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C0:'FARI30?T AI'D 2VAITATI0N OF 
A'"ERICAff OFTICAI CC.  FSEJDC-IJDCKHCOTIC FLATIS 

FIRST A?'D J".C0:'D ZDITI0:?3 

The first and secend editions of the 
American Optical Company's "Fseudo-Isochrcmatic 
Flates for Testing Color perception" were ad- 
ministered to 20C men at the Amphibious Train- 
ing Cojnmand, Naval Operating 3ase, Norfolk, 
Virginia.    Seven individuals failed to meet the 
present s tan dare • of color .rerception by use of 
the first editioi   and 45 would have been dis~ 
cualified accord!. 2 to the tentative standard 
established for the seconc edition. 

The data are analyzed and reco/amenda- 
tions designed to make the secend  edition more 
accurate and easy to administer are made. 
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INTRODUCTION 

A second edition of the American Optical Company's 
"Fseudo-Isochromatic Flates for Testing Color Ferception" has 
been prepared.    Among the changes made in this edition are the 
placing of two demonstration plates at the beginning followed 
by thirty-six testing plate * each mounted on a single page and 
arranged in nine groups containing four plates each. 

The purpose of this paper is to present the results 
of a comparison and evaluation of the second edition, with the 
first edition of these plates new in general use by the U.  5. 
Navy.     Answers were sought to the following questions: 

1. Do personnel showing hesitancy or difficulty 
with the ciri tests show similar hesitancy with 
the new test? 

2. Are known color-weak persons detected? 
3. Are these new tests harder zz me.'.-.crize? 
4. Is the new edition easier or harder to  administer? 

rnoczvjnz 

Two hundred individuals at the Amphibious Training 
Command,  Naval Operating 3ase, Norfolk,  Virginia,  served as sub- 
jects.    The group was composed of 10 officers and 13C enlisted 
men.    AH were selected at random, and each was examined pri- 
vately and uniformly by the principal investigator. 

The directions accompanying the second  edition specify 
that  "Illumination should be either clear daylight or by means 
of artificial white light".    In order to test the effect of 
illumination, individuals were divided arbitrarily into two 
ecual groups.    The first grc up of one hundred subjects was ex- 
amined under a Daylight Fluc.sscent lamp (Dazar type).    The 
second group of one- hundred was examined under north daylight 
illumination. 
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All of the test plates wer«  displayed at a fiistanee 
cf two tc throe feet  free, the- eyes of the subjectst who were 
directed to read them withir. three to four  seconds*    Each man 
was also instructed tc ati<- pt to fellow the same rate of 
speed in scanning each edit. *n.    In order to determine the 
amount  of hesitancy encounii. -d, meas^ireisent was made of the 
time required for each of H£  individuals tc read each set of 
plates. 

In every instance the cca.pl et 3 set of plates in the 
first edition was shown.,  fallowed at once by the complete set 
r:f plates  in the second edition., and tne responses were r«~ 
corded.    This procedure was net modified,  since it was soon 
discovered tnat the arrangement and ordor of plates of the two 
editions wore varied sufficiently to avoid boredom of subjects 
and apparently obviate the learning factor. 

HESUXT3 

The total number of errors  for «ach of the thirty- 
six plates in the second edition, made by two hundred men, are 
presented in Figure 1. Cn.- plate, No. 2$,  was miscalled by 
156 subjects. Zh  of the pistes were read incorrectly by less 
than 20 persons.  It i3 evident ti*at some rlatcs presented far 
greater difficulty than others for the 20C men tested, end that 
the second edition docs  not spread th« errors evenly among 
groups of plates. 

Individual Scores 

Tentative standards for the second edition are as 
follows: 

(a) Enlisted personnel: read correctly not less 
than two (2)  plates of each color group. 

(b) Commissioned or warrant officer personnel, 
including nurses, candidates for the U. S. 
Naval Academy, and candidates for fcaval Avia- 
tion or Aviation Filet:  read correctly not 
less than tnree (3) plates of each color group. 

