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Color Sensitivity 
Tests of Color Sense of A.O.C.S. Members and Data on 

Sensibility to Change in Lovibond Red ~ 
BY I R W I N  G, PRIEST~" 

A b s t r a c t  

T HIS paper reports primarily upon 
tests of the color sense of about 
thirty men who have had large ex- 

perience in the color grading of vegeta- 
ble oils in terms of Lovibond glasses, 
nearly all of these men being members of 
the American 'Oil .Chemists' Society. 
Similar tests on five other observers are 
also included for comparison. 

All of the oil chemists were first tested 
by the Stilling Chart test, but the results 
by this test (although reported) are not 
the principal matter of interest. This 
test was regarded merely as preliminary, 
serving to discover any gross abnormality 
of color sense. 

The tests of specific interest relate to 
the observer's ability to report correctly 
very small differences in Lovibond red at 
35 yellow 7.6 red on the Lovibond scale, 
brightness differences being eliminated so 
that the judgment depends, in effect, on- 
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Leas t  Perceptible D':fference in Dominant  
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tirely upon the observer's sensibility to 
difference in dominant wave length at 
equal brightness. The subject's ability in 
this regard was tested by the well known 
psycho-physical method of "right and 
wrong answers." The results for each 
observer are expressed so as to show the 
probozbility of his perceiving correctly 
given small differences in, Lovibond red, 
under certain specified conditions. 

The chief results may be summarized 
as follows : 

1. A difference of 0.1 red at 35 yellow 
7.6 red is perceived with certcdnty by 
only very few exceptional observers. 
However, this difference is perceptible in 
the sense that its presence does affect the 
observer's judgment in the average, al- 
though he is very doubtful of the reality 
of such a difference. 

2. The perceptibility of a difference 
amounting to 0.27 red is notably higher: 
but even this difference is not perceived 
wr cectainty by all normal observers. 

3. About two-thirds of the total num- 
ber of oil chemists tested perceive a dif- 
ference of 0.3 red at 35 yellow 7.6 red 
with practical certainty. 

4. Although they have not been tested 
at the small difference of 0.1 red, it ap- 
pears likely that about one-third of the 
chemists already tested could detect this 
difference with practical certainty if put 
to the test. 

5. Four of the chemists tested appear 
to be unable to detect with certainty dif- 
ferences as great as 0.5 red. One proved 
to be very uncertain about differences as 
great as 10 units. 
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It is emphasized that these results are 
to be regarded as preliminary, and the 
following recommendations are made: 

1. The tests should be repeated in a 
more systematic way and under standard 
constant artificial daylight illumination, 
including the present observers and all 
other members of the Society who are 
engaged in the color grading of oils. For 
each observer the tests should be m'ade 
for each of the following red differences 
in the order given: 0.5, 0.3, 0.2, 0.1. 

2. When the data so obtained are 
available, the Society should, in the light 
of these data, set a standard of perform- 
ance ,for those to be ch,ar.ged with the 
duty of color grading of oil. 

Incidentally, these tests have shown 
that the normal observer's sensibility to 
difference in wave length is much greater 
than has been believed heretofore. Good 
observers can detect with certainty a dif- 
ference of wave length as small as 0.1 
millimicron for yellow light. This is of 
the order of one-fifth or one-tenth of 
what has been given as the "least per- 
ceptible difference" by previous authori- 
ties. This aspect of these data has been 
discussed in a paper communicated to the 
Optical Society of America at its meet- 
ing, October, 1927 (abstract to appear in 
the "Journal of the Optical Society of 
America," vol. 16, p. 117 ; February, 1928). 

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

C 
H E M I S T S  deal ing wi th  vege- 

table oils are called upon 
to make the  nicest  d iscr im-  

inat ion of color in g rad ing  the oils. 
I t  is well known that  many men in 
the general  populat ion are  "color- 
blind," and tha t  many others  who 
may not be proper ly  called "color- 
bl ind" do not have a s t r ic t ly  nor-  
mal color sense nor the abi l i ty  to 
perceive small differences in color. 
I t  seems obvious tha t  the color 
g rad ing  of  oils, which is a m a t t e r  
of  pa ramoun t  commercial  impor-  
tance, ought  to be conducted by ob- 
se rvers  of proven abil i ty in color 
d iscr iminat ion.  I t  developed, how- 
ever,  tha t  ve ry  few, if  any, of the  
men who have been engaged in th is  
business fo r  years  had ever  been 
adequately  tes ted  in this  regard .  

