta b s  l a s t s

Symbolss (s )=  scan  or re a d in g  (c)=  c o lo r  con fusion  
(h)= hand t r a v e l  (u)=  undeterm ined

Mean h e s i t a t io n  improvement^ 27+21%
E r ro r  improvement^ 286%



TAB® 14. ORDER EFFECT & INTERACTION ANALYSIS

Mean E!' (mseco) Ms ecso % Group %
Group S u b jec t Gain Over Gain Over Gain Over

Poly-L P oly  no-L 1 s t Po ly 1 s t Poly 1 s t Poly

P i lo t  Hi,o 342 245 97 28*36

I RO N* 538 310 188 34 .94 27*89

RO T» 353 281 72 20*39

P i l o t  Ha,» 348 295 53 15*23

I I RO K. 473 313 160 33*80 18*99

RO L® ■ 251 ■ 231 20 . ' 7*96

RO 198 217 ; 19 51*50

H I * P i l o t  Me,, 113 233 120 8*75 29*13

P i lo t  S 0 230 281 51 18*14

■si-Note t Group I I I  was te s t e d  w ith  Foly-L  as th e  2nd polychrom s-tic 
cue ty p e ; o th e r  groups had Foly-L  as th e  1 s t po lychrom atic  cue 
type^

Order of T estin g 1 2 3

Group I Mono-L Poly-L Poly  no-L

Group I I Poly-L Poly no-L Mono-L

Group I I I Poly  no-L Mono-L Poly-L
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Viewing th e  sco res  o f Group I I I  in  Table 11 f o r  p r a c t ic e  e f f e c t s  

c a l l s  f o r  re c o g n itio n  o f s t i l l  an o th er f a c to r  a f f e c t in g  group perform 

an ces , nam ely, in d iv id u a l  d i f f e r e n c e s 0 Group I I I  happened to  be com

p r is e d  o f th e  th re e  s u b je c ts  whose s u p e r io r  sco res  caused them to  ran k  

1 s t ,  2nd and 3 rd  in  th e  ran k  o rd e r fo r  f a s t e s t  mean RTs» S ince the  

assignm ent of su b je c ts  to  the  re s p e c tiv e  groups was made by an Opera

t io n s  O ff ic e r  whose only  concern was th e  convenience of h is  squadron1s 

re g u la r  d u tie s  r a th e r  th a n  s u i t a b i l i t y  of in d iv id u a ls  f o r  th e  c o n tro l  

p a n e l experim ent, th e re  was no rea so n  to  .assume th a t  th e  men of Group 

I I I  were n o t randomly se le c te d *

While i t  could  be argued th a t  p i l o t s  a re  t y p ic a l ly  f a s t e r  th a n  

ROs and Group I I I  had two p i lo t s  w hile  th e  o th e r  groups had bu t one 

each , exam ination  o f Table 11 and th e  ran k  o rd e r o f p i l o t s  versus 

ROs w i l l  re v e a l  th a t  ROs p laced  2nd and 4 th  w ith  two p i l o t s  below 

them, 5 th  and 6th* F a s te s t  mean sco re  f o r  po ly  n o - I  was 217 m secs ,, 

racked  up by an RO, no t by a p i lo t*

In  view of th e se  f a c t s ,  i t  would be f a l la c io u s  to  pursue th e  

assum ption th a t  p i l o t s  a re  ty p ic a l ly  f a s t e r  and a c c e p t th e  assump

t io n  as an e x p la n a tio n  of Group I l l ' s  s u p e r io r  perform ance* At 

b e s t  i t  can only  be s a f e ly  concluded th a t  Group I I I  happened to  

have th e  th re e  f a s t e s t  in d iv id u a ls  among th e  n ine  men te s te d *

Table 12,. Mean RT fo r  Hand T rav e l, A ll  S u b je c ts , p re se n ts  

an o th er group of r e s u l t s  b earin g  on th e  m a tte r  of group in te r a c 

t io n s  and th e  e f f e c t  o f In d iv id u a l c a p a b i l i t i e s *  A com parison of 

_ Table 12 w ith  Table 11 shows th a t  c o r r e la t io n  between hand t r a v e l
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speed and perform ance speed is  n i l  fo r  a l l  but one s u b je c t ,  P i l o t  Mce? 

who ranked 1 s t  in  b o th „ S u b jec ts  ra n k in g  2nd and 3 rd  in  perform ance 

ranked 5th and 6 th  in  hand t r a v e l ;  s u b je c ts  rank ing  2nd and 3rd in  

hand t r a v e l  ranked 7 th  and 6 th  in  perform ancea

C o rre la tio n s  between group rank  o rd er a lso  f a i l  to  ap p ea r, w ith  

th e  ex cep tio n  of Group I I I  which ranked f i r s t  in  both  hand t r a v e l  and 

perform ance* But Group I ,  which ranked  3rd  in  perform ance, ranked 

2nd in  hand t r a v e l ;  Group I I ,  which ranked 2nd in  perform ance, ranked 

3 rd  in  hand tra v e l*

In  summary, evidence p o in ts  to  th re e  co n c lusions reg ard in g  o rd e r

e f f e c ts

16 Order o f p re s e n ta t io n  had no s ig n i f ic a n t  e f f e c t  on KT fo r  

c o n tro ls  s e le c t io n  when coded by monochromatic l a b e l s 0 Reading 

speed d id  n o t improve s ig n i f i c a n t ly  w ith  p ra c tic e *  .

2s Order o f  p re s e n ta t io n  had a s ig n i f ic a n t  e f f e c t  on RT f o r  

c o n tro ls  s e le c t io n  when coded by po lychrom atic  cu es , p r a c t ic e  e f f e c t s  

appearing  to  have a f f e c te d  th e  mean p e rc e n t of improvement, as Table 

14 r e v e a ls e As s u b je c ts  gained  in  p r a c t ic e  w ith  th e  c o lo r  coding , 

th ey  improved in  s e le c t io n  speed*

3® In co n c lu siv e  d a ta  a re  p rov ided  by p re se n t r e s u l t s  as to  

th e  r e l a t iv e  s u p e r io r i ty  of po lychrom atic  cues w ith o u t la b e ls  over 

po lychrom atic  cues w ith  la b e ls*  I t t i i le •th e re  was rea so n  to  b e lie v e  

th a t  la b e l s  became o f no use to  s u b je c ts  of Group I I I  in  s co rin g  the  

f a s t e s t  mean RTs when usin g  th e  po ly-L  cue ta b s ,  f u r th e r  te s t in g  i s  

in d ic a te d  to  v a l id a te  th i s  conclusion*



17. DISCUSSION

A» MOTOR KSSPOMSE VS. PERCEPTUAL RESPONSE

Comparison of Table 11, Mean RT f o r  Hand T ra v e l , w ith  Table 12, 

Mean RT Rank O rder fo r  A ll  S u b je c ts , p e rm its  a view  of motor response  

v e rsus p e rc e p tu a l response  and o f how one e f f e c t s  th e  o th e r in  RT 

t e s t s  of th e  k ind  in v e s t ig a te d *

I t  m ight have been expected th a t  s u b je c ts  showing th e  f a s t e r  

perform ance RTs would have proved to  be those  w ith  th e  f a s t e r  motor 

response  or hand t r a v e l  RTs* However, t e s t in g  r e s u l t s  proved o th e r

w ise , w ith  s u b je c ts  ran k in g  2nd and 3 rd  in  perform ance speed sco rin g  

5 th  and 6 th  in  hand t r a v e l  speed , fo r  example* A gain, su b je c ts  ran k 

ing  4 th  and 5 th  in  perform ance ranked 7 th  and 8 th  in  hand tra v e l*

I t  i s  a lso  notew orthy th a t  motor response  mean RT v a rie d  from  

cue type  to  cue type  f o r  th e  same su b jec t*  This r e s u l t  su ggests  

th a t  maximal speed of motor response  i s  no t always p r e s e n t ,  p a r t ic u 

l a r l y  i f  th e  problem  of c o n tro ls  s e le c t io n  i s  le s s  th a n  p e r f e c t ly  

encompassed by th e  p e rc e p tu a l p rocesses*  For example, most s u b je c ts  

decreased  t h e i r  hand t r a v e l  tim e as th ey  p ro g ressed  from  one cue 

type to  th e  n e x t, b u t some s u b je c ts  d id  not* P i lo t  H i*1s l a s t  

group of t r i a l s  found h is  mean hand t r a v e l  speed slowed to  82 msecs* 

from  th e  72 msecs* mean RT sco red  in  th e  2nd group of t r i a l s  a lthough  

h is  perform ance mean RT fo r  th e  f i n a l  t r i a l s  was f a s t e r  by 97 msecs*

59
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A s im ila r  slow ing of hand t r a v e l  speed in  th e  f i n a l  t r i a l s  was re c o rd 

ed fo r  R0 w h ile  a t  th e  same tim e speed ing  up h is  perform ance RT0 

E v a lu a tio n  o f th e  p ro p o r tio n  of perform ance tim e consumed by 

hand t r a v e l  b rin g s  fo r th  th e  f a c t  th a t  motor response  tim e v a rie d  

from  9083% ( P i lo t  Mc0) to  33083% (SO Me)® I f  i t  can be assumed th a t  

th e  balance  of tim e consumed was p u re ly  p e rc e p tu a l, the  co n c lu sio n  

may be drawn th a t  in d iv id u a l  d if f e re n c e s  in  p e rc e p tio n  speed c o n s t i 

tu te  th e  most c r i t i c a l  co n d itio n in g  f a c to r s  in  c o n tro ls  s e le c t io n  

perform ance sco res*

While- th e  a c tu a l  mean ills  f o r  hand t r a v e l  v a r ie d  from 11 to  90 

msecs® among the  n in e  s u b je c ts ,  th e  a c tu a l  mean EEs f o r  f a s t e s t  

perform ance v a r ie d  from  113 to  313 msecs® O ther ex p erim en ta l designs 

th a n  th a t  employed in  t h i s  in v e s t ig a t io n  no doubt would be b e t t e r  

s u i te d  to  a s tu d y  of p e rc e p tio n  time® However, t h i s  a r e a  i s  obvious

ly  of v i t a l  concern  to  c o n tro ls  s e le c t io n  t r a in in g  as w e ll  as to  th e  

d esig n  of coding c o n tro ls  and in d ic a to rs *

In  th e  fo llo w in g  s e c t io n  a more d e ta i le d  d is c u s s io n  of the  p e r 

c e p tu a l problem s inv o lv ed  in  c o n tro ls  s e le c t io n  i s  presented®

B, ERRORS AMD HESITATIONS ANALYSIS

Table 13, E rro rs  and H e s ita tio n s  Record, A ll  S u b je c ts , p re se n ts  

r e s u l t s  of th e  e r ro r s  and h e s i ta t io n s  analysis®  Most dram atic 

d if f e re n c e  appears in  th e  e r ro r s  t o t a l s ,  w ith monochromatic cue ta b s  

causing  286% more e r ro r s  than  the  polychrom atic  cue tabs®

Study of the  e r ro r s  columns re v e a ls  th a t  po lychrom atic  cue ta b s
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cansed no e r ro r s  w hatsoever of the  hand t r a v e l  ty p e , whereas mono- . 

chrom atic cue tab s  e r ro r s  were 60% com prised of hand t r a v e l  m is ta k ese 

I h i l e  scanning e r ro r s  com prised 40% o f the  monochromatic cue ta b  m is

ta k e s ,  po lychrom atic  cue ta b  scanning e r ro r s  com prised only  14*3% of 

th e  m istakes*

As no ted  p re v io u s ly , th e  p o te n t i a l  o f co lo r co n fusion  between 

th e  " red "  10*0 EP 4 /4  and th e  Morange18 7*5 E 6/10 was d e l ib e r a te ly  

in tro d u ced  in to  th e  po lychrom atic  cue ta b s .  R esu lts  show th a t  a l l  

bu t 14,3% of the e r r o r s  caused by th i s  cue type were due to  c o lo r 

co n fu s io n . Hence th e  co n c lu s io n  may be drawn th a t  c o lo r  coding de

s ig n  should  avoid  use of co lo rs  as c lo s e ly  r e la te d  as the  ,!re d u and 

18orange” employed in  th i s  experim ent*

One e x p lan a tio n  of the  co lo r co n fu sio n  found in  t h i s  t e s t in g  

program may be d e riv e d  from a u th o r i t a t iv e  s tu d ie s  o f c o lo r  percep

t io n ,  in c lu d in g  th a t  o f th e  0SA Committee on C o lo rim etry  (3 8 ) , which 

r e p o r t  th a t  f a l l - o f f  of red -o ran g e  re c e p to r  s e n s i t i v i t y  has been 

found o u ts id e  a r e l a t i v e ly  sm all fo v e a l  a re a  of the  r e t i n a .  Color 

co n fu s io n  e r ro r s  and h e s i t a t io n s  were more o ften  reco rd ed  where the  