Table 1 lists the subjects who failed to meet these standards, 
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TABLE ONE 
SUBJECTS 'THO FAILED A.   C.   FSEUD0-I30CKRC*UTIC 

FLAT35 SECOND EDITION 

Subject No. Flates Failed •^rz'iv ?;o. 
Second First 

Mo. Rank or Rate Edition Edition 

• *« Lieut» 33 41 
12 Lieut. 32 37 
44 Li-=ut. 29 29 
11 Lt.CcI(HE) 27 30 

180 Fh?Oc 25 14 
192 cm 25 14 
122 PhM2c 20 15 
101 S2c 17 17 
116 (Enl) 16 14 
107 Sic 10 2 
110 Phi :2c 10 3 
128 3t2c 10 U 

58 CSC 9 6 
81 Ensign 9 0 

151 S2c 9 9 
17 Lieut. 8 4 

114 Lieut. g 2 
153 KAlc 7 5 
158 HAlc 7 1 
199 HAlc 7 4 

10 Lt.Cocdr. 6 0 
164 Comdr. 6 1 
174 Lieut. 5 2 
39 KAlc 5 1 
49 Lieut. 5 0 
56 Y2c 5 4 
57 Ensign 5 ti. 

167 Comdr. 4 2 
8 tt.(jg) 4 0 

48 Ensign 4 1 
72 Y3c 4 0 
74 Lt.Coxndr. 4 0 
77 Lieut. 4 ^ 
80 Ensign. 4 0 

139 Lieut. 4 1 
19 C.Fhara. 4 1 

165 Conrfr» 3 ü 
4 Lt.Corrrir. 3 0 

21 Lt.Corxir. 3 3 
35 Lt.(jg) 3 <'. 
45 Lie ut, .3 -1 

60 Coradr. 3 r- 
183 Lieut. ^ 

-j v.: 
1 Lieut.. 2 1 

26 Ensign 2 i. 

4 
2 3 4 5 c 7 £ 9 
2 3 4 c -^ 6 7 s 9 
2 3 4 5 A 7 n o 

2 4 5 6 7 £; 9 
2 4 5 6 7 8 9 
2 5 6 s 9 
2 6 8 
2 4 5 

o 
6 

6 
6 
6 

6 
6     7 

Total No.  Subjects Failed r 45 4 30     7    13    20 



From Table 1 it is apparent that 45 individuals 
failed to meet the prescribed standards. It is worthy cf note 
that only personnel with the nicest incidence cf errors failed 
groups two (2) and five (5). Only one individual failed group 
one (i), and the subjects missed groups six (6) and nine (9) 
with the greatest frecuency. 

Comparison of First and Second Editions 

It is interesting to note from Table 1 that both 
editions select the same 9 individuals who have greatest diffi- 
culty in reading the plates correctly. At this point the pre- 
sent standards prescribed for the first edition may be statvd(l) 

(a) Applicants for enlistment in thy Kavy and Naval 
Reserve except in classes V-l, 7-5, and V-7: 
correctly recognize only one plate in each of 
the three color groups, represented by plates 
1, 2, 3, 4 (numbers 89, 43, 56, 27), by plates 
7, 8, 9, 1C, 13, 14 (numbers 39, 42, 56, 27, £6, 
75), and by plates 17, IS, 19, 2C (numbers 25, 
6S, 97, 34). 