At  the reques t  of officers of the  

Society,  I under took cer ta in  tes ts  of 
the color sense of members  of the 
Amer ican  Oil Chemists '  Society at 
the annual  mee t ing  in Memphis,  
Tenn., May, 1927. This  is the re- 
por t  upon these tests.  

The purposes of this  repor t  a re :  

1. To give the members  of the 
Amer ican  Oil Chemists '  Society an 
idea of the var ia t ions  found among 
those who were  tested, in order  to 
afford a definite basis for  consider-  
ing the need of tes t ing  the color 
sense of those who are  depended 
upon to g rade  the color of oil. 

2. To give definite data upon the 
sensibi l i ty  to change in red on the 
Lovibond s ca lp  at 35 yellow 7.6 red. 

In  mos t  cases the conclusions 
are to be regarded  as indicat ive  and 
ten ta t ive  r a the r  than definit ive or 
final. In the case of most  of the 
adverse  findings, I do not believe 
tha t  the tes ts  at Memphis are  con- 
clusive.  There  are  several  reasons 
for  this,  e . g . : - - ( 1 )  The circum- 
stances of a convent ion are  not the 
most  favorab le  fo r  a good score in 
such tes t s ;  (2) A low score on one 
day m a y  be due to a merely  tem- 
pora ry  indisposi t ion r a the r  than  to 
chronic  abnormal i ty ;  (3) The t ime 
available at  Memphis  was not ade- 
quate  fo r  an ent i re ly  sa t i s fac to ry  
pe r fo rmance  of these tes t s ;  (4) 
The tes t  ought  to be repeated with  
a constant  s tandard  art if icial  day- 
l ight  i l luminat ion,  a f t e r  making  
cer ta in  improvements  in appara tus  
and method.  

Desc r ip t ion  of  Tests 

The tes ts  made were  of two 
kinds, viz : 

1. Abi l i ty  to read the St i l l ing  
Charts .  2 

1Cf .  B. S. Sei. Pap.  547, par t icular ly  p a l .  
and bibliography relat ing to the Lovibond sys- 
tem of  color specification on 13. 21. 

2 ~. Still ing. l>seudo-isochromatische Tafeln.  
14th Edition.  Leipzig,  1913. 
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2. Abi l i ty  to perceive small dif- 
ferences in red on the Lovibond 
scale at 35 yellow 7.6 red, differ- 
ences in bri l l iance being el iminated 
so tha t  the j u d g m e n t  was concerned 
only with differences in hue?  

Concerning the na tu re  of the 
S t i l l ing  Chart  test, the reader is 
re fe r red  to the pubnca t ion  jus t  
cited. 

The tests of abi l i ty  to perceive 
small differences in red at  35 yel- 
low 7.6 red on the Lovibond scale 
were made with appara tus  a r ranged  
as follows: A Mar tens  photometer  L 
was set with its axis horizontal  so 
that  the two halves of the field were 
un i fo rmly  i l luminated  by l ight  f rom 
the nor th  sky ~ransmit ted by a 
small  plate of milk glass held in a 
vert ical  plane before the photome- 
ter.  A 35 yellow glass and a 7.6 
red glass were mounted  together  
between the photometer  and the ob- 
server ' s  eye so that  the observer 
looking into the i n s t r u m e n t  saw 
both halves of the field in tne col- 
or  due to this  combinat ion of 
glasses. Between the milk glass 
and the photometer  was a holder 
in which could be inser ted  a Lovi- 
bond glass (hereaf te r  known as the 
"difference glass")  so as to cover 
e i the r  half  of the photometer  field 
as desired.:' 

The tests were conducted in a 
well l ighted room in dayl ight  so 
tha t  the observer 's  eyes were l ight  
adap ted ;  however, the photometer 
was provided with an eye shade to 

8 T h e  observers  were  accus' .omed in the gen- 
eral  pract ice of  oil color g r ad ing  to the presence 
of a com,bination of both difference factors,  
i .  e.. of  hue and brilliance. 

~Mar tens .  Phys ika l i sche  Zei tschri f t ,  1. pp. 
299-303; 19(:0. 

T h i s  holder consisted of a small black box 
wi th  slots to hold the Lovibond glass. On one 
side of  this box. a c lamp served to attach it 
to the photometer,  while the other side carr ied 
the above mentioned plate of mi lk  glass. (See 
Fig. 1). 

protect  both of the eyes from dis- 
t u r b i n g  side lights.  