"red" and ” orange” cue tab s  were a t  o p p o site  ends of th e  cue ta b  

l i n e .  This meant t h e i r  images reached  th e  p e rp h e ra l a re a s  o f the  

r e t i n a  r a th e r  than  th e  fovea  when S . used  c e n te r  s t a r t  scann ing  as 

most S s , d id  w ith  po lychrom atic  cue ta b s *  I t  is  th e re fo re  in d i 

ca ted  th a t  " re d ” v s ,  "orange” d is t in c t io n s  o f th e  kind re q u ire d  by 

th e  cue ta b s  employed p re se n t p sy ch o p h y sica l p e rc e p tu a l l im ita t io n s  

which a re  b a s ic  and fundam ental. Im p lic a tio n s  of th e se  c o lo r
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p e rc e p tio n  l im i ta t io n s  a re  many, and o b v io u sly , each im p lic a tio n  r e 

q u ire s  in d iv id u a l  in v e s t ig a t io n ,  and w ith  th e  re s e a rc h  d esig n  d ic ta te d  

by the  end needs of th e  c o lo r  coding designer®

A f u r th e r  co n c lu s io n  is  a lso  a p p a re n t. I f  th e  ,6orange18 had been 

re p la ce d  by an o th er c o lo r which would n o t arouse c o lo r confusion  w ith  

th e  " re d " , th e re  would very  l ik e ly  have been m arkedly few er e rro rs  

reco rded  f o r . th e  po lychrom atic  cue types® In  th a t  ev en t, th e  degree 

of accuracy  a ffo rd e d  by co lo r coding as a g a in s t  monochromatic coding 

could  have mounted from  th e  p re s e n t 286% improvement to  perhaps 400% 

or b e t t e r .  F u r th e r  t e s t i n g  should  re v e a l  how v a lid  t h i s  co n clusion  

may be® . '

Exam ination’ of the h e s i ta t io n s  columns of T able  13 re v e a ls  th a t  

c o lo r co n fusion  was a lso  a prom inent f a c to r  in  the  p ro d u c tio n  of de

layed  ETso With po ly -L  cue ta b s , c o lo r  confusion  h e s i t a t io n s  amounted 

to  25*9%,and w ith  p o ly  no-L cue tab s  33*0%®

E lim in a tio n  or sharp  re d u c tio n  of th is  kind of ET de lay  could 

mean th a t  h e s i ta t io n s  improvement r e s u l t in g  from  co lo r coding might 

reach  60%, an im portan t advance p a r t i c u l a r ly  s ig n i f ic a n t  fo r  th e  con

t r o l  p an e ls  of hyperson ic  a i r c r a f t  and manned m is s i le s  w herein  a 60% 

d e lay  in  sea rc h  tim e could  s p e l l  th e  d if fe re n c e  between s u rv iv a l  and 

d isas te r®

P r a c tic e  e f f e c t  could be a sc r ib e d  to  th e  ap p a ren t e r ro rs  improve 

ment shown by Group I I  s u b je c ts  who were te s te d  w ith  mono-L cue ta b s  

l a s t  and sco red  33% few er e r ro r s  th an  Group I  s u b je c ts  who began w ith  

mono-L. A ffe c tin g  th i s  s i t u a t io n ,  however, i s  th e  f a c to r  of in d iv i 
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d u a l d if f e re n c e s  s ta b u la te d  in  Table 11, The 6 e r ro r s  irade by Group I  

su b je c ts  were reco rd ed  fo r  men ran k in g  5 th  and 7 th  in  mean ST speed 

hence i t  cannot be assumed th e y  were e q u a lly  capable as th e  two men of 

Group I I  who ranked 4 th  and 6 th  and sco red  only  4 e r r o r s a

Another query  maybe aroused  when examining th e  perform ance o f 

Group I I I  s u b je c ts  f o r  mono-1, e rro rs*  T h e ir t e s t in g  w ith  th e  mono

chrom atic  cue tab s  came 2nd, r a th e r  th a n  1 s t ,  y e t t h e i r  e r ro r s  t o t a l  

was 10, h ig h e s t  o f a l l  the  th re e  groups* S ince no la b e ls  were used 

du rin g  Group I l l ’s f i r s t  t e s t s ,  p o ly  no-L cue ta b s  b e in g  th e  cue 

ty p e , a r e - le a rn in g  ta s k  was imposed on th i s  group by th e  mono-L cue 

type n o t re q u ire d  of Group I  which began w ith  mono-L* F u rth e r con

s id e r a t io n  o f th e  in te rg ro u p  te s t in g  sequences shows, however, th a t  

Group I I  a ls o  fa c ed  a r e - le a rn in g  ta s k  when given t h e i r  mono-L t e s t s  

fo llo w in g  p o ly  no-L te s t in g *  Thus; bo th  Group I I I  and Group I I  had 

th e  same■re - le a rn in g  co n d itio n s  imposed upon them when t e s t e d  w ith 

mono-L cue ta b s ,  y e t  Group I I  sco red  on ly  4 e r ro rs  a g a in s t  Group 

I l l ’s 10,

These r e s u l t s  a re  s u f f i c i e n t ly  c o n tra d ic to ry  t h a t  no c le a n -c u t 

co n c lu s io n  may be drawn as to  th e  p resen ce  or la c k  of p r a c t ic e  

e f f e c t ,  o r , as to  what may have caused th e  marked d if f e r e n c e s  in  

e r ro r  t o t a l s  reco rd ed  by th e  re s p e c tiv e  groups* F u r th e r  te s t in g  

w ith  perhaps s e v e ra l  hundred su b je c ts  invo lved  may be re q u ire d  b e fo re  

.d e f in i t iv e  conclusions could be v a lid a ted *

Looking ahead to  f u r th e r  t e s t in g  and a n a ly s is  of h e s i t a t io n  de 

lay s  in  c o n tro ls  and in d ic a to r  s e le c t io n ,  i t  i s  th e  o p in io n  of th i s
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in v e s t ig a to r  th a t  only  g ross d e v ia tio n s  can be s a t i s f a c t o r i l y  no ted  

by th e  p r im itiv e  method o f naked eye o b se rv a tio n . With hand t r a v e l  

consuming e lap sed  tim e spans as sm all as 0 ,2  seconds, + 0*1, th e re  i s  

f a r  to o  sh o r t  a p e rio d  in  which th e  human eye can fu n c t io n  e f f i c i e n t 

ly  as a reco rd in g  in s tru m e n t. The p ro p e r in strum en t t o  employ here  

i s  th e  h ig h -sp eed  m otion p ic tu re  camera or the  t e l e v i s io n  camera u sing  

e le c tro n ic  ta p e  re c o rd in g , th e se  equipm ents p e rm ittin g  p ro je c t io n  and 

a n a ly s is  of recorded  hand t r a v e l  a c tio n  a t  im p o rtan tly  slow er sp eed . 

S ince h e s i ta t io n s  have now become alm ost as c r i t i c a l  fo r  

e f f i c i e n t  o p e ra tio n  o f c e r ta in  ty p es  of c o n tro l  pan els  as have ou t

r ig h t  e r r o r s ,  c a r e f u l  s tu d ie s  o f  h e s i t a t io n s  a re  very  much in  o rd e r , 

w ith  expensive re c o rd in g  equipment no t m erely  j u s t i f i e d  b u t a c tu a lly  

e s s e n t i a l  to  so lv in g  the q u estio n s  of how h e s i t a t io n  o r ig in a te s .  

Knowledge o f h e s i ta t io n s  causes a re  re q u ire d , of c o u rse , n o t only  by 

c o n tro l  p a n e l d e s ig n e rs  bu t a lso  by d e s ig n e rs  o f t r a in in g  program s.

At p re se n t i t  would seem t h a t  to o  few fundam entals o f  le a rn in g  

l im i ta t io n s  on the p e rc e p tu a l and. v is u a l  l e v e l s , on scann ing  speed 

th re sh o ld s  and on a c u i ty  of co lo r p e rc ep tio n .h a v e  been made a v a i l 

ab le  to  t r a in in g  commands, and ed u ca to rs  in  g e n e ra l. Why th i s  i s  so 

may very  w e ll c o n s t i tu te  the  s u b je c t  o f a s e p a ra te  and ex ten s iv e  

in v e s t ig a tio n *  In  th e  fo llo w in g  s e c t io n  of th i s  p a p e r , some ad d i

t i o n a l  comment i s  o ffe re d  reg a rd in g  th e se  in te r r e la t e d  fa c to r s  o f 

p e rc e p tio n , le a rn in g , and o p e ra tio n a l e ff ic ie n c y *

Viewing the  h e s i t a t io n  re c o rd  of Table 13 a t  th e  t o t a l s  l e v e l ,  

i t  may be no ted  t h a t  h e s i t a t io n s  were most numerous fo r  the
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monochromatic cue ta b s s w ith  s ig n i f i c a n t ly  le s s  h e s i ta t io n s  appearing  

when po lychrom atic  cue tab s  were employed*- P ra c t ic e  e f f e c t ,  w hile 

u n c le a r  fo r  mons-L t e s t s ,  i s  r a th e r  p o s i t iv e  fo r  po lychrom atic  t e s t s .

As su b je c ts  p ro g ressed  from th e i r  f i r s t  t e s t in g  w ith  polychrom atic  

cue tab s  to  t h e i r  second po lychrom atic  t e s t i n g ,  t h e i r  ETs in v a r ia b ly  

im proved.

In d ic a tio n s  of the t e s t in g  p ro g ress  reco rd ed  p o in ts  to  th e  

l ik e l ih o o d  th a t  w ith  a d d i t io n a l  po lychrom atic  cue ta b  t r a in in g ,  

s u b je c ts  would con tinue  to  reduce th e  number of h e s i t a t io n s ,  

w idening f u r th e r  the  s ig n i f ic a n t  gap between h e s i t a t io n s  committed 

du rin g  monochromatic t r i a l s  and th o se  committed du rin g  polychrom atic  

t r ia ls ®

In  summary, the  fo llo w in g  co n c lu sio n s  may be drawn:

I .  Polychrom atic  cue tab s  reduced  the number of e r ro rs  by an 

e x t r a o r d in a r i ly  h igh  d eg ree , averag ing  286% improvement over mono

chrom atic cue tabs®

2 0 Polychrom atic  cue tab s  reduced th e  number of h e s i ta t io n s  by 

a very  s ig n i f ic a n t  d eg ree , av erag ing  27*8% improvement over monochro

m atic  cue tabs®

3® I f  c o lo r  co n fu sio n , th e  cause o f 85.7% of th e  c o lo r  

s e le c t io n  e r r o r s ,  were reduced  or e lim in a te d , i t  i s  q u i te  l ik e ly  th a t  

improvement of s e le c t io n  accuracy  due to  c o lo r  coding c o n tro ls  would 

r i s e  from  th e  286% found in  th is  i n v e s t i g a t i o n ,to  perhaps 400% o r

b e t t e r
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G, COMMENT. OM THE STATISTICAL METHOD

At f i r s t  g lan ce , th e  ex p erim en ta l desig n  o f t h i s  in v e s t ig a t io n  

would seem to. lend  i t s e l f  to  p a ram etric  s t a t i s t i c s , w ith  c la s s ic  

a n a ly s is  o f v a ria n ce  methodology n e a t ly  a p p lic a b le  to  th e  study  of 

o rd er e f f e c t  and in te ra c t io n s *  .

There a re  th r e e  cue ty p e s , th re e  g roups, and th re e  o rders o f 

te s t in g *  The balanced  number of d a ta  reco rded  seems ready-made fo r  

b locks of c e l l s  in to  which d e riv ed  r e s u l t s  could  be dropped, p ro 

ducing th e  kind of m athem atical s e t t in g  th a t  would perm it f u l l  s c a le  

use of form ulae and n ic e ly  re f in e d  c a lc u la t io n s  0

However, l i t t l e  more th a n  a c a su a l g lance a t  th e  a c tu a l  sco res  

and a t  th e  mean RTs reco rd ed  fo r  each s u b je c t  w i l l  r e v e a l  th a t  th e  

d a ta  do n o t d is p la y  evidence of norm al d is t r ib u t io n *  R a th e r, th e  

r e s u l t s  a re  s e v e re ly  skewed and th e re fo re  u n su ite d  to  s t a t i s t i c a l  

a n a ly s is  by p a ra m e tr ic  techn iques*

For example, Table 11 re v e a ls  t h a t  the  mean RTs scored  fo r 

mono-L cue tab s  a re  d i s t r ib u te d  over a ran g e  of 465 m secs*, (P i lo t  

M e,), to  860 m sec s ,, (RO K ,) ,  a d if f e r e n c e  amounting to  84*90*

A gain, d i s t r ib u t io n  of th e  mean RTs fo r  th e  p o ly -L  c o n f ig u ra tio n  

so a rs  from  113 m secs*, (P i lo t  Me,) to  538 msecs*, (RO N *), a 

d if f e re n c e  of 4760*

A lso , th e  mean RTs fo r  po ly  me-]L v ary  from 217 m secs ,, (RO M*), 

to  313 m secs*, (RO Ke) ,  a d if f e re n c e  o f 69,30*

A review  of Table 12, Mean RT fo r  Hand T ra v e l, A l l  S u b je c ts ,
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pro v id es  ev idence of an o th e r s e r io u s ly  skewed d is t r ib u t io n s  mean hand 

t r a v e l  speed ranged from  11 m secs0, (P i lo t  Mc0) ,  to  90 msecs*,

(E© Ke,)o

In  view of th e se  s e v e ra l  ev idences of skew ness, i t  was f e l t  

unwise to  a ttem pt m an ipu la tion  of th e  d a ta  in to  form  which would 

p erm it p a ram etric  hand ling  o f the  s t a t i s t i c a l  a n a ly s i s «

Thus, s t a t i s t i c a l  c a lc u la t io n s  re q u ir in g  norm al d i s t r ib u t io n  

were ren d ered  in a p p lic ab le o  In s te a d , th e  d a ta  were s tu d ie d  on th e  

b a s is  o f nonparam etrie  s t a t i s t i c s ,  w ith  each s u b je c t 's  perform ance 

measured a g a in s t  h is  own record*  This tech n iq u e  p rov ided  p e rcen t o f  

improvement f a c to r s  and allow ed com parisons of the  p e rc e n ta g e s , both 

on th e  in d iv id u a l  le v e l  and on th e  group le v e l*

S ince  each s u b je c t  was competing a g a in s t  h is  own scores 

r a th e r  than  a g a in s t  th e  sco res  of h is  squadron m ates, and s in ce  each 

man was te s te d  s in g ly ,  in te r a c t io n  e f f e c t s  e x is te d  only  in  the  m a tte r  

of p r a c t ic e  o r t r a in in g ,  n o t between s u b je c ts  b u t f o r  each S* 

in d iv id u a l ly „ (The a n a ly s is  of th e se  e f fe c ts , as p re se n te d  in  the  

p rev io u s  s e c t io n  o f  t h i s  paper w i l l  no t be review ed h e re  *)

SIGNIFICANCE OF SUPPORT FOE THE HYPOTHESES

To r e c a p i tu l a te ,  the  two hypotheses te s te d  were as follow s* 

Given a c o n tro l  p a n e l problem , i t  i s  p o s tu la te d  t h a t :

1* Speed and accu racy  of c o n tro ls  s e le c t io n  w i l l  be 

s ig n i f i c a n t ly  improved i f  po lychrom atic  r a th e r  th an  monochromatic 

c o lo r  coding of la b e ls  i s  employed*



2$ Speed and accttraoy of c o n tro ls  s e le e t io n  w i l l  be s i g n i f i -
' '  . • ' '  . -

c a n tly  improved i f  po lychrom atic  c o lo r  coding on ly , w ith o u t l a b e l s , 

i s  enployed to  id e n t i f y  c o n t r o ls »

As Table 1 shows, th e  mean improvement in  speed of c o n tro ls  

s e le c t io n  when po lychrom atic  c o lo r  coding o f la b e ls  was employed 

amounted to  57,17 p e rc e n t .