(b) Applicants for co^jnission, for duties involving 
flying and for classes V-i, 7-5, and V-7 must 
read all plates correctly, but the following 
interpretation shall be accepted as satisfactory: 

Flate        Acceptable Response 

2 43 or 4-6 
7 39 or 69 

14 75 or 76 
22 34 or S4 
2S 43 or 4ß 
30 75 or 25 
33 No number or 45 
34 No number or 73 
36 394 or 894 

(T) Bureau of ?'edicine and Surgery Circular Letter F2"-5/r3-l " 
(103); Alt/brf; September 25, 1942.  '»Froper Interpretation of 
Ns>T Color Vision Tests."  
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7A3LZ TIC 

CORRESPONDING FLATE3 OF FIRST AND SSCCtT EDITION 
COMPARED FOR RELATIVE DIFFICULTY 

Corresponding Number o:  Failures N> ur.Her of Fail-ores 
jlate Numbers Per Fkte For ( ^ responding Plate: 
second        First Second Fir^t " £: to Editions 
-•Sit ion    Edition  Edition Edition 

1 1 

2 2 
3 3 
4 4 

5 
^ 6 
"7 11 
£ 12 
9 14 

10 10 
11 S 
12 9 

17 
14 18 
15 21 
16 22 
17 19 
IS 20 
19 42 
20 41 
21 23 
22 24 
0"3 2? 
24 29 
25 31 
26 32 
27 37 
28 38 
29 39 
30 40 
31 43 
32 44 
33 35 
34 36 
35 33 
36 34 

4 5 0 
23 3 1 
11 0 
14 1 
7 3 3 

10 4 4 
11 10 7 
12 5 4 
3 24 3 
2 5 2 
3 9 3 
6 3 2 
7 15 4 

14 14 4 
9 3 6 

71 1-- 5 
8 11 7 

12 19 12 
15 20 13 

3 4 3 
55 3 6 
16 13 6 
61 9 9 
92 15 11 

4 21 3 
11 0 0 

8 15 5 
158 !•> IS 

54 
28 

4 

28 
8 

3 ;« 3 
21 36 9 

3 
42 M ? 
42 26 
46 29 24 
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Hesitancy in Reading 

In a further consideration of the two editions 
with respect to their comparative difficulty, the interval of 
time reouired for 1S8 subjects to scan each edition is shown 
in Table 3. 

Table Three 

Comparison of Hesitancy for Each Edition 

Reouired longer time for first edition (^6 plates) 110 
••     "    "  " second  "   (3b plates)  78 

Total   ICS 

Relative Ease of Memorization 

Some individuals were interrogated for their subjective 
impressions of the relative difficulty in the motorization of 
each of the two editions; the opinions cf 83 men are shown in 
Table U. 

Table Four 

Considered first edition more difficult to memorize 39 
"    second  »    "     "     »   «    Uh 

Total    63 

Ease of Administration 

Seven Medical Officers who took the test were Questioned 
regarding the relative ease of administration of the two editions. 
The results are shown in Table 5« 

Table Five 

Number of Nedical Officers considering 
first edition easier to administer 1 

l,?umber of liedical Officers considering 
second edition easier to administer 6 

Total     7 
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TABLE. SIX 

SFFXT c? iixtyjKATioN 
IN CA3ZS MAKING INCCRH2C7 RSSFONSi 

Second Edition 
Flat« dumber 

No. Errors Under 
Artificial Daylight 

2 8 
3 1 
4 0 
5 4 
6 5 
7 5 
8 5 
9 3 

10 2 
11 3 
12 4 
13 5 
U £ 

-O t 

16 35 
1 7 f 
J- . u. 

IS 5 
19 ry 

20 3 
-~-> 
<:J. 27 
22 10 

27 
21 43 
25 3 
26 7 
2? 6 
28 74 
29 25 
30 11 
31 "A 

32 9 
33 3 
it 10 
35 15 
36 17 

Total s             403 

Aver a 5*              11.2 

No.  Errors Under Total No. 
Daylight Errors 

2 4 
15 23 
0 1 
1 1 
3 7 
5 10 
6 11 
7 12 
0 3 
C 2 
0 3 
2 • 

0 
< 7 
A 14 

> 0 

-JO 71 
4 S 
7 12 
c 15 
u 3 

25 55 
c 16 

->4 61 
•\o 92 

i. 4 
4 11 
2 8 

£4 158 
2o 54 
17 28 

"• 3 
12 21 

1 4 
32 42 
?T 42 
29 46 

464 m 
12 o 24.1 



DI3CU 3.51 CK 

From the results cf the present experiment,  in which 
two editions of the American Optical Company's plates were used, 
certain observations may be mack. 