The tests  were conducted sub- 
s tan t ia l ly  according to the following 
procedure : - - T h e  observer looked 
into the photometer  and viewed the 
two-par t  field. He was ins t ruc ted  
to match the br igh tness  by adjus t -  
ment  of the photometer and ob- 
serve tha t  the two halves of the 
field were then exactly alike in col- 
or. A Lovibond red glass (the dif- 
ference glass) adequate to produce a 
small but  readily noticeable differ- 
ence in hue was then introduced in 
f ron t  of the photometer so as to af- 
fect only one-half of the field, while 
a non-selective (neut ra l  or so-called 
"colorless") glass was inser ted  
on the other side. The observer 
aga in  matched the br igh tness  and 
observed the difference in hue. He 
was advised that ,  with this  m a n n e r  
of observation,  but  with smaller 
differences in red, the test  would 
consist  in his repor t ing  on which 
side the difference glass was in- 
serted in each of ten separate t r ia ls  
in which he would be ignoran t  of 
its t rue  posi t ion except in so fa r  
as he could tell f rom viewing the 
field. In  other words, he knew tha t  
one side of the field was 35 yellow 
7.6 red and the other, 35 yellow 
(7.6 -~ n) red, where n is some 
small f r ac t ion ;  and he was only re- 
quired to indicate (by saying 
" r igh t "  or " lef t")  in which side 
the "more red" appeared af ter  he 
had matched the br ightness .  Af te r  
each t r ia l ,  while the observer looked 
away, the br igh tness  match was 
d i s turbed  by ad ju s tmen t  of the 
photometer  (whether  the difference 
glass was changed or not)  so tha t  
he could not  in fe r  the posi t ion of 
the difference glass f rom the dif- 
ference in br igh tness  in the next  
t r ial .  He was ins t ruc ted  to report  
his slightest inclination to one side 
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TABLE 1 

GENERAL 5UH]IARY 0Y TIenTS OF COLOR SENSE ~ FOR A.O.C.5. 

AND CO~ABISON WITH DATA FOR OTH~ 0RSER~r"~S. 

( S m a l l  L e t t e r s  i n  P a r e n t h e s e s  i n  t h i s  T a b l e  Te fe r  t o  N o t e s  o h  t he  Y e l l o w i n g  P~e . )  

0 b e e r ~ e r w e  C l a s s  P e r c e p t i h l l s  o f  S m a l l  D i f f e r e n c e s  i n  Red  a t  L o v i b o n d  35Y ? . 6 R  ( c )  
o n  

I d e n t i f i c a t i o n  St i l l i ng  R e d  D i f f .  
Chart (Lovlb. Unite} 0.093 0.16 0.27 0.41 0.55 1.00 1.22 

11o. (a) Tnt (h) A 2. { d )  
{ milllmicrona 0.1 O.2 0.35 0,5 0.65 1.2 1.5 
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T h e  v a l u e s  g i v e n  i n  t h i s  p a r t  
D. 9. J u d d  (I} ..... r_l_~h_t_ ...... i_0 ...... i~ .............. of the table, for observers 

. . . . . . .  ~:-~:~ . . . . . . . . . . . .  ~ f ~  -- ? "4  -Se~ '  o the r  t h a n  t he  o l l  c h e m i s t s .  
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~. O. Rile~ o )  right. extensive d a t a  which are 
~: k\ "~:;E~--{-~) ..... i~fi" 8 "9-.-5- w shown  in detail In Table 2. 

or  t h e  o t h e r  e v e n  t h o u g h  h e  w a s  
v e r y  d o u b t f u l  of  t h e  c o r r e c t n e s s  of  
t h e  a n s w e r .  I t  w a s  e m p h a s i z e d  to  
h i m  t h a t  a s m a l l  ( e v e n  i f  h a r d l y  
p e r c e p t i b l e )  d i f f e r e n c e  w a s  a c t u -  
a l ly  p r e s e n t ,  a n d  i t  w a s  up  to  h i m  
to  m a k e  h i s  " b e s t  b e t "  on  i t .  H e  
w a s  f u r t h e r  a d v i s e d  t h a t  i f  h e  in-  
s i s t e d  u p o n  s a y i n g  " m a t c h e d "  ( no  

d i f f e r e n c e )  i n s t e a d  of  " r i g h t "  or  
" l e f t , "  h i s  a n s w e r s  so  m a d e  w o u l d  be  
a r b i t r a r i l y  d i v i d e d  i n t o  equa l  n u m -  
b e r s  of  " c o r r e c t "  a n d  " i n c o r r e c t "  
in  c o m p u t i n g  h i s  score .  T h u s ,  t h e  
r e s u l t  w o u l d  d e p e n d  e n t i r e l y  u p o n  
c h a n c e  q u i t e  u n a s s i s t e d  b y  h i s  
v i s i on .  T h e  purpose ,  o f  t h i s  r u l e  w a s  
to  f o r c e  t h e  o b s e r v e r  to  d i sc lose  t h e  
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N O T E S  T O  T A B L E  1 

(As  indicated hy Let te rs  in Table)  
( a )  Oil chemists,  men who are experienced in color g r a d i n g  oils in t e rms  of Lovlbond glasses. 