W ith po ly -L  r e s u l t s  showing 54,66% improvement, and p o ly  no-L 

r e s u l t s  re a d in g  59,68% improvement, th e re  seems to  be n o th in g  but 

h ig h ly  s ig n i f i c a n t  su p p o rt f o r  both  hypotheses as to  sp eed .

Aw Table 13 shows, use of po lychrom atic  c o lo r coding of la b e ls  

reduced  the  e r ro rs  by 286 p e rc e n t ,  a f ig u re  s e v e ra l  tim es more 

p o s i t iv e  th an  re q u ire d  o f ex p erim en ta l r e s u l t s  to  q u a l i fy  as 

s ig n i f i c a n t .  C olor coding a lso  s ig n i f i c a n t ly  reduced  h e s i ta t io n s  by 

27,3 p e rc e n t .

In  summary, th e r e f o r e ,  i t  can be s ta t e d  w ith o u t q u a l i f i c a t io n  

th a t  both  hypotheses were supported  f o r  speed and accu racy  to  a very 

s ig n i f ic a n t  degree by the  ex p erim en ta l r e s u l t s .



V. CONCLUSIONS

A. IMPLICATIONS IF RESULTS AKB VALID

I f  th e  r e s u l t s  dem onstrated  by t h i s  in v e s t ig a t io n  a re  v a l id ,  

and i f  th ey  prove to  be confirm ed by f u r th e r  ex p erim en ta l t e s t in g ,  

th en  s e v e ra l  a reas  o f human f a c to r s  en g in eerin g  w i l l  f in d  need of 

th e  advantages dem onstrated  by use of. c o lo r  coding c o n tro ls  and 

in d ic a to r s e

Whenever speed and accuracy  of c o n tro ls  s e le c t io n  i s  of v i t a l  

im portance, coding o f c o n tro ls  w ith  co lo r w i l l  become a m a tte r  o f 

f i r s t  c o n s id e ra tio n  fo r. the  c o n tro l  p a n e l d e s ig n e r . As soon as i t  

i s  determ ined  th a t  th e  p a n e l can be o p era ted  under s te a d y - s ta te  con

t r o l l e d  i l lu m in a t io n ,  th e  q u e s tio n  w i l l  n o t be , i s  c o lo r  coding 

a d v is a b le , b u t , how can c o lo r coding p r in c ip le s  be used  most 

e ffec tiv e ly ®

With p re s e n t evidence dem onstrating  c o n tro ls  s e le c t io n  speed to  

be b e t t e r  th an  tw ice as f a s t  when coding i s  po lychrom atic  r a th e r  

th an  m onochrom atic, and w ith  s e le c t io n  e r ro r s  reduced by more than  

250 p e rc e n t due to  co lo r cod ing , c o n tro l  panels  a re  c e r t a in  to  p ro 

v ide  g re a te r  e f f ic ie n c y  and g re a te r  s a f e ty  i f  th ey  have been g iven  

c o lo r  coded c o n tro ls  and in d ic a to rs^

In  a p p lic a tio n s  where th e  c o n tro l  panels have c r i t i c a l  fu n c tio n s  

to  perform , when, f o r  example, the s e le c t io n  of a wrong c o n tro l

69



70

through' o p e ra to r e r r o r  can cause s e r io u s  damage to  equipm ent, 

b u ild in g s , or p e rso n n e l, th e  s p e c i f ic  advantages of co lo r coding w i l l  

become a f i r s t  concern of th e  p a n e l designers*

C e r ta in  branches o f th e  chem icals and pe tro leum  in d u s tr ie s  have 

a lre a d y  made use o f c o lo r coding c o n tro ls  and in d ic a to r s ,  of course* 

Many p ro cess  en g in eerin g  d e sig n e rs  have employed co lo r coding not 

only fo r  c o n tro l p an e ls  bu t f o r  id e n t i f i c a t i o n  of p ip e s ,  tu b e s , and 

re c e p ta c le s ,  as w e ll  as f o r  p ro cess  componentss The p ro d u c tio n  of 

ex p lo siv e  l iq u id s ,  g a se s , and o f s o l id  ex p lo siv es  has c a l le d  fo r  u t 

most use of a l l  s a f e ty  methods conceivab le*  Among th e s e ,  c o lo r  coding 

has become a prim ary  s a f e ty  d ev ice«,

W ithout making a s p e c ia l  s tudy  o f th e  o r ig in s  and b a sic  

p r in c ip le s  of c o lo r  coding employed by p ro cess  e n g in ee rin g , however, 

i t  can be on ly  c o n jec tu re  as to  how much th e  co lo r coding  customs 

now fo llo w ed  in  t h a t  en g in eerin g  f i e l d  have been founded on the 

fundam ental d a ta  of psychophysics and of c o lo r  p e rc e p tio n  and how 

much founded on c o lo r  p ra c t ic e  which had no reaso n  f o r  i t s  design  

o th e r th an  t r a d i t i o n  or h ab it*  In  some p ro cess  p la n ts  s tu d ie d  by 

th i s  in v e s t ig a to r ,  f o r  in s ta n c e , th e  c o lo r coding seemed to  have been 

determ ined  by l i t t l e  more than  a sim ple need to  re n d e r one chem ical 

l in e  or c o n tro l  d is t in g u is h a b le  from  ano ther*  There had been b u i l t  

up w ith in  a s in g le  In d u s try  a r a th e r  e la b o ra te  c o lo r  coding system  

which th e  p e rso n n e l of th a t  in d u s try  came to  know and reco g n ize , b u t . 

th e re  were a r b i t r a r y  uses made of g reen  and yellow , f o r  example, 

w h ich "v io la ted  th e  co lor-w ord  a s s o c ia t io n  f in d in g s  n o ted
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p re v io u s ly  (14)» Such p ra c t ic e s  could  have n eg a tiv e  e f f e c t s ,  on 

occasion  d e fe a tin g  th e  v e ry  s a f e ty  co n d itio n s  they  were s e t  up to  

p ro tect®

Viewing th e  s e v e r a l  m ajor f i e ld s  in  which v i s u a l  d isp la y s  of 

c o n tro ls  and in d ic a to r s  a re  f u n c t io n a l ,  e s s e n t i a l  com ponents, i t  i s  

e a s i ly  dem onstrated  th a t  co lo r coding i s  as y e t la r g e ly  no t 

p racticed®  Yet whenever and w herever c o n tr o l  panels  a re  re q u ire d , 

c o lo r  coding i s  due to  become a m ajor d esig n  c o n s id e ra tio n  from the 

outset® lik e w is e , in d ic a to r  d isp la y s  which a re  to  fu n c t io n  w ith  

maximal e f f ic ie n c y ,  p ro v id in g  o p e ra to rs  w ith  th e  most r e a d i ly  

reco g n ized  and in te r p r e te d  k ind  of coding , a re  c e r ta in  to  r e q u ire  

c o lo r coding® Such a re  th e  g e n e ra l im p lic a tio n s  o f r e s u l t s  found 

dominant in  th e  ex p erim en ta l t e s t in g  re p o r te d  herein®

S p e c if ic  a p p lic a t io n s  of co lo r coding a re  in d ic a te d  f o r  

v i r t u a l l y  a l l  k inds o f v e h ic le s , w hether th ey  c a r ry  p e rso n n e l and 

cargo v ia  a i r ,  w a te r , la n d , or com binations thereof®  A ir c r a f t ,  

m is s i le s ,  s a t e l l i t e s  and space v e h ic le s ,  in c lu d in g  th e  now e la b o ra te  

ground su p p o rt equipment n ecessa ry  f o r  t h e i r  c o n tro l ,  a l l  have speed 

and accuracy  requ irem en ts  among t h e i r  s e v e ra l  k inds o f c o n tro l  and 

in d ic a to r  panels® Perhaps th e  m a jo rity  of th ese  have need of co lo r 

cod ing , f o r  th e  m a jo rity  o f p an e ls  used  by the v e h ic le s  in  our a i r 

borne and s p a c e - tra v e r s in g  c a te g o r ie s  demand s p l i t - s e c o n d  d ec is io n s  

of th e  crews who o p e ra te  them®

Although th e  tre n d  i s  tow ard in c re a s in g  use of au tom atic  c o n t r o l s ,  

w ith  e le c tro n ic  computers and servomechanisms now perform ing guidance



and n a v ig a t io n a l  computing fo rm erly  su p p lie d  by the  human b ra in ,  

d e sig n e rs  of th e  hyperson ic  a i r c r a f t ,  and of manned m is s i l e s ,
" ' ts a t e l l i t e s  and space v e h ic le s , s t i l l  f in d  need f o r  th e  m onitoring  

and d e c is io n  making c a p a b i l i t i e s  o f th e  l iv e  p i l o t  and h is  fe llo w  

crewman. As long  as man i s  to  be p la ce d  in  c o n tro l  of a v e h ic le  

ju s t  so long w i l l  the  need rem ain to  p ro v id e  him w ith  th e  most 

s u p e r io r  type o f c o n tro ls  and in d ic a to r  cod ing ,

W a te rc ra f t, l ik e  a i r c r a f t ,  a l s o  have need f o r  c le a r ly  coded 

c o n tro ls  and in d ic a to r s , and, as th e  c r a f t  becomes la r g e r ,  ranging 

from b oat to  s h ip ,  sm a ll sh ip  to  la rg e  sh ip  to  a i r c r a f t  c a r r i e r  and 

supercargo  s h ip ,  th e  c o n tro l  problem s m u ltip ly  in  bo th  number and 

com plex ity . For th e  v e s s e ls  which q u a l i fy  as  s h ip s , .w ith seven seas 

n a v ig a t io n a l  requ irem en ts  to  be met, under a llw e a th e r  .c o n d itio n s , 

c o n tro ls  may become extended from  a few p an e ls  in  number to  racks of 

p a n e ls . Aboard th e  l a r g e r  n a v a l v e s se ls  and p assenger l i n e r s , when 

th e  c o n tro l  room becomes a c o n t r o l  c e n te r  w ith  s e v e r a l  o p e ra to rs  

manning s e v e ra l  c o n tro l  s t a t i o n s , th e  coding problems a re  e x te n s iv e . 

With such c o n tro l  c e n te rs  ty p ic a l ly  p la ce d  am idships to  a f fo rd  the  

g r e a te s t  p o s s ib le  p ro te c t io n  f o r  th e  sh ip  i f  under a t t a c k ,  th e re  is  

no problem  w hatsoever as to  c o n tro l le d  i l lu m in a t io n , Thus, co lo r 

coding can be employed w ithou t l i m i t ,  th e  f u l l y  enclo sed  c o n tro l 

c e n te r  being under a s te a d y - s ta te  i l lu m in a tio n  the s p e c t r a l  composi- 

t io n  o f which can be sp ec if ie d , to  s u i t  th e  needs of th e  c o lo r  coding 

tech n iq u es  employed.
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Were a comprehensxve l i s t  p rep a red  o f c o n tro l  p a n e l f i e ld s  

w herein  c o lo r coding i s  in d ic a te d , perhaps s e v e ra l  thousand words 

would be re q u ire d  b e fo re  th e  l i s t i n g s  were all-em bra% ive« While i t  

i s  o u ts id e  th e  purpose of t h i s  pap er to  a ttem p t any such l i s t ,  th e re  

i s  reaso n , a t  l e a s t ,  to  n o te  th a t  th e  l i s t  would be la rg e  r a th e r  th an  

sm a ll, i t s  s iz e  being one measure o f the  im portance which must be 

g iven  th e  m a tte r  o f c o n tro ls  and in d ic a to r  co lo r coding

Bo OTHER ASMS OF RESEARCH AFFECTING COLOR CODING-

At l e a s t  seven o th e r a re as  of p sy ch o lo g ica l re s e a rc h  d i r e c t ly  

a f f e c t  th e  f i e l d  o f c o lo r cod ing , and no doubt more th a n  seven could 

be named were a s e p a ra te  s tu d y  o f th e  wide scope of v i s u a l  and 

p e rc e p tu a l problems invo lved  undertaken® At th is  e a r ly  s ta g e  in  th e  

re s e a rc h  of human f a c to r s  governing o p tim al use o f  c o lo r  coding , an 

in v e s t ig a to r  cannot b u t f e e l  th e  enorm ity  of th i s  f i e l d  whose un

so lv ed  problem s a re  s t i l l  so numerous he h e s i t a te s  to  presume a 

c a p a b i l i ty  fo r  en v is io n in g  them a l l s

The fo llo w in g  seven  r e la te d  re s e a rc h  a re a s  a re  d iscu ssed  h e re 

w ith  n o t because th e y  a re  n e c e s s a r i ly  th e  seven most im portan t to  

th e  c o lo r coding f i e l d ,  bu t because they  happen to  have had re p o r ts  

p u b lish ed  in  the  l i te ra tu re ®  This i s  no t at. a l l  meant to  im ply, on 

th e  o th e r hand, th a t  th e se  r e p o r ts  d e a l w ith  f a c to r s  unim portant to  

c o lo r  coding® B a th e r , the  comment i s  in ten d ed  to  make th e  read e r 

aware th a t  to  d a te  th e re  has no t been e s ta b lis h e d  a f u l l y  compre

hensive  re s e a rc h  prograrii fo r  th e  s tu d y  o f co lo r cod ing , and u n t i l
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such a lon g -ran g e  program  i s  c a r r ie d  o u t, no s in g le  in v e s t ig a to r  can 

assume th a t  th e  s c a t te r e d  s tu d ie s  o f th e  f i e l d  com pleted thus f a r  

re p re s e n t  a ba lanced  and tho rough ly  v a l id a te d  body o f exp erim en ta l 

d a ta  upon which m ajor a p p lic a tio n s  o f c o lo r  coding can be founded*