(Nea r ly  all are  members  of A. O'. C. S.) .  Except  as noted, tests  were  made  at the Memphis  
Convention,  May,  1927. 

( b )  The symbols in this  column have the following meanings :  

N means  normal .  ( N  + means  that  the observer  read the char ts  with unusua l  ease and 
accuracy.  N - -  means  that  the observer  had some difficulty in r e a d ing  the charts ,  as 
shown by his hesitat ion.)  

Q means  that,  al though the observer  can not be definitely classed as  deeldedly abnormal,  
he experienced so much difficulty in read ing  that one does not  feel just i f ied in classing 
him without  qualification wi th  those who read with much grea te r  ease. 

D means  definitely defect ive in color discr iminat ion.  

D!  means  undoubtedly abnormal  to a marked  degree. 

(e) The  numbers  in the columns headed by differences in red (0.093, 0.16, 0.27, etc.) are the 
n u m b e r  of  t imes that  the  observer  reported the difference corrdctlx in 10 trials.  Blank 
spaces indicate that  no test  wa~ made  for  that  difference.  

(d)  /k A is the  difference in dominant  wavelength  ( in milIim~icrons) cor responding to the difference 
in Lovibond red giver~ in the  column heading.  

(e) Tes t s  made at the Bureau  of S tandards ,  Wash ing ton .  

( f )  Saw "no dif ference"  5 t imes  out of  10. 

(g)  A f t e r  practice on the l a rge r  differences,  0.41 and 0.53. 

(h) These tests  were  made  ra ther  late in the af ternoon (about 5 P'. M. ) .  The  i l lumination was 
not as h igh as desirable. Th i s  observer  m,lght do bet ter  in the morn ing  or wi th  a h igher  
i l lumination. 

( i)  Incomplete test. Observer  answered  correctly 4 t imes  in 4 t r ia ls  for  difference of 1.22 R. 
( j )  Observer  v e r y  slow in m a k i n g  answers .  
(k )  Th i s  observer  is  an anomadcus t r ichromat  (protanomaly) ,  quite incompetent  to make  accura te  

color matches.  He  proved to be uncer ta in  about differences as grea t  as 10 uni ts  of Lovi- 
bond red 1 

(1) Dr.  Judd  is Associate  Phys ic is t  in the Color imetry Section of the B u r e a u  of St~ndards .  
I-Ie has had a large exper ience  in mak ing  colcr matches  with grea t  care, 

(m)  Dr.  Gibson is Physic is t  in the Colorimetry Section of the Bureau  of S tandards .  H e  has  had 
much experience in colorimetry and photometry. N. B . - - S e e  footnote 6 in text. 

(n) Miss  Geraldine K. W a l k e r  is now Research Associate of the Amer i can  Oil Chemis t s '  Scciety,  
in the Color imetry Section of the Bureau  of Standards .  These  tests  were made  when she 
applied for this position. She had had previous experience in color imetry at the Munsel l  
Research Laboratory ,  but  had never  seen a Lovibcnd glass befo17c these tests  were  made. 
The consistency of her cur ren t  work in g r a d i n g  the glasses indicates that she would make 
a still bet ter  score in this  test  a t  the present  time. (No~m.be r ,  1927). 

(o) Mr.  Ri ley  is Aid in the Color imeutry Section of the Bureau  of  S tandards .  He  had had some 
experience (not ve ry  grea t )  in color match ing  before these tests  were  made.  

(p) Miss  Mabel E. Brown,  as Ass i s tan t  to Mr.  CarI  W. Keuffel in specttoohotometrlc work  with 
Keuffel  and Esser ,  had had a great  deal of  experience in photometry and  spectro. 
photometry, but not so much in other color matching .  She had never  worked with the 
Lovibond glasses pr ior  to this test. 

(q)  F i r s t  trial. 

( r )  Second tr ial  a f t e r  practice with l a rge r  differences. 

very  smal les t  differences he sus-  
pected even i f  he was qui te  doubt-  
ful  of the i r  rea l i ty .  I t  was made  
plain to h im tha t  he had  "every-  
t h ing  to ga in  and no th ing  to lose" 
by r e p o r t i n g  his  s l igh tes t  suspic ions  
as  to the  di f ference in color. P ro-  
eeeding in th i s  manne r  the  conduc- 
to r  of the expe r imen t  placed the 
difference g lass  5 t imes  to affect 

the  l e f t  field and 5 t imes  to a f -  
fect  the  r i g h t  field, the  observer  
be ing  i gno ran t  oK the  o rde r  in 
which th is  was done. ~ 

6 T h e  usual  order, wi th  ve ry  few exceptions 
w a s :  (1) left,  (2) r ight ,  (3) r ight ,  (4) left,  
(5) left,  (6) r ight ,  (7) r ight ,  (8) left,  (9) 
left,  (10) r ight .  

The  procedure,  instruct ions,  and advice  to 
the observer  were not a lways  literally as ju s t  
nutlined. In practice it becomes almost  iua- 
oossib.le to t rea t  every  observer  e.rc~ct[v alike, 
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Results  of the  Tests 
The results of  the tests are pre- 

sented in Table I which shows the 
number of correct answers in ten 
trials  for the several differences 
used in making  the tests.  In consid- 
er ing these results  the fo l lowing re- 
marks should be noted: 

1. Owing to lack of t ime the 
data are not as complete as could 
be desired. Each observer should 
be tested a number of t imes at each 
of several differences beg inn ing  
wi th  larger and working  to smaller 
differences unti l  the difference be- 
comes so small that  the observer's 
answers  indicate his inabi l i ty  to 
perceive it. 

2. The score 10 indicates that  
the difference in question was per- 
ceived with practical certainty.  
(The observer can report  it correct-  
ly, provided he trust  his vision i.e., 
provided he answer  in accord wi th  
his sl ightest  suspicion of differ- 
ence even i f  ve ry  doubt ful . )  

3. Of course, even one incorrect 

answer in the 10 trials shows that  
the observer is somewhat  less than 
"certain" about the difference. On 
the other hand we have no guar- 
antee that  he would answer correct- 
ly 100 t imes  in 100 s imply  because 
he answered correctly 10 t imes  in 
10. It is, however,  not l ikely that he 
would answer correctly much less 
than 90 t imes  in 100. In compar- 
ing different individuals  on the 
basis of only 10 trials  we are hard- 
ly justified in d i s t ingu i sh ing  be- 
tween those who score 9 and those 
who score 10. In default  of more 
extensive  data, we may say that a 
score of 9 or 10 indicates "prac- 
tical certainty." 

4. The score 5 indicates that he 
can perceive the difference just  as 
well as a blind man. In other 
words, by f l ipping coins or throw- 
ing dice, he should get  the cor- 
rect answer about 5 t imes out of 10 
without  looking into the color com- 
parator. (Cf.  results for zero red 
difference in Table 2 and in foot-  
note 6.) 

I t  is believed, however, that the wrocedure 
ac, tually followed i~1 all cases was such as 
to lead to the same results as would be found 
by the procedure that has been described. 

Only two observers (No. 6 at Mem!0his and 
Dr. Gibscn in Washington)  have insisted on 
report ing "matched"  in some cases. On read- 
ing  the MS of this paper, Dr. Gibson states 
that, according to his memory, the tests in his 
case (Tables 1 and 2) were not governed by 
the instructions outlined here. In  particular.  
he says, his reI;orts were ~tot based on a priori 
knowledge that  the difference glass was ac- 
tually in all cases on one side or the other 
but  were, in effect, based on the assumption 
that  i t  might  be cn ~with,er side, in which case 
"matched"  would be a legitimate answer. I t  
should also be recalled that nearly all ob- 
servers actually are s t rongly inclined to report 
"matched"  for differences less than 0, 3R; 
and would readily do so in many cases if  not 
required to report " r i gh t "  or " l e f t . "  How- 
ever. a careful repetition of the tests, Decem 
bet  27, 1927. without allowing the answer 
"matched"  to be made, gives results for Dr. 
Gibson in complete accord with the "F ic t iona l  
Fraction Correct" given for him in the last 
column of Table 2. The results of these new 
tests (December 27, 1927). the determination 
for each difference being based on 20 trials.  
are as follows: 

Clock Time 

" o ~ "~ ~ ~.~ 

0.495 1.00 0.50 l l : 1 6 a . m .  11:20a.m.  4 
0.296 1.00 0.50 11:26 11:30 4 
~'.185 0.8.5 0.65 11:31 11:46 15 
0.104 0.80 0.60 11:49 12:13p.m.  24 
0.'000 0.35 0.45 12:16 p.m. 12:32 16 

The following part iculars concerning these 
tests of December 27 should also be noted: 

(1) The order of presentation was not that 
given in the beginning of this feotnote, but  
was in each case determined by chance, subject 
to the condition that tho number of presenta- 
tions on the left  eoual the number on the right. 