1* U nidim ensional v s . M u ltid im ensional A bsolu te  Judgments

For exam ple, w hile  the  l i t e r a t u r e  re p o r ts  s e v e r a l  s tu d ie s  o f th e  

number of a b s o lu te ly  id e n t i f i a b le  c o lo rs ,  s u c h ,a s  th e  s tu d y  by 

H alsey  and Chapanis in  1951 (23) and th e  s tu d y  by Conover and K ra ft 

in  1958 (1 5 ) , i t  may be no ted  th a t  only  un id im en sio n al a b so lu te  

judgments were te s te d *  M u ltid im en sio n a l a b so lu te  judgments g e n e ra lly  

rem ain , even to d ay , la r g e ly  u n te s te d  and hence unknown as to  th e  

l im i ts  which human p e rc e p tio n  w i l l  p la c e  upon them* C le a rly  th i s  i s  

a m a tte r  of d i r e c t  concern to  c o lo r  co d in g , and to  th e  d e sig n e rs  o f 

v is u a l  d isp la y s  who ty p ic a l ly  beg in  t h e i r  coding w ith  la b e ls  composed

of d ig i t s  o r l e t t e r s  or com binations th e re o f  and who now-, w ith  co lo r
■ v .

coding becoming an added f e a tu re  f o r  d i s t in g u i s h a b i l i ty ,  a re  a c tu a l ly  

a t  th i s  very  moment d e a lin g  w ith  m u ltid im en sio n a l r a th e r  than  

u n id im en sio n a l coding systems*

Perhaps one of th e  most p ro v o c a tiv e  re p o r ts  p u b lish ed  in  r e c e n t
' . -

y ea rs  touch ing  on th i s  a rea  was th e  pap er by Ge A« M i l l e r , . t6The 

M agical Number Seven, P lus or Minus Two5 some l im i t s  on our c ap a c ity  

f o r  p ro cess in g  in fo rm a tio n ,*  p u b lish ed  in  1956 (34)® A fte r  t r a c in g  

th e  s tu d ie s  of both  un id im en sio n al and o f m u ltid im en sio n a l ab so lu te  

judgments he n o te s ;  " I t  seems by adding  more d im ensions, and
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r e q u ir in g  c ru d e 9 b in a ry , yes-no  judgments on each a t t r i b u t e  we can 

extend  the span o f a b so lu te  judgment from  7 to  a t  l e a s t  150

This p o s i t io n  is  q u ite  d i f f e r e n t  from th a t  of C hapanis, Garner 

and Morgan in  1949 who p o s tu la te d  t h a t  n10 to  12 c o lo rs  would b e -to o  

many fo r  most o p e ra to rs  to  keep in  mind and use e f f e c t iv e ly "  (1 2 )0 

Two y ea rs  l a t e r  Chapanis and H alsey seemed to  have confirm ed th a t  

p o s tu la te  w ith  a s tu d y  "On th e  Number of A b so lu te ly  I d e n t i f i a b le  

S p e c tra l  Hues" (2 3 )e

T e c h n ic a lly , th e re  can be no com plaint to  th e  e f f e c t  th a t  

H alsey and Chapanis were t e s t in g  any bu t un id im en sio n a l ab so lu te  

judgm ents. But th e  a p p l ic a t io n  of t h e i r  re s e a rc h , c le a r ly  r e 

f le c te d  in  th e  government human en g in ee rin g  p u b lic a tio n s  review ed 

in  the  P re lim in a ry  D iscu ssio n  s e c t io n  of th i s  p ap er, has assumed 

th a t  c o lo r  coding must be designed  as i f  i t  were un id im en sio n a l a t  

a l l  tim e s . Y et, th e  moment a la b e l  i s  added to  a c o lo r  cue th e re  i s  

no lo n g e r a s in g le ,  un id im en sio n a l f a c to r  fo r  d i s t in g u i s h a b i l i ty .  

C on tro ls and in d ic a to r s  id e n t i f i e d  by polychrom atic  la b e ls  a re  

p o ssessed  of m u ltid im en sio n a l cu es , no t un id im en sio n al cu es . Thus, 

th e  l im i ta t io n s  o f u n id im ensional a b so lu te  judgments no lo n g e r a p p ly a 

In s te a d , th e  laws of m u ltid im en sio n a l a b so lu te  judgments become th e  

p ro p e r laws to  apply*

At th i s  w rit in g  i t  i s  d o u b tfu l i f  th e  human f a c to r s  eng ineer 

can g a th e r to g e th e r  enough v a lid a te d  ex p erim en ta l d a ta  to  su p p o rt a 

f u l l  s e t  o f laws f o r  m u ltid im en sio n a l c o n tro ls  and in d ic a to r



id e n t i fy in g  cues® He has s tu d ie s  which e s ta b l i s h  tre n d s  and in d i

c a tio n s  o f th o se  la w s , bu t n o t enough fo llo w -u p , e x p e rim en ta lly  

v a l id a te d  co n c lu sio n s  upon which to  p roceed  w ith  au tho rity®  M ille r  

review s (34) two s tu d ie s  by E r ik se n , "A bsolute Judgments as a 

F u n ction  of S tim ulus Zange and Number o f S tim ulus and Response 

C ateg o ries"^  1955, and "M ultid im ensiona l S tim ulus D iffe re n c e s  and 

Accuracy of D isc r im in a tio n " , 1955, noting?:

E rik sen  found th a t  when s i z e ,  b r ig h tn e s s  and hue were a l l  
v a r ie d  to g e th e r  in  p e r f e c t  c o r r e la t io n ,  th e  t ra n s m itte d  in 
fo rm atio n  i s  4*1 b i t s  as compared w ith  an average o f about 
2*7 b i t s  when th o se  v a r ia b le s  were v a r ie d  one a t  a time® By 
compounding th re e  a t t r i b u t e s ,  E r ik se n  in c reased  th e  dim ension
a l i t y  o f th e  in p u t w ith o u t in c re a s in g  th e  amount o f  in p u t in 
formation® The r e s u l t  was a marked in c re a se  in  th e  channel 
c a p a c ity  f o r  d isc r im in a tio n *

In  a f u r th e r  p e n e tr a t io n  of th e  d is c r im in a tio n  problem s of 

coding d is p la y s ,  M ille r  p o in ts  to  th e  s ig n i f ic a n t  p a r t  p lay ed  by 

th e  memory* (Use of th e  te rm  " b i t"  d e r iv e s  from h is  l ik e n in g  

th e  human o b serv er to  a communication system  w ith  c e r t a in  channel 

c a p a c it ie s  comparable to  th o se  o f th e  e le c tro n ic  c irc u it®  The 

" b i t "  i s  co n sid e red  " th e  amount of in fo rm atio n  we need to  make a 

d e c is io n  between two e q u a lly  l i k e ly  a l te r n a t iv e s " * )  He s t a t e s :

The span of immediate memory and th e  span o f a b so lu te  
judgment a re  q u i te  d i f f e r e n t  k inds of l im ita t io n s  t h a t  a re  • 
imposed upon our a b i l i t y  to  p ro cess  inform ation® A bsolute 
judgment i s  l im ite d  by the  amount of in fo rm a tio n . Immediate 
memory i s  l im ite d  by th e  number o f item s*

In  o rd e r to  cap tu re  th is  d i s t i n c t io n  in  somewhat p ic tu r 
esque term s 1 have f a l l e n  in to  th e  custom of d is t in g u is h in g



between b i t s  o f in fo rm a tio n  and chunks of in fo rm a tio n . Then I  
can say  th a t  th e  number of b i t s  of in fo rm atio n  i s  c o n s ta n t f o r  
a b so lu te  judgm ent, and th e  number of chunks of in fo rm a tio n  fo r  
immediate memory i s  c o n s ta n t0 The span  o f immediate memory 
seems, to  be alm ost independent of th e  number o f b i t s  p e r  chunk, 
a t  l e a s t  over th e  range th a t  has been examined to  date*

For th e  above to  have f u l l  meaning, i t  i s  n e c e ssa ry  to  n o te  

t h a t  th e  fo rm atio n  of a i!chunk” of in fo rm a tio n  invo lves a recod ing  

p ro c e s s , w ith  " b i t s "  of in fo rm atio n  f i r s t  coded, th e n  renamed and 

memorized a s  a s in g le  **chunk*V This p e rm its  s to r in g  i n  th e  memory 

s in g le  u n i ts  of in fo rm a tio n  so  coded as to  in c lu d e  q u i te  la rg e  num

bers of in d iv id u a l  d e t a i l s ,  o b v ia tin g  th e  need to  memorize th e  

o r ig in a l  in p u ts  s e p a ra te ly *  Receding th u s  c o n s t i tu te s  an extreme* 

ly  pow erfu l weapon f o r  in c re a s in g  th e  amount o f in fo rm a tio n  th a t  we 

can d e a l w ith* In  one form  or a n o th e r , we use reco d in g  c o n s ta n t

ly  in  our d a i ly  behavior*

While M ille r  would seem to  d e p re c a te , p e rh ap s, h is  t r e a t in g  

th e  s u b je c t  in  e le c t ro n ic  and computer te rm ino logy  when he term s i t  

^ p ic tu re sq u e " , th e  ap tn ess  of th a t  term inology, i s  perhaps more des

c r ip t iv e  th an  most* P h y s io lo g ic a l psychology seems more c e r ta in  th an  

ever b e fo re  th a t  m ental a c t i v i t y  i s  e s s e n t i a l ly  an i n t r i c a t e  e le c tro n 

ic  p ro cess  in v o lv in g  th e  p r in c ip le s  of feed -b ack  and go no-go im pulses 

common to  th e  modern-day e le c tro n ic  “b ra in 61* I t  i s  th e re fo re  a h ig h 

ly  p ro v o ca tiv e  and p e n e tr a t in g  approach to  p u rsu e , b u t ,  as M ille r  

p o in ts  o u t ,  th e re  i s  y e t  a  good d e a l more to  be d isco v e red  about 

reco d in g  and memory* The f a c to r s  d e a l t  w ith  by M ille r  in  th e



p reced ing  parag raphs a re  th e  same f a c to r s  which were a t  work condi

t io n in g  th e  e r ro r s  and h e s i t a t io n s  of the  a irc re w  s u b je c ts  te s t e d  f o r  

th e  c o n tro ls  coding tech n iq u es  re p o r te d  h e re «, Ten y ears  h en ce , when 

th e  p ro fe s s io n  has come to  understand  much more about m u ltid im ensiona l 

a b so lu te  judgm ents, i t  i s  l i k e ly  th a t  th e  comment o ffe re d  now in  

e x p lan a tio n  of th e  c o n tro ls  s e le c t io n  e r ro r s  and h e s i ta t io n s  p e r?  

formance w i l l  seem ru d im en ta ry , perhaps even p rim itiv e ,,

2„ P h o to recep to r S e n s i t iv i ty

Although re c e n t  s tu d ie s  of th e  psychophysics o f co lo r p e r

c ep tio n  have g e n e ra lly  supported  th e  t r i s t im u lu s  p r in c ip le s  l a id  down 

by Grassman in  1853, s e v e ra l  in v e s t ig a to r s  have no ted  th a t  th e  

p h o to s e n s it iv e  re c e p to rs  o f th e  eye respond w ith  more th a n  t r i s t im u lu s  

a c t i v i t y .  The m icrophysio logy  of th e  r e t i n a  has now become an a re a  of 

s tu d y  in  which th e  p h o to recep to rs  a re  n o t n e a r ly  so w e ll understood as 

in  th e  days of Helm holtz and Grassman, One hundred y ears  ago, e a r ly  

in v e s t ig a to r s  in  th e  psychophysics of v is io n  were q u ite  p o s i t iv e  th a t  

th e  human r e t in a  was composed of on ly  th re e  m ajor groups o f r e c e p to r s ,  

one group s e n s i t iv e  to  b lu e , one to  g reen , and one to  o ran g e -red . But 

by 1950, when Morgan and S t e l l a r  brought out th e  second e d i t io n  of 

t h e i r  te x tb o o k , P h y s io lo g ic a l P sychology, th e re  was a s u f f i c i e n t ly  

la rg e  amount o f re s e a rc h  d a ta  as to  confuse th e  is su e  and cause them 

to  w rite s

I t  i s  h a rd  to  say  ju s t  how many d i f f e r e n t  re c e p to rs  might 
fu n c tio n  in  s ig n i f i c a n t ly  d i f f e r e n t  ways in  c o lo r  v i s i o n , , , ,L e t  
us s a y , th e n , th a t  th e re  a re  a t  l e a s t  fo u r  d i s t i n c t  k inds of
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re c e p to rs  $ th e  b lue o f 440 to  460 mu, th e  g reen  o f 520 to  540 
mu, th e  yellow  of 580 am? and th e  re d  of 600 mu* Perhaps fu tu re  
re s e a rc h  w i l l  g ive  us grounds fo r  f u r th e r  su b d iv id in g  th e se  
g roups, b u t f o r  th e  p re s e n t ,  th e se  fo u r  appear to  be the 'b e s t  
b e t s '0