(2) The observer says he felt  no greater  
difficulty in making decisions for the zerc~ 
difference than for the difference 0.104. He 
was not aware that the test was being made 
for zero difference but suppesed that  a very 
small difference (less than he could perceive 
with certainty) was being used in the test. 

(3) The "elapsed t ime" in making the 
answers is significant as indicat ing the ob- 
server 's  greater hesitation in deciding for the 
smaller differences. 

(This  footnote will be better understood af te r  
reading the next section of the paper on "Re- 
suits of the Tes ts ." )  
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Fig.  1. Tes t ing  the A b i l i t y  to Perce ive  Sma l l  Di f ferences  in Lovibond Red  

The observer, looking into the Mar t ens  photometer ,  sees a circular field 
divided by a ver t ica l  d iameter .  Bo th  halves  of the field are i l lumina ted  by 
day l igh t  t r a n s m i t t e d  by the m i l k  glass, the two halves  being i l lumina ted  re- 
spect ive ly  by d i f ferent  par t s  of the mi lk  glass. The Lov ibond  combinat ion 
35Y 7.6R, being placed p e r m a n e n t l y  be tween the observer 's  eye and the pho- 
tometer ,  de termines  the color of  both halves of  the field. The di f ference glass 
(e.g. OAR, O.2R, or 0.3R) is inser ted  between the milk. glass and the photo- 
m e t e r  by the conductor  of the exper imen t  so as to af fect  the color of one hal f  
only, which  may  be ei ther  the r igh t  or the le f t  at  the opt ion of  the conductor 
of the exper iment .  In any  one set  o f  answers  the di f ference glass is actual ly  
placed on the r igh t  as m a n y  t imes as on the lef t ,  but  in an order u n k n o w n  to 
the observer. The observer  has no means  of knowing  on which  side i t  has been 
placed except  by his abi l i ty  ~o perceive hue dif ferences.  He matches  brill iance 
(by turn ing  the circle, C, which  rota tes  the nicol pr i sm of the Mar tens  pho- 
tometer )  and indicates  the side on which  he believes the di f ference glass to be, 
by say ing  " r igh t "  or " le f t . "  The conductor  lceeps a score of correct and in- 

correct  answers .  

5. Any score above 5 i n d i c a t e s  
tha t  p r o b a b l y  the observer 's  color 
sense had s o m e t h i n g  to do with de~ 
t e rmin ing  his answers,  but  obvious- 
ly a score of 6 is, in practice, not 
of grea t  significance. Wi th  "good 
luck" a bl ind man  m i g h t  guess 
r igh t  6 t imes out of 10. His most  
probable score is 5, but  his chance 
of scoring 4 or 6 is almost as great.  
(See t abu la r  values j u s t  below.) 

However, the bl ind man ' s  chance to 
guess correctly 10 t imes out of 10 
is less than  1 in 1000. The sig- 
nificance of the scores in general  
is best  made clear by consider ing 
the "bl ind man ' s  chance" of mak- 
ing them, i.e., the probabi l i ty  of 
ob ta in ing  these scores by pure 
chance wi thout  the aid of the color 
sense. These probabi l i t ies  are ap-  
p r o x i m a t e l y  as follows: 
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Score . . . . . . . . . . . . . . . . . .  

Probability of score. 

0 1 2 3 4 5 6 7 8 9 10 

1 1 4 12 20 25 20 12 4 1 1 
1000 100 100 100 100 100 100 100 100 100 1000 

The probabi l i ty  tha t  the "blind 
man ' s  score" be 4, 5, or 6 is 66/100 
and the probabi l i ty  tha t  it be 3, 4, 
5, 6, or 7 is 89/100. The probabil-  
i ty tha t  it  be more than  5 is about 
38/100. The probabi l i ty  tha t  i t  be 
more than  6 is about 16/100. The 
probabi l i ty  tha t  it  be more than  7 
is only about  5 /100;  more than  8, 
1/100. The observer who has an- 
swered correctly 10 t imes in 10 
t r ia ls  has done something which 
can be expected by chance only 
about  once in a thousand times. I f  
he repeats th is  performance  (i.e., 
answers  correctly 20 t imes in a 
total of 20 t r ia ls)  he has done some- 
th ing  which can be expected by 
chance only about  once in 1,000,- 
000 t imes.  

6. For  purposes of comparison, 
there  is subjoined to Table 1 data 
on other normal  observers obtained 
at the Bureau  of S tandards ;  and 
these data  are shown in detail in  
Table 2. 

Before beg inn ing  the tests  the 
observer was first coached by te l l ing 
him the t rue  posit ion so as to fix 
his cr i ter ion for  the difference to be 
observed. Also, coaching and prac- 
tice in te rvened between successive 
t r ia ls  as indicated in the table. The 
observer  was very hes i t an t  in de- 
ciding,  but  never answered "match-  
ed." He was most confident of the  
correctness of some of the  wrong 
answers.  He also expressed the 
opinion that  his sens ib i l i ty  was 
changing  dur ing  the exper iment .  
I t  appears f rom these data tha t  
the difference in Lovibond red at  
35 yellow 7.6 red mus t  b e m o r e  t h a n  
3 un i t s  in order to be perceived 
wi th  cer ta in ty  by this  observer,  
when the br igh tness  difference has 
been el iminated.  

This  observer is not  an oil chem- 
ist and not engaged in the use of 
Lovibond glasses;  bu t  the data are 
impor t an t  as showing the uncer-  
t a i n t y  of Lovibond matches by an  

TABLE 3 
Difference Total Number 

in Number of 
Hour Lovihond of Correct 
A.M. Red Units Trials Answers 
9:15 1.2 20 14 

(Coaching and practice intervened) 
9:30 1.2 20 16 

(More coaching and practice) 
9:40 3.1 20 19 

(More coaching and practice) 
10:00 1.2 20 15 

Number 
of Number 

Incorrect Called Fraction 
Answers "Match" Correct 

6 0 0.70 

4 0 0.80 

1 0 0.95 

5 0 0.75 

7. Data  on an anomalous t r i -  
chromat  of the extreme deuter-  
anomalous type are shown in  Table 
3. These data were obtained at  the 
Bureau  of Standards ,  May 13, 1927 
in the same way as the data shown 
in Table 2. 

observer  of this  type. One of the 
oil chemists  (No. 29) is also an~ 
anomalous  t r ichromat ,  bu t  of t he  
protanomalous  type. 

Conclus ions  
The following conclusions are 
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d rawn from the data  presented 
above. 

1. A difference of 0.1 R at 35Y 
7.6R (about 0.1 mi l l imicron in dom- 
i nan t  wave length)  is perceived 
wi th  certainty  by only very few ex- 
ceptional observers. Of all our ob- 
servers,  only one (D. B. Judd, Bu- 
reau of S tandards)  so fa r  has a 
perfect  score in repor t ing  this  dif- 
ference correctly. He has reported 
it  correctly 20 t imes out of 20 in 
each of two sets of 20 tr ials .  (The 
chance of such a per formance  by 
accident is less than  one in a mil- 
lion mill ion.)  None of the oil 
chemists was tested at  this  small 
difference. However, of 17 who 
were tested at a difference of 0.16 
R, only 2 made perfect  scores; and, 
of 26 who were tested at a differ- 
ence of 0.27 R, only 8 made perfect  
scores. 

Nevertheless,  the difference of 
0.1 R is perceptible in  the sense that  
it does affect the resul t  in the aver- 
age. I f  this difference had no ef- 
fect in de te rmin ing  the observer 's  
answers,  then in a large number  of 
answers  we should expect about  an 
even division between correct and 
incorrect.  In  deal ing with a num-  
ber of observers, we should expect 
about  as many  to score below 50% 
correct  as above 50% correct. Con- 
sider the data in Table 2 f rom this  
point  of view. For  the difference 
of about 0.1 R we have seven cases 
on the basis of 20 answers  in one 
setJ  Note tha t  in each and every 
case the percentage of correct an- 
swers is not merely grea te r  than  50 
but  is indeed grea ter  than  60; and, 
wi th  only one exception, g rea te r  
than  70. The chance of the per- 
centage of correct  answers  being 
g rea te r  than  60 in  one such case 

Two sets each for Judd and Gibson and 
one set each for Riley, Brown, and Walker.  
considering Miss Walker ' s  two sets of ten as 
one set of 20 for convenience in computing. 