F ive  years  l a t e r ,  some of th e  expected  fu tu re  re s e a rc h  was 

under way and new in fo rm a tio n  became a v a ila b le *  One of th e  most pro-* 

v o ca tiv e  r e p o r ts  came from Maci-dam (32) of th e  R esearch L ab o ra to rie s  

o f Eastman Kodak, A f te r  an extended s e r ie s  of experim ents w ith  chro

m atic  a d a p ta tio n , he o ffe re d  t h i s  co n c lu s io n ; "A pparen tly , th e  v is u a l 

nervous system  p ro v id es  only th re e  channels to  th e  p e rc e p tu a l c en te rs  

capable o f h an d lin g  on ly  th re e  independent responses f o r  co lo r p e r

ception* But each of th e se  responses appears to  be s t im u la te d  by a com

b in a tio n  o f two or more d i f f e r e n t  p h o to s e n s it iv e  p ro cesses  in  th e  ey e"* 

Again in  1956, a s tu d y  conducted by Boynton (10) on th e  

s e n s i t i v i t y  fu n c tio n s  o f human c o lo r  v is io n  p rov ided  exp erim en ta l 

r e s u l t s  in d ic a t in g  su p p o rt f o r  a 4-component th eo ry  o f c o lo r  v is io n *  

While rec o g n iz in g  th e  very sev e re  re se a rc h  problem  posed by 

th e  m icroscopic  p h o to re c e p to rs , w ith  some 125 m ill io n  rods and 6*8 

m ill io n  cones p e r  human r e t i n a ,  p re s e n t knowledge has grown co n sid - 

e ra b ly  beyond the  scope env isioned  b y ?Grassman and H elm holtz , The 

r e l a t i v e l y  re c e n t  te ch n iq u es  of p e rim e try  and s tu d ie s  o f th e  r e t i n a l  

c o lo r  zones have bo th  in c re a se d  our comprehension of c o lo r 

v is io n  and com plicated  our co lo r th e o r ie s  as we add to  t h e  reco rd  

tem poral p a t te rn in g  and su b je c tiv e  hue re sp o n se s . The t r i r e e e p to r  

law "does n o t ad eq u a te ly  p re d ic t  co rrespond ing  c o lo rs  f o r  d i f f e r e n t



chrom atic a d a p t a t i o n s T h e  d isc re p a n c ie s  between th e  p re d ic t io n s  of 

t h a t  law and the  observed co lo rs  seems to  be sy s te m a tic 5’ , p o in ts  out 

MacAdam (3 2 )0

W ithout c a rry in g  th is  commentary deeper in to  th e  p h o to recep to r 

q u e s tio n , i t  can be seen  th a t  th e re  a re  im portan t new fundam entals to  

be v a lid a ted - as to  th e  manner in  which c o lo r  p e rc e p tio n  tak es  p la c e , 

and th e se  fundam entals are  of immediate concern to  th e  d e s ig n e r  o f 

c o lo r coding*

3® Luminance o f  S q u a lly  B rig h t C olors

A m a tte r  o f  sim ple p r a c t i c a l i t y  devolves from th e  problem  of 

c o lo r choice when d es ig n in g  c o lo r codings how should  th e  ba lance  of 

appearance or e q u a l i ty  of co lo r a sp e c t be determ ined?

U n ti l  r e l a t i v e ly  re c e n t in v e s t ig a t io n s  were made known, i t  was 

assumed th a t  th e  CIE method of p lo t t in g  eq u a lly  b r ig h t  c o lo rs  w ith  a 

p o la r  coo rd ina te , system  which p e rm itte d  spacing  eq u a l hue d if fe re n c e s  

by equal an g les  and equal s a tu r a t io n  d if fe re n c e s  by e q u a l r a d i a l  

d is ta n c e s  would a llow  ready  s e le c t io n  o f balanced  colors®  I f  the  

c o lo rs  chosen were e q u a lly  spaced in  th e  CIE c h ro m a tic ity  diagram , 

th ey  were assumed to  have eq u a l s te p s  o f c o lo r d if f e re n c e s  on e i th e r  

s id e  and th e re fo re  were po ssessed  of maximal d is tin g u is L a b ili ty ®

In  1955, Chapanis and H alsey p u b lish ed  th e  r e s u l t s  of t h e i r  

s tu d y  (13) which in v e s t ig a te d  th e  f a c t  t h a t  e q u a lly  spaced co lo rs  of 

m athem atica lly  eq u a l luminance do n o t always appear to  have equal

80
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b r ig h tn e s s . They c i te d  work of MacAdam which dem onstrated  th a t  as 

c o lo r  m ix tu res in c re a se  in  s a tu r a t io n ,  le s s  luminance i s  re q u ire d  fo r  

th e  m ix tures to  appear e q u a lly  b r ig h t*

To t e s t  th i s  phenomenal f a c t  in  an  e f f o r t  to  determ ine i f  th e re  

were sy s te m a tic  d if f e re n c e s  between p e rc e iv e d  ba lance  and th e  GIE 

c h ro m a tic ity  diagram  d e riv e d  ba lance  o f c o lo r s ,  Chapanis and H alsey 

employed a s e t  of 50 c o lo r  samples produced by t r a n s i l lu m in a tin g  

s tan d a rd  Corning and W ratten  c o lo r  f i l t e r s  so  chosen as to  match the  

balanced  CIB f ig u re s  fo r  eq u a l spac ing  and eq u a l lum inance. To 

ach ieve  t r u e  p sy ch o lo g ica l b a lance  w herein  a l l  50 c o lo rs  appeared 

e q u a lly  b r ig h t ,  th e  experim en ters  added masks of n e u t r a l  f i lm  having 

graded , measured degrees of density®

T h eir c o n c lu s io n s s . "With th e  ex cep tio n  of a r e v e r s a l  in  th e  

a re a  o f th e  ye llow  re g io n , i t  appears t h a t  fo r  c o lo rs  o f eq u al 

b r ig h tn e s s , s a tu r a te d  c o lo rs  re q u ire  le s s  luminance th a n  d e sa tu ra te d  

ones*"

When H urvich and Jameson p u b lish e d  th e  r e s u l t s  o f th e  fo u r th  

phase of an extended re se a rc h  conducted a t  Eastman Kodak .under th e  

t i t l e ,  "Some q u a n t i ta t iv e  a sp ec ts  o f an opponen t-co lo rs  th e o ry 18 in  

1956 (2 7 ), th e y  a ls o  inc lu d ed  f in d in g s  to  th e  e f f e c t  t h a t  "equa l 

d is ta n c e s  in  th e  CIS ch ro m a tic ity  diagram  do n o t re p re s e n t  equal 

p sy c h o lo g ic a l d if fe re n c e s* "  To in su re  t h e i r  meaning would not be 

m isco n stru ed , th e y  d e fin e d  t h e i r  use o f th e  term  "p sy ch o lo g ica l"  as 

deno ting  "p e rc e p tu a l,* *  thus p sy c h o lo g ic a l co lo r d iffe ren c es , a re
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changes p e rce iv ed  in  term s o f b r ig h tn e s s ,  hue and s a tu r a t io n ^ 11

Find ings of th i s  n a tu re  a t  once pose th e  q u e s tio n , i f  th e  C3E 

c h ro m a tic ity  diagram s cannot be used to  fo rm u la te  cho ices of c o lo rs  

e q u a lly  spaced as to  hue, b r ig h tn e s s , and s a tu r a t io n ,  what sources 

can be employed w ith  confidence by th e  co lo r coding d e s ig n e r when 

sp e c ify in g  c o n tro ls  and in d ic a to r  po lychrom atic  cues?

At t h i s  w r it in g  i t  would appear t h a t  as y e t ,  no new s tan d a rd  has 

been e s ta b l is h e d , su g g es tin g  th a t  a d d i t io n a l  re s e a rc h  i s  re q u ire d  

b efo re  th e  most s u i ta b le  c o rre c t io n s  can be ag reed  upon,, S ince th e  

m a tte r o f c o lo r  p e rc e p tio n  i s  in h e re n tly  c h a ra c te r iz e d  by a sub

je c t iv e  e lem ent, w ith  th e  a t te n d a n t v a r ia t io n s  due to  in d iv id u a l 

d if f e re n c e s  to  be re c o n c ile d  a f t e r  p ro p e r t e s t in g  o f la rg e  p o p u la tio n  

sam ples, i t  cannot be assumed th e  ta s k  of p rov id ing  th e  n ecessa ry  new 

c o lo r  s tan d a rd s  w i l l  be e i t h e r  s h o r t- te rm e d , in e x p en s iv e , dr e a s i ly  

accom plished^

Meanwhile, th e  human f a c to r s  en g in ee r i s  o b lig ed  to  ach iev e  

p sy ch o lo g ica l c o lo r  ba lance  as b e s t he can u sin g  h is  own dev ices fo r  

t e s t i n g  and c o n tro l l in g  th e  d if fe re n c e s  between hue, b r ig h tn e s s  and 

s a tu ra t io n *

4* A b so lu te ly  I d e n t i f i a b le  S p e c tr a l  Hues

While i t  would b e ,re a s su r in g  to  accep t th e  s ta tem en t th a t  

•♦recent ex p erim en ta l ev idence has p rov ided  an e s tim a te  o f th e  

number of c o lo rs  the  average person  can d is c r im in a te  a b so lu te ly "
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w r it te n  by Conover and E r a f t  (15) and p u b lish ed  in  WADC TR 55-471, 

O ctober 1958, an exam ination  of th e  th r e e  re p o r ts  c i te d  th e re in  as 

evidence proves th e  m a tte r  i s  le s s  th a n  d e f in i t e ,  w ith  some im portan t 

v a r ia b le s  u n te s te d  and some only, p a r t i a l l y  in v e s tig a te d ,.

Two o f th e  th re e  s tu d ie s  l i s t e d  by Conover and E r a f t  fo r  su p p o rt 

o f th a t  s ta tem en t a re  a c tu a l ly  concerned w ith  th e  same ex p erim en ta l 

d a ta , nam ely, r e s u l t s  o b ta in ed  by H alsey  and Ghapanis in  1951, f i r s t  

p u b lish ed  under the  t i t l e ,  *6a th e  number o f a b s o lu te ly - id e n t i f ia b le  

s p e c t r a l  hues**, (23)» . F ive  y ears  l a t e r ,  th e  same ex p erim en ta l d a ta  

was used in  a s h o r t  r e p o r t  e n t i t l e d  ’’A bsolu te judgments o f spectrum  

c o lo rs ” , w ith  Ghapanis tak in g  h is  tu r n  f o r  being l i s t e d  f i r s t ,  hence 

th e  e n try  appeared as Ghapanis and Halsey,, S ince  the  d a ta  o f the 

1956 re p o r t  d id  n o t change or augment th e  1951 f in d in g s ,  th e re  a re  no 

grounds fo r  l i s t i n g  th e  l a t e r  r e p o r t  as o ffe r in g  f u r th e r  evidence on 

th e  questio n ,.

The th i r d  s tu d y  re p o r te d  i s  thus a c tu a l ly  only  th e  second s tu d y  

of th e  s u b je c t l i s t e d ,  i t s e l f  th e  work of co -au th o r Conover0 B r ie f ly  

d e sc r ib e d , Conover’s p rocedure  was as fo llow so

Ten co lo r-n o rm al observers  were used , the  experim en ters employ

ing a s e t  o f 25 M unsell maximum s a tu r a t io n  co lo r p a tc h e s „ S u b jec ts  

viewed the  co lo r pa tch es  through  a 3° a p e r tu re  of a n e u t r a l  mask, 

w ith  2104 f t 0 Co o f 6800° i l lu m in a tio n  reach in g  th e  c o lo r  under t e s t .  