"by accident" is about  13 in  100 
(or, more accurately,  0.1316). The 
chance of it  be ing greater  t han  60 
in all of the seven cases is s less than  
7 in 10,000,000. Since, in some of 
these cases, the percentage correct 
is still greater ,  the chance of the 
answers occurr ing by accident  as 
they actually did occur is even less 
than these computat ions indicate. 
In  the o rd inary  usage of language  
and in so fa r  as it  is usual or useful  
to make a d is t inct ion between doubt 
and cer ta inty,  this  is equivalent  
to saying tha t  i t  is "certain" tha t  
this  d i s t r ibu t ion  of answers is not 
due to chance. The t r ia ls  with 
"zero" difference in red (Cf. Table 
2 and par t icu la r ly  the note to that  
table) show tha t  the percentage of 
correct answers  is in fact a fa i r  
approximat ion to what  would be 
expected to resul t  f rom chance dis- 
t r ibu t ion  according to the theory of 
probabi l i ty  a s suming  the answer  
"left" to be j u s t  as probable as the 
answer  " r ight , "  in each trial .  Con- 
sequently, it appears cer ta in  tha t  
the wide depar ture  from chance dis- 
t r ibu t ion  which occurs when the 
0.1 R glass is subs t i tu ted  for  the 
zero glass (all other condit ions re- 
ma in ing  the same) must  be due to 
the color difference occasioned by 
the 0.1 R glass. 

2. For  a difference of 0.27 R 
(about 0.33 mil l imicron in domi- 
nan t  wave l eng th) ,  we find the per- 
ceptibi l i ty notably  higher.  E igh t  
out of 2 6  oil chemists  tested an- 
swered correctly 10 t imes in  10 
tr ials  (See Column 6 of Table 1). 
Eighteen scored 9 or 10; tha t  is, 
they perceived the difference with 
practical cer ta in ty .  Only one scored 
less than  6. In  a total  of 30 tests  
(on 26 observers)  only one score 
was less than  6. The significance 
of these resul ts  as indica t ing  the 

s Coml)uted as (0.1316) 7. 
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percept ibi l i ty  of this  difference is 
emphasized by consider ing  the fol- 
lowing probabil i t ies .  The chance of 
each and every one of 8 separate 
scores being 10 by accident is 
much less than  1 in 1024 . The 
chance of each and every one of 18 
separate scores being 9 or 10 by ac- 
cident is less than  4 in 10 ~. The 
chance of each and every one of 29 
separate scores being more than  5 
is but  little more than  5 in 10 '~. 
The evidence that  this  difference 
(0.27R) is perceptible in the sense 
that  its presence affects the an- 
swers to a notable extent  is over- 
whelming. On the other hand, it  
must  be admit ted  tha t  t h e r e  are 
many individuals  to whom it is not 
perceptible with certainty; more- 
over we would not  be justified in 
classing these individuals  as abnor-  
mal. 

3. A selected group of about 19 
of the men tested at Memphis per- 
ceive a difference of 0.3 R with 
practical  ce r t a in ty2  

4. Al though they have not actu- 
ally been tested at  a difference of 
0.1 R, it  appears  likely ( f rom the 
other tests)  tha t  about  one th i rd  
of the oil chemists  already tested 
could detect wi th  pract ical  cer ta in-  
ty  1~ a red difference as small as 0.1 
R at 35 yellow 7.6 red. 

5. Four  of the oil chemists test-  
ed appear to be unable  to dis t in-  
guish  with ce r t a in ty  differences as 
grea t  as 0.5 R at 35 yellow 7.6 red, 

~ T h a t  is, their  scores a re  9 o1" 10 in tbis test. 

so Tha t  is, by the test here described,  would 
score 9 or 10. 

11 Th i s  observer  states that  he is not act ively 
engaged in color g r ad ing  oils, and  has not 
been concerned with this work for some years 
I)ast. 

and one (No. 29) is unce r t a in  about 
differences as grea t  as 10 units .  ~' 

I n d i v i d u a l  Repor ts  

For  obvious reasons individuals  
among the oil chemists  have been 
designated only by number  in this  
report .  

Each individual  tested will be 
pr ivate ly  advised of his own score 
in the tests reported in this  paper, 
but  obviously the author is not will- 
ing to communicate the results for 
named individuals to others than 
the person to whom they refer. All 
persons are requested to refrain 
from asking for the scores of others 
than themselves. 

R e c o m m e n d a t i o n s  

In  the l ight  of the experience and 
p re l iminary  data gained in these ex- 
per iments  the following recom- 
mendat ions  are made:  

1. The tests  should be repeated 
in  a more systematic  way and un- 
der s t andard  cons tant  artificial ddy- 
l ight  i l luminat ion,  including the 
present  observers and all other 
members  of the Society who are 
engaged in color g rad ing  oils. For  
each observer,  the tests should be 
made for each of the following red 
differences in the order g iven:  0.5, 
0.3, 0.2, 0.1. 

2. When the data so obtained 
are available, it  is suggested tha t  
the Society should, in the l ight  of 
these data, set a s t andard  of per- 
formance  for those to be charged 
wi th  the duty  of color g rad ing  oil. 

Bureau of Standards, Washington, 
May-December 1927. 

Revised, March 5, 1928. 