P re s e n ta t io n  o f  the  25 c o lo rs  was made in  random o rd e r to  t o t a l  75 

t r i a l s ,  the  ta s k  being to  id e n t i f y  th e  c o lo r  w ith th e  number le a rn ed
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as th e  code d u rin g  p r a c t ic e  t r i a l s »

R esu lts  showed th a t  th e  number o f a b so lu te ly  d isc r im in a b le  

hues may range from  5 to  16, depending upon th e  in d iv id u a l  te s ted *

Under id e a l iz e d  view ing c o n d itio n s , h a l f  th e  observers  t e s t e d  could 

d is  c r im in a te , w ith  ®t|t a p p re c la  b ie ' e r r o r , 9 maximally s a tu r a te d  

su rfa c e  co lo rs*  T h e re fo re , i f  o p e ra to rs  a re  re q u ire d  to  make 

a b so lu te  id e n t i f i c a t io n s  o f co lo red  code symbols w ith  an a r b i t r a r i l y  

sm all number o f e r r o r s ,  th e  code must be u sab le  by somewhat, more 

th an  h a l f  th e  p o p u la tion*  I f  c o lo rs  a re  to  be reco g n ized  on th e  b a s is  

of hue a lone  under a l im ite d  range of view ing c o n d it io n s , th en  8 

su rfa c e  co lo rs  would appear to  be th e  maximum number o f c o lo r  symbols 

th a t  shou ld  be u sed ; a sm a lle r  number (5 ,6 ,  or 7) w i l l  p ro bab ly  be 

n ecessa ry  for. most p r a c t i c a l  purposes*

While th e  Conover and K ra ft r e p o r t  does n o t s p e c i f i c a l l y  so 

s t a t e ,  i t  is  l ik e ly  t h a t  th e  M unsell maximum s a tu r a t io n  co lo r pa tches 

were no t only  matched f o r  s a tu r a t io n  b u t a lso  fo r  v a lu e , hence v a r ie d  

as to  hue .alone*

I f  t h i s  were th e  c o n d itio n , th en  Conover’s s u b je c ts  were making 

un id im en sio n al judgm ents, n o t m u ltid im en sio n a l ones* In  th e  l ig h t  of 

M i l le r ’s p e n e tr a t io n  o f th e  problems o f human p e rc e p tio n  and th e  capa=» 

b i l i t i e s  th e re o f  in  making d is c r im in a tio n s  when more th a n  one dim ension 

o f d if f e re n c e  i s  p re se n t (3 4 ) , i t  seems c le a r  th a t  C onover's e x p e r i

m en ta tion  shou ld  be co n sid ered  only  one phase of s e v e ra l  re q u ire d  to  

determ ine th e  number o f a b so lu te ly  i d e n t i f i a b le  co lo rs*  His work, 

l ik e  th a t  of H alsey and Chapanis (23) seems to  have t e s t e d  on ly  th e
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number o f a b so lu te ly  id e n t i f i a b le  co lo rs  d is t in g u is h a b le  when 

d if fe re n c e s  were unidim ens idm al«,

fhuS j i t  would appear th a t  b e fo re  human f a c to r s  en g in eers  can 

be adv ised  on the  t ru e  l im i t s  of a b s o lu te ly  id e n t i f i a b le  c o lo r s ,  

f u r th e r  in v e s t ig a t io n s  a re  re q u ire d  w herein  th e  c o lo rs  vary  n o t only 

f o r  hue, b u t f o r  b r ig h tn e s s  and f o r  s a tu r a t io n  as w e ll .

The work of H alsey  and Chapanis re p o r te d  in  1951, "On the 

number o f a b so lu te ly  id e n t i f i a b le  s p e c t r a l  hues8’ (23) invo lved  dae 

of fo u r  s e ts  o f c o lo rs ,  matched f o r  va lue  and s a tu r a t io n  (o r 

i n t e n s i t y ) ,  com prised of 17, 15, 12 and 10 c o lo rs  re sp ec tiv e ly ®

T h e ir r e s u l t s  w ere:

17 hue s e r i e s :  72*4$ id e n t i f i e d  c o r r e c t ly

15 hue s e r i e s :  94*8$ id e n t i f i e d  c o r r e c t ly

12 hue s e r i e s :  96*0$ id e n t i f i e d  c o r r e c t ly

10 hue s e r i e s :  97*5$ id e n t i f i e d  c o r r e c t ly

A s ig n i f i c a n t  comment in c lu d ed  in  th a t  r e p o r t  c o n ta in s  in d ic a 

t io n  of th e  b e n e f i t  which m u ltid im en sio n a l d if fe re n c e s  m ight add to  

th e  d is c r im in a b i l i ty  o f co lors*  As long as 1951 Chapanis and 

H alsey s t a t e d :  " I t  i s  p o s s ib le  th a t  i f  i n t e n s i ty  ( s a tu r a t io h )  were

allow ed to  v a ry  th roughou t th e  s e r i e s ,  more hues would be d i s -  

c rim in ab le  accord ing  to  our c r i t e r i a * 88

In  1954 th e  samd in v e s t ig a to r s  p u b lish e d  th e  r e s u l t s  of ano ther 

s tu d y  d e a lin g  w ith  co lo r d is c r im in a b i l i ty  under th e  t i t l e ,

88C hrom atic ity  confusion  con tours in  a complex view ing s i t u a t i o n 18 (24)*



Again h o ld in g  th e  d if fe re n c e s  to  ttnidim ens io n a l  v a r ia t io n s  of hue 

o n ly , th ey  employed 58 s tan d a rd  c o lo rs  d is t r ib u te d  th roughou t the  

GJE co n stan t-lum inance  c h ro m a tic ity  diagram* Colored l i g h t s  were 

th e  media, th e  t e s t  d is p la y  c a rry in g  a t o t a l  of 171 l ig h t s  

su rround ing  a c e n t r a l  l i g h t  which was th e  s tan d a rd  to  be matched* 

There were 80 v a r ia t io n s  o f co lo red  l i g h t  t e s t  d is p la y s ,  and every 

s tan d a rd  was compared w ith  every  o th e r  s ta n d a rd  tw ic e . A com plete 

s e t  of o b se rv a tio n s  f o r  any s u b je c t  re q u ire d  12 to  24 hours of 

t e s t i n g .  (This su g g es ts  th e re  was no requ irem ent th a t  th e  sub

je c t s  com plete t h e i r  m atching in  th e  s h o r te s t  p o s s ib le  t im e ) .

R esu lts  re v e a le d  th a t  th e  maximum number o f c o lo r  s tandards 

found a t  th e  10% l e v e l  of d is c r im in a b i l i ty  was 15, but th e  au th o rs  

no te  th e  th e o r e t i c a l  maximum may be 18 . At th e  20% le v e l ,  19 

s tan d a rd s  were s e le c te d .

At th e  5% le v e l ,  11 nonoverlapping  co lo r s tan d a rd s  were d is  

c r im in a te d . A gain, th e  in v e s t ig a to r s  b e lie v e  t h a t  i f  more complete 

t e s t in g  were conducted , 14 c o lo rs  would prove to  be d is c r im in a b le .

In  summary i t  can be s ta te d s

I .  E xperim en ta l t e s t in g  of th e  number of a b s o lu te ly  

id e n t i f i a b le  co lo rs  seems to  have been l im ite d  to  u n id im en sian a l 

d if f e re n c e s  o f hue w hile  h o ld in g  b r ig h tn e s s  and s a tu r a t io n  co n stan t 

F u r th e r  t e s t in g  of c o lo rs  w ith  d if fe re n c e s  o f  h u e , b r ig h tn e s s  and 

s a tu r a t io n  i s  re q u ire d  b efo re  th e  f u l l  scope of c o lo r  d i s 

c r im in a b i l i ty  can be e s ta b lish e d *



87

2 o Human f a c to r s  eng ineers  must keep in  mind t h a t  the  

l im i ta t io n s  on the  number o f co lo rs  p e rm itte d  co lo r coding  c o n tro ls  

and in d ic a to rs  by most government handbooks and s p e c i f ic a t io n s  a re  

l im ita t io n s  r e f l e c t i n g  re se a rc h  o f un id im en sio n a l c o lo r  te s t in g *  I f  

c o lo rs  used fo r  coding v ary  in  hue o n ly , th e n  the l im i ta t io n s  found 

by H alsey and Chapanis and by Conover are  p robab ly  v a lid *

3 * S ince e q u a lly  b r ig h t  c o lo rs  o fte n  appear unequal in  

s a tu r a t io n ,  a lthough  th ey  a re  s c i e n t i f i c a l l y  matched fo r  b r ig h tn e ss  

and s a tu r a t io n  acco rd in g  to  th e  CIS constan t-lum inance  c h ro m a tic ity  

d iagram s, ad ju stm en t of both  b r ig h tn e s s  and s a tu r a t io n  may be r e 

q u ired  to  accom plish p sy c h o lo g ic a lly  balanced  hues* Thus, in  

s e le c t in g  c o lo r  fo r  co d in g , e m p ir ic a l t e s t in g  fo r  balance  is  

req u ired *

5» Reaction-T im e C o n sid era tio n s

Since th e  response  to  a command or s i tu a t io n  which re q u ire s  

immediate a c t io n  by th e  o p e ra to r  i s  a m a tte r  of re a c tio n - tim e  

speed , c e r ta in  fundam ental p re c e p ts  concern ing  th e  sp eed  w ith  which 

human resp o n ses ' can be expected  to  fu n c tio n  become p re c e p ts  of con

cern  to  th e  co lo r coding designer*

Previous comment has d e a l t  w ith  th e  p r e c e p ts ■and l im i ta t io n s  o f 

c o lo r  p e rc e p tio n , but an alm ost s e p a ra te  s e t  of l im i ta t io n s  and 

c a p a b i l i t i e s  become im portan t when speed o f p e rc e p tio n  and speed of 

motor response  a re  f a c to r s  of prime im portance* Under th e  g e n e ra l 

head ing  of re a c t io n - t im e , human f a c to r s  eng in eers  may f in d  a s iz a b le
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body of ex p erim en ta l d a ta  b earin g  d i r e c t l y  on the  o p e ra tio n  of con

t r o l s  and response to  in d ic a to r s ,  d a ta  th a t  support c e r t a in  laws of 

human r e a c t io n  e s s e n t i a l  to  human f a c to r s  en g in eerin g s

One of th e  most com prehensive s tu d ie s  of r e a c t io n - t im e  problems 

i s  th a t  by T eichner (4 2 ), p u b lish ed  in  1954, who surveyed a wide 

f i e l d  of ET re p o r ts  and p ro v ided  h is  paper w ith  a b ib lio g ra p h y  of 

168 r e fe re n c e s .  L im itin g  th e  s tu d y  to  "sim ple  r e a c t io n  t im e " , h is  

work in c lu d es  the fo llo w in g  f in d in g s e

Most ET s tu d ie s  have found r e a c t io n t im e  f a s t e r  in  response to  

sound s t im u l i  th an  to  o th e r  s t im u l i .  Most s tu d ie s  have a ls o  found 

f a s t e r  RTs w ith  t a c t u a l  th a n  w ith  v i s u a l  stim uli®  A ta b le  by 

Robinson shows median ETs compared th u s ly :  a u d itio n  ET 0*142 msecs*,

touch ET 0*155 msecs*, v is io n  ET 0*194 msecs*

Combined s t im u l i ,  such as  l i g h t ,  sound and e l e c t r i c  shock, i f  

p re se n te d  s im u ltan eo u sly  were found to  e l i c i t  f a s t e r  ETs than i f  th e  

s t im u l i  were p re se n te d  s in g ly *  S uccessive  s t im u la tio n  of d i f f e r e n t  

sense  m o d a litie s  produced slow er ETs th a n  when th e  s t im u l i  were 

p re se n t s in g ly *

Among r ig h t  handed s u b je c ts ,  i t  was found th a t  ET fo r  the l e f t  

hand was slow er than  f o r  th e  r i g h t  hand* Again, th e  sum o f  ETs fo r  

each hand was la r g e r  when the  S* t r i e d  to  respond w ith  both hands a t  

once th a n  when he moved them su cc e ss iv e ly *

T eichner comments th a t  " th e  c e r e b ra l  f a c to r s  in v o lved  have no t 

been s tu d ie d  in  a way to  make them a p p lic a b le  to  th i s  d iscu ss io n *  

eocThe c o n d itio n  o f the  r e c e p to r  and of th e  responding member a re
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s t i l l  among th e  c o n d itio n s  which have re c e iv e d  in s u f f i c i e n t  a tte n tio n * *  

A nother phase of Ef re s e a rc h  has been concerned w ith  th e  psycho* 

p h y s ic a l r e la t io n s h ip  between s tim u lu s  in te n s i ty  and r e a c t io n  time*

For in s ta n c e , a s tu d y  by B a r t l e t t  and MacLeod (7) undertook  to  

e s ta b l i s h  r e la t io n s h ip s  between ET and s ig n a l  and f i e l d  lum inance, 

f o r  both  fo v e a l and p e r ip h e ra l  s t im u la t io n  over a wide s tim u lu s  range 

under p r e c is e ly  c o n tro l le d  co n d itio n s*

The in v e s t ig a to r s  te s te d  two m ajor ex p erim en ta l co n d itio n s  5 

f i e l d  lum inance l e v e l  h e ld  c o n s ta n t w h ile  f l a s h  lum inance was v a r ie d , 

and , f l a s h  lum inance f ix e d  w h ile  f i e l d  lum inance was varied*. R esu lts  

o f t e s t in g  v a r ia b le  f l a s h  a t  th r e e  f i e l d  param eters confirm ed Lemmon 

and G e is in g e r1s f in d in g  th a t  p e r ip h e ra l  s t im u la tio n  y ie ld s  s h o r te r  

RTs f o r  a dim f la s h  and a ls o  an agreem ent w ith  th e  d a ta  o f G a l i f r e t  

and P ie ro n  who found , in  th e  case  o f a r e l a t i v e l y  b r ig h t  f l a s h ,  th a t  

fo v e a l la te n c ie s  a re  s h o r te r  th an  p e r ip h e ra ls

R esu lts  of t e s t i n g  v a r ia b le  f i e l d  a t  th re e  f l a s h  param eters r e 

vealed  th a t  th e  la te n c y - lo g  f i e l d  fu n c tio n s  a re  c h a r a c t e r i s t i c a l l y  

f l a t ,  e x h ib it in g  l i t t l e  or no in c re a se s  in  RT over lo g  lum inance 

ranges where th e  f i e l d  i s  c le a r ly  d is c r im in a b le  from th e  flash®  

E v e n tu a lly , however, RT in c re a se s  p re c ip i to u s ly ,  becoming v e ry  la rg e ,  

as th e  f i e l d  luminance approaches a l e v e l  where th e  f l a s h  becomes 

in d isc rim in a b le o  The s tu d y  a lso  s t a t e s :

Two tre n d s  may be no ted  in  any one fam ily  of fu n c t io n s ,  as 
th e  f l a s h  param eter i s  decreased  from  1500 to  0e15 mLs; la te n c y  
va lues become in c re a s in g ly  e le v a te d  over th e  f l a t  p o r t io n  of
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th e  cu rv e j and th e  th re sh o ld  u p tu rn  o f each fu n c tio n  occurs so o n er, 
a t  a sm a lle r  f i e l d  lum inance va lue  * As th e  f l a s h  i s  moved 

from  th e  fovea to  th e  p e r ip h e ry , th e  same two tre n d s  a re  in  e v i
dence, io S e , an e le v a tio n  of la te n c y , and th re sh o ld  u p tu rn  a t  a 
dimmer f i e l d  le v e l*

This b r i e f  n o te  on th e  problem  of s tim u lu s  i n t e n s i t y  p rov ides 

in d ic a t io n  o f a key f a c to r  a f f e c t in g  th e  e f f ic ie n c y  of c o lo r  coding 

f o r  c o n tro ls  and in d ic a to r s „ I n te n s i ty  of f r o n t  i l lu m in a tio n  f o r  s u r 

fa c e  c o lo rs  combined w ith  th e  f a c to r s  o f s a tu r a t io n  and b rig h tn e ss  o f . 

th e  c o lo rs  them selves may be reco g n ized  as in se p a ra b ly  in te r r e la t e d  

c o n s id e ra tio n s  f o r  the  c o lo r  coding designer*  S t i l l  an o th er kind of 

s tim u lu s  in te n s i ty  f a c to r  appears w ith  u se  of t r a n s i l lu m in a te d  in d ic a 

to rs *  Where th e  o p e ra to r  i s  g iven  a wide conso le  to  m on ito r, w ith  

in d ic a to rs  to  be watched n o t only, by th e  fo v e a l a reas  o f th e  eye bu t 

by th e  p e r ip h e ra l .a s  w e l l ,  f in d in g s  such as th o se  re p o r te d  by B art

l e t t  and MacLeod become d i r e c t ly  a p p lic ab le *  Indeed, c a re le s s  p lan 

ning of th e  i l lu m in a tio n  o f c o n tro l  p an e ls  may r e s u l t  i n  sh a rp ly  in 

c reased  numbers of o p e ra to r e r ro r s  p a r t i c u l a r ly  w ith  c o lo r  coded con

t r o l s *

6 * Search  and Scanning T hresholds

W hile observ ing  th e  perform ance of p i l o t s  and EOs during  the  

c o lo r  coding t e s t s  re p o r te d  h e re w ith , t h i s  in v e s t ig a to r  was brought 

up a g a in s t  th e  problem s posed by th e  req u irem en t to  scan  and search  

w ith  maximal speed f o r  th e  ta r g e t  c o n tr o l  and c o n ta c t i t  w ithou t 

making an e r r o r  o r sco r in g  a slow  RT due to  h e s i ta t io n *

From the  o u ts e t ,  beg inn ing  w ith  th e  p ra c t ic e  t r i a l s ,  i t  became 

ap p aren t t h a t  an o p e ra to r  must d isco v e r h is  scan  and se a rc h  speed
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th re s h o ld  b e fo re  he can s e t t l e  down to  an e r r o r - f r e e  and h e s i t a t io n  

reduced  perform ance0 In  every  c a se , when th e  s u b je c t  exceeded h is  

scan  speed th re s h o ld  h is  eyes would sweep p a s t  the  t a r g e t  p u sh -b u tto n , 

i t s  p resence  seen  but n o t perceived*  The r e s u l t  o f the  sw eep-past 

was e i th e r  an e r r o r  or a h e s i ta t io n *

For example, th e  perform ance o f EO IC* as shown in  Table 13 

re v e a ls  him to  be th e  only  s u b je c t who sco red  no e r r o r s  f o r  any of 

th e  th re e  cue ty p es  during  th e  f i n a l  20 tr ia ls ®  Indeed, h is  f u l l -  

len g th  re c o rd  c o n ta in s  only  one e r r o r  d u ring  180 tr ia ls ®  A ccordingly  

i t  m ight be concluded th a t  he was th e  most r e l i a b l e  of a l l  o p e ra to rs  

tested®  Study of h is  o v e r a l l  perform ance, however, shows th a t  h is  

ETs were th e  s lo w es t, h is  h e s i ta t io n s  sco re  was nex t to  g r e a te s t ,  

and h is  mean hand t r a v e l  RT was slowest®

' I n . th e  o p e ra tio n  of hyperson ic  a i r c r a f t ,  manned m is s i le s  and 

s a t e l l i t e s ,  a h e s i t a t io n  could be tantam ount to  an error®  Thus, i f  

erdws were being s e le c te d  f o r  such v e h ic le s ,  E© K® m ight be a f a r  

p o o re r ch o ice  than  s e v e ra l  o th e rs  of th e  f ig h te r  squadron  tested®  

P re fe ra b le  would be th e  men of Group I I I  who sco red  some e r ro rs  b u t 

whose h e s i t a t io n .s c o r e s  were lo w e st, ran k in g  them 1 s t ,  2 nd and 2nd, 

w hile  t h e i r  perform ance mean ETs were f a s t e s t ,  rank ing  them 1 s t ,  2nd, 

and 3 rd®

I d e a l ly ,  th e  b e s t o p e ra to rs  a re  th o se  who le a r n  e a r ly  what t h e i r  

in d iv id u a l  scan  speed th re sh o ld s, a re  and never exceed them® lh a t  

seems to  be needed, however, i s  a b e t t e r  method fo r  te ac h in g  o p e ra to rs  

how to  determ ine t h e i r  scan  speed th resho lds®  Under th e  co n d itio n s
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employed in  t h i s  experim en t, i t  was obvious th a t  some s u b je c ts  le a rn e d  

to  sense t h e i r  scan  speed l im i ta t io n s  f a s t e r  and more e f f e c t iv e ly  

th an  o th e rs , but the  aw areness was much more a m a tte r  o f f e e l in g ,  

alm ost i n s t i n c t  p e rh ap s, r a th e r  th an  o f s c i e n t i f i c  tim ing*

Looking a t  th e  problem  from  th e  human f a c to r s  en g in eerin g  view 

p o in t ,  i t  i s  e v id en t th a t  th e  p lan n in g  of hyperson ic  and f a s t e r  

v e h ic u la r  c o n tro l re q u ire s  a cc u ra te  knowledge of human scan  speed 

norms so  as n o t to  b u ild  c o n tro l  in s tru m e n ta tio n  th a t  r e q u ire s  

resp o n ses  f a s t e r  th a n  o p e ra to rs  can be expected to  d e l iv e r  w ith  

accu racy . A gain , i t  i s  a ls o  a t r a in in g  command concern , w ith  the 

need to  avo id  t r a in in g  programs th a t  demand s e v e ra l  hundred hours in  

th e  a ttem p t to  develop m axim al-response speeds a t  c o n tro l  s ta t io n s *

The need , i t  would seem, i s  to  in v e s t ig a te  w ith  use o f p re c is io n  

tim ing  dev ices how f a s t  scan  and sea rc h  w ith  p e rc e p tio n  can b e . At 

l e a s t  two methods a re  re p o r te d ly  being  used in  t h i s  d i r e c t io n ;  the 

M iles tech n iq u e  of oculomyography, and , th e  h igh -speed  m otion p ic tu re  

cameras r e c e n t ly  developed fo r  m is s i le  f i r i n g  docum entation capable 

of p r e c is e ,  c a l ib r a te d  images reco rd ed  a t  speeds up to  2 0 0 0  frames 

p e r second . I t  i s  hoped th a t  th e  r e s u l t s  o f th e se  s tu d ie s  now in  

p ro g ress  by th e  USAF and th e  Mavy. w i l l  be p u b lish ed  soon* ' ■

7 . In te g ra tio n , o f Human E ng ineering  and T ra in in g  R esearch

In  a Jo u rn a l o f A v ia tio n  M edicine a r t i c l e ,  K le in  and G a ll (30) 

p o in t out th a t  in te g r a t io n  o f human en g in ee rin g  re s e a rc h  w ith  t r a i n 

ing  re se a rc h  i s  n e ce ssa ry , even m andatory, i f  th e  o p e ra t io n a l  

e f f ic ie n c y  of c o n tro l  and in d ic a to r  p an e ls  i s  to  be in s u re d . While a
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s p e c ia l  s tu d y  p ro bab ly  would be re q u ire d  to  determ ine how much or how 

l i t t l e  in te g r a t io n  of the k ind  K le in  and G a ll c a l l  f o r  a c tu a l ly  e x i s t s , 

th e  f a c t  th a t  th e y , in  t h e i r  p o s i t io n s , were im pelled  to  make th e  p le a  

would in d ic a te  th e  need i s  re a l*

While some o f our more advanced en g in eerin g  teams may not have 

ignored  t r a in in g  command problem s in  t h e i r  human f a c to r s  e n g in ee rin g , 

i t  i s  p ro bab ly  tru e  t h a t  th e  m a jo rity  of c o n tro l  and in d ic a to rs  

p an e ls  a re  p u t in to  p re d ic t io n  w ithou t b e n e f i t  of adv ice  from  t r a i n -
■ ''V ■

in g  s p e c ia l i s t s *  (In d eed , i t  is  d o u b tfu l i f  50 p e rcen t even have 

b e n e f i t  of human en g in ee rin g  adv ice*)

lo o k in g  ahead to  th e  time when c o lo r coding has become a s ta n d 

a rd  fe a tu re  o f v is u a l  d is p la y s , i t  seems c e r ta in  t h a t  t r a in in g  r e 

sea rch  should  be r e g u la r ly  p a r t  o f the  c o lo r  coding d e s ig n e r 's  con

cern  as he t r i e s  to  avo id  in tro d u c tio n  o f coding system s too  d i f f i c u l t  

o r to o  complex to  p e rm it rea so n ab ly  s h o r t  t r a in in g  programs being 

accom plished*

Perhaps th e  id e a l  human f a c to r s  en g in ee rin g  team  w i l l  prove to  

be one having a t r a in in g  s p e c i a l i s t  as a r e g u la r ,  perm anent member, 

p a r t  of h is  assignm ent be ing  to  in su re  t r a in in g  re se a rc h  d a ta  was 

prom ptly made a v a ila b le  to  human f a c to r s  en g in eerin g  and to  in su re  

th a t  human f a c to r s  re s e a rc h  p e r t in e n t  to  t r a in in g  problem s was made 

known to  t r a in in g  commandss

One su sp ec ts  t h a t  t r a in in g  i s  s t i l l  co n sid ered  by many top 

p lan n in g  bodies as a s e rv ic e  o p e ra tio n  whose only m iss io n  i s  to  take
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w hatever equipment i s  bought, th en  te ac h  p e rso n n e l to  o p e ra te  i t  as 

b e s t  th ey  can . Human fa c to r s  en g in eers  a lso  may be p ro n e , som etim es, 

to  ig n o re  t r a in in g  d i f f i c u l t i e s  which c o n tro l and in d ic a to r  panels 

p r e s e n t , fo r  example®

C onsidering  human f a c to r s  en g in eerin g  in  i t s  f u l l e s t  range o f 

fu n c tio n s  and r e s p o n s i b i l i t i e s , i s  no t a b a s ic  p a r t  of th e  job aimed 

a t  a n t ic ip a t io n  o f t r a in in g  as w e ll  as of o p e ra tio n a l problem s? I f  a 

c o n tro l  p a n e l i s  g iven  so g re a t  a com plex ity  of d esig n  th a t  i t  

th re a te n s  to  re q u ire  a type  of m onito ring  and motor response  b o rd e r

in g  on th e  upper l im i t s  of o p e ra to r c a p a b i l i t i e s ,  i s  n o t th a t  p an e l 

a ls o  a p t to  re q u ire  a t r a in in g  program overlong and overstrenuous ?

A nalysis  of the  v i s u a l  d isp la y  w hile s t i l l  on th e  d ra f t in g  

b oard , s c r u t in iz e d  bo th  by human f a c to r s  eng ineers  and t r a in in g  . 

s p e c i a l i s t s ,  would appear to  be th e  p re fe ra b le  p ro c e d u re . In  t h i s  

e v e n t, t r a in in g  d i f f i c u l t i e s  as w e ll as o p e ra tio n a l d i f f i c u l t i e s  

would be d isc u sse d , te s t e d ,  and re d e s ig n  in s t i t u t e d  on th e  adv ice o f 

s p e c i a l i s t s  b e fo re  th e  d is p la y  went in to  p ro d u c tio n .

In  s h o r t ,  i t  can be co n sid ered  only  good p r a c t ic e  improving th e  

s t a t e  o f the  v is u a l  d is p la y  a r t  i f  in te g r a t io n  of human fa c to r s  

en g in ee rin g  and t r a in in g  re se a rc h  i s  made a ro u tin e  requirem ent®

Since e f f e c t iv e  t r a in in g  tech n iq u es  can be e a s i ly  neg a ted  by 

in e f f e c t iv e ly  designed  equipm ent, poor le a rn in g  or slow  le a rn in g  is  

no t n e c e s s a r i ly  a f a u l t  o f the t r a in in g  program . In d eed , i f  fo llo w - 

th rough  by en g ineers  were to  in c lu d e  o b se rv a tio n  of t h e i r  equipment
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e f fe c t iv e n e s s  d u rin g  t r a i n i n g , i t  i s  l i k e l y  th a t  many item s g iving 

tro u b le  during  o p e ra t io n a l  use could  be caught in  th e  t r a in in g  p e rio d  

and red esig n ed  b e fo re  p ro d u c tio n  had been com pleted and d e liv e ry  made 

on th e  e n t i r e  a llo tm en t#

C olor cod ing 5 l i k e  many o th e r  v is u a l  d isp la y  f e a tu r e s , w i l l  

prove to  be w e ll  designed  or p o o rly  designed  only when p u t to  th e  

o p e ra tio n a l te s t#  Fo llow -th rough  o b se rv a tio n  of c o lo r  coding 

e f fe c t iv e n e s s  during  t r a in in g  cou ld  w e ll  prove an im portan t p a r t  o f  

th e  o v e r a l l  checkout g iven  th e  new d isp lay #  T e s tin g  in  th e  en g in ee r

in g  la b  may produce q u i te  a ccep tab le  r e s u l t s ,  y e t th e  same d isp la y  

prove d i f f i c u l t  or slow  when a c tu a l ly  in  used by o p e ra to r p e rso n n e l 

du rin g  t r a in in g #  . •

As a g e n e ra l r u le  i t  cou ld  be s a id  th a t  i f  a v i s u a l  d is p la y  

proves d i f f i c u l t  to  m aster by o p e ra to r p e rso n n e l d u rin g  t r a in in g ,  th e  

d is p la y  needs re d e s ig n  by human en g in ee rin g  and t r a in in g  s p e c ia l i s t s #

In  view of th e  now s e v e re ly  reduced len g th s  of time p e rm itte d  th e  

o p e ra to r d u rin g  f l i g h t  to  make command d e c is io n s  and a d ju s t  th e  

c o r r e c t  s e r ie s  o f c o n tro ls  w ithou t e r r o r  or h e s i t a t io n ,  th e re  i s  more 

need th a n  ever b e fo re  to  so  design  th e  c o n tro ls  and in d ic a to r  panels 

as to  avo id  any la y o u t ,  coding , i l lu m in a t io n ,  o r an th ro p o m etric  

fe a tu re s  which can cause o p e ra to r co n fu sio n  or h e s i t a t io n  however < 

s l ig h t#

In  2 seconds, the average tim e re q u ire d  to  observe an impending 

au to  c rash  and push the  brake th a t  w i l l  avo id  th e  a c c id e n t ,  th e  2 0 0 0  

mph a i r c r a f t  t r a v e l s  more th a n  one m ile , w h ile  th e  manned s a t e l l i t e
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moving a t  o r b i t a l  speed o f 18s470 mph, t r a v e l s  more th a n  10 m iles in  

th e  same 2  seconds# ,

This means th a t  th e  t r a in in g  commands must so  p e r f e c t ly  i n s t r u c t  

th e  p e rso n n e l who w i l l  man th e se  h y p erson ic  a i r c r a f t  and s a t e l l i t e s  

th ey  w i l l  become aware o f th e  s ig n i f i c a n t  danger which h e s i ta t io n s  as 

sm all as 50 m illise c o n d s  cou ld  make* A ccord ing ly , i t  w i l l  be 

e s s e n t i a l  th a t  c o n tro l  and in d ic a to r  p an e ls  be so  c a r e f u l ly  

eng ineered  as to  la y o u t , coding , d i a l s , knobs, sw itch e s , an thropo

m e trie s  and i l lu m in a tio n  th a t  no o p e ra to r  h e s i t a t io n s  o r e r ro r s  can 

be tra c e d  to  poor d e s ig n . I t  would seem c le a r ,  th e re fo re ^  th a t  

d e s ig n e rs  o f a l l  k inds in v o lv ed , in c lu d in g  human f a c to r s  e n g in e e rs , 

would need th e  b e n e f i t  o f t r a in in g  s p e c i a l i s t s '  c o n s u lta t io n  du ring  

d esig n  o f th e  v is u a l  d isp la y s  of th e se  f a s t e s t  of manned v e h ic le s ,

C, FURTHER STUDIES INBIG Alia)

l e The Big P ic tu re

B efore p ro ceed in g  w ith  th e  s e v e r a l  necessa ry  f u r th e r  s tu d ie s  

in d ic a te d ,  i t  seems to  t h i s  in v e s t ig a to r  th a t  a f i r s t  e s s e n t i a l  would 

be th e  com pletion o f a b ig  p ic tu r e ,  com prehensive su rvey  of th e  en

t i r e  f i e l d  of c o lo r  cod in g , w ith  c a r e f u l  e v a lu a tio n  made o f w hatever 

re s e a rc h  has been d one th a t  b ea rs  e i th e r  d i r e c t ly  or in d i r e c t ly  on 

th i s  f i e l d .

S ystem atic  a n a ly s is  i s  needed o f a l l  ex p erim en ta l work under

tak en  to  d a te ,  th e  end purpose being  to  e v a lu a te  each stu d y  as to  

th e  lo g ic  o f p rocedures and b a s ic  assum ptions, w ith  c o n s id e ra tio n  of
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p o s s ib le  flaw s in  i t s  ex p erim en ta l d e s ig n , and f i n a l l y  to  re a s s e s s  

th e  v a l id i t y  of i t s  c o n c lu s io n s . The re p o r t  r e s u l t in g  from  su ch  a 

su rvey  would p ro v id e  th e  p ro fe s s io n  w ith  p robab ly  th e  f i r s t  compre

h en siv e  overview of the c o lo r coding f i e l d .  I t  would a llow  new 

assessm ent of th e  p re s e n t ly  d isco n n ec ted  and in te r m i t te n t  group of 

s tu d ie s  which com prise th e  p re s e n t ly  known scope o f re s e a rc h  on co lo r 

cod ing . I t  would p rov ide  v i s i b i l i t y  of the  gaps, o v e r la p , and f r in g e  

a reas  which re q u ire  a d d i t io n a l  ex p erim en ta l work, in  o rd er to  in su re  a 

f u l l  sp read  of in te g ra te d  re se a rc h  in  c o lo r  coding to  be completed,.

So f a r  as th i s  w r i te r  has been a b le  to  de term ine , th e re  has no t 

been i n s t i t u t e d  as y e t any long ra n g e , com prehensively  designed  p ro 

gram of ex p erim en ta l re s e a rc h  on c o lo r  coding of c o n tro ls  and in d ic a 

to r s  which would th o ro u g h ly  exp lo re  a l l  the  problems of p sychophysics, 

c o lo r  p e rc e p tio n , r e a c t io n  tim e , scan  th re s h o ld , m u ltid im en sio n a l 

a b so lu te  judgm ents, p h o to recep to r s e n s i t i v i t y ,  lum inance of eq u a lly  

b r ig h t  c o lo r s ,  th e  number of a b so lu te ly  id e n t i f i a b le  c o lo rs , and 

o th e r  a n c i l l i a r y  problem s which must be encompassed by th e  co lo r 

coding d e s ig n e r . I f  th e  paragraphs on c o lo r  coding p u b lish e d  in  th e  

MBC P u b lic a tio n s  ( l ) ,  (2 ) , (3) and (4 ) ,  a re  an index  to  what th e  

p ro fe s s io n  now o f f i c i a l l y  reco g n izes  on th e  s u b je c t ,  th e n  th e  f i e l d  

i s  in  what amounts to  d e sp e ra te  need o f the  b ig  p ic tu r e  survey  o u t

lined®

Lacking th a t  com prehensive survey  th e re  i s  no s c i e n t i f i c  way to  

determ ine which f u r th e r  s tu d ie s  of co lo r coding should  be undertaken  

f i r s t ,  no way to  be c e r t a in  how la rg e  th e  gaps v i s ib le  a t  th i s
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w rit in g  a c tu a l ly  a r e ,  no way to  in su re  t h a t  th e  work going forw ard  in  

n e ig h b o rin g  f i e ld s  such as v is io n  and p e rc e p tio n , r e a c t io n  tim e e t  a l  

in c lu d es  s tu d y  of th e  p a r t i c u la r  f a c e ts  of those  f i e ld s  b ea rin g  

d i r e c t l y  on th e  problems o f c o lo r  coding v is u a l  d is p la y s e

2s* Immediate Follow -up In d ic a te d

S ince  th e  b ro ad , b ig  p ic tu re  ty p e  o f su rvey  i s  one t h a t  may n o t 

be commissioned u n t i l  a  good d e a l  of p re p a ra to ry  work has been sp en t 

in  conferences w ith  perhaps s e v e ra l  h igh  l e v e l  a g en c ie s , in v o lv in g  

tim e , t r a v e l  and money, th e re  a re  c e r t a in  fo llow -up  s tu d ie s  in d ic a te d  

by the  t e s t i n g  r e s u l t s  o b ta in ed  in  t h i s  experim ent which cou ld  be 

p laced  on th e  immediate l i s t  w ith o u t much r i s k  o f robb ing  th e  b ig  

p ic tu re  program  th a t  may one day be in s t i tu te d *

S ince  the o b je c tiv e s  o f th e se  immediate fo llow -up  s tu d ie s  have 

a lre a d y  been d iscu ssed  in  some d e t a i l ,  th e  n o ta tio n s  which a re  o ffe re d  

h ere  may be b r i e f , amounting to  l i t t l e  more th a n  ta b u la t io n s  which 

would re q u ire  d e ta i le d  a m p lif ic a t io n  b e fo re  a c tu a l  r e s e a rc h  would 

lo g ic a l ly  begins

a* Repeat th e  p re s e n t ly  re p o r te d  c o lo r  coding o f  c o n tro ls  

experim ent u s in g  a la rg e  p o p u la tio n  sam ple, t e s t in g  th e  r e s u l t s  

ob ta in ed  w ith  th e  i n i t i a l  sm all sam plee E xperim ental ap p ara tu s  f o r  

th e  la rg e  sample t e s t s  shou ld  employ mechanized changing o f cue tab s  

and e le c tro n ic  re c o rd in g  components t h a t  would a llow  bo th  immediate 

re a d -o u t of RT and perm anent reco rd in g  o f th e  d a ta  w ith o u t need f o r  

RT n o ta tio n s  by th e  experim en ter *
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be Repeat th e  command w ord -co lo r a s s o c ia t io n  experim ent w ith  

la rg e  sample p o p u la tio n s  to  determ ine i f  o th e r  w ord -co lo r a s s o c ia tio n s  

should  be added to  th e  l i s t  o f th e  fo u r  no ted  h e re in , (S e c tio n  I I ,  A5) 0 

Co I n i t i a t e  a s e r ie s  of s tu d ie s  which would exp lo re  th e  number 

o f a b so lu te ly  id e n t i f i a b le  co lo rs  r e s u l t in g  from v ary in g  hue , b r ig h t

ness and s a tu r a t io n s

d a I n i t i a t e  a s tu d y  comparing th e  d is c r im in a b i l i ty  range o f 

t r a n s i l lu m in a te d  co lo red  l ig h t s  and in d ic a to r s  w ith  th e  d is c r im in -  

a b i l i t y  range of s u rfa c e  co lo rs*

e* I n i t i a t e  a s tu d y  o f c o n tro l  and in d ic a to r  p a n e l designs 

employing c o lo r  coding f o r  system s as w e ll  as fo r  in d iv id u a l  knobs, 

c o n tro ls  d i a l s ,  sw itc h e s , and in d ic a to r s e

fo I n i t i a t e  a s tu d y  of th e  o p tim al s iz e  o f c o lo r  ta b s  used f o r  

coding c o n tro ls  and in d ic a to r s e

g e I n i t i a t e  a s tu d y  of e r ro r s  and h e s i t a t io n s ,  u s in g  m otion- 

p ic tu re  or t e le v is io n  cameras to  re c o rd  t e s t i n g  of s u b je c ts  during  

th e  re p e a t experim ent o f th e  c o lo r  coding o f c o n tro ls  n o ted  in  (a )  

above @ -

he I n i t i a t e  a s tu d y  of s p e c i f ic  a reas  a n d ,le v e ls  on which 

t r a in in g  re s e a rc h  and human f a c to r s  re s e a rc h  a f fe c t in g  th e  o p e ra tio n a l 

use of c o n tro l  and in d ic a to r  p a n e ls , can or should  be in te g ra te d *
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V I, SWmMY  •

S u b jec ts  u s in g  c o n tro l  pushbu ttons coded w ith  m onochrom atic9 

la b e le d  cue tab s  were tim ed e le c t r o n ic a l ly  f o r  sea rch  3£Ts, t r i a l s  

being  numerous enough to  dem onstrate  maximal speed f o r  s e a rc h , p e rcep 

t io n  and motor response  in  h i t t i n g  t a r g e t  b u tto n s e A pparatus design  

p rev en ted  s u b je c ts  le a rn in g  t a r g e t  b u tto n  lo c a t io n  b y  position , the  

cue ta b  p o s i t io n  be in g  randomly v a r ie d  fo r .e a c h  t r i a l *  Two a d d i t io n a l  

s e r ie s  o f t e s t s  were ru n  u s in g  po lychrom atic  cue ta b s ,  one s e r ie s  

having la b e l s ,  th e  o th e r  s e r ie s  having no la b e ls*  R esu lts  showed s e 

le c t io n  mean RT was 5406% f a s t e r  w ith  po ly ch ro m atic , la b e le d  cue ta b s  

th an  w ith  monochromatic la b e le d  cue ta b s ,  and 590 7% f a s t e r  w ith  p o ly 

chrom atic u n lab e led  cue tab s#  Mean improvement in  speed when po ly 

chrom atic  cue ta b s  were used amounted to  57*2%, H e s ita t io n s  and 

e r ro rs  a n a ly s is  showed th a t  use  of po lychrom atic  cue ta b s  reduced th e  

mean number o f h e s i t a t io n s  by 27e3%} w hile  th e  po lychrom atic  coded 

cue ta b s  reduced  th e  mean number of e r ro r s  by 286%&
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