The Fseudo-Isochromatie Type cf Test 

The two editions of the American Optical Company's 
Fseudo~I so chromatic Plates are designed tc detect normal and 
weak color perception.     That this objective is not achieved 
fully by €he first edition is ^tzrgested by a report (2) which 
states that "The A«  C test as generally acfainistered and inter* 
preted in the Navy,  is concluded to be unreliable and largely 
inefficient as a test for color vision'''. 

In the opinion of the writer,  some desirable attributes 
for a pseudo-isochromatie test for color vision are: 

(1)    Selective,  relatively brief, and easy to administer. 
£2)    Composed of test-characters least liable to  be confusing. 
(3)    Arranged in some  order of difficulty. 
(k)    Carable of interpretation in ordur to indicate some type 

of classification of color defects. 

7ith the foregoing points  in mind, the data from the experiment 
are considered. 

Responses to Pseudo-isochromatie Flates 

A study of the raw data shows that when the A.  0.   Fseudo- 
Isochromatic color test is aclninistered to a group of individuals, 
four types of responses arc encountered.    These are: 

(2)  "A Study ©f I'ethods Used in Administering Fseudo-Isochromatic 
T»-st Plates for Color Vision''.     (Color Vision Report No,  3> 
Medical Research Laboratory, U.  S.  Submarine 3ase, New London, 
Conn.,  1%3.) 
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(1) A statement that no number or pattern can bo identified. 
(2) An incorrect number interpreted, 
(3) Flates with alternative readings interpreted in either 

of the two possible ways, or a combination of these, 
(4) Flates interpreted correctly. 

Reference to the data presented in Figure One would 
appear to indicate that certain plates of the second edition 
elicit more incorrect responses than others.  Table 6A summarises 
the plates of the second edition on which the nicest incidence 
of errors was made. In this respect plate No. 28  is outstanding. 
While it was miscalled by 158 subjects who made 16 different types 
of response, a plate of closely similar type, No. 27, was mis- 
called by only 8 subjects» (Not listed in Table 6A) 

Table 6A 

Flates of Second Edition on V/hich 
Highest Incidence of Errors "fas Kade 

No. of Types 
of Incorrect 
Responses 

16 
ex 

6 
13 
10 
9 
s 

1 

From the results obtained by the other test-items 
of the second edition,  and in view oi the variety of responses 
to almost all of the above plates,  it is probable that the nine 
plates listed in Table 6A are misinterpreted too frequently to be 
considered as of diagnostic value. 

Second No Men i'aking 
Edition Incorrect or No 
Plate No. Response 

26 15S 
2L 92 
16 71 
23 61 
21 56 
29 54 
36 46 
35 42 
34 42 
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This view is reinforced by the fact that if the nine 
plates enumerated above were eliminated fron the second  edition, 
the result would be a more consistent group of scores (See 
Figure 1). 

TEST-CRITSRIA 

The method of scoring the results ol tests using the 
second edition, as Quoted previously, permits an individual to 
miscall or^ or two plates in each group of four,  for officer 
and enlisted personnel  respectively.    Hence a high incidence 
of errors for one plate in any group may not be a serious dis- 
advantage of the  second edition» 

It is only when two or more plates in any one group 
are among those miscalled frequently, that difficulties arise 
in the detection of normal or weak color perception. ' Thus, 
when the nine groups of testing plates are considered in the 
light of data presented in Figure 1 and Table 1, it arpears 
that groups six and nine are notable as being responsible for 
a relatively large number of failures.     Because each of these 
two groups contain three of the plates which are miscalled 
freouently,  they are missed by 42 of the 45 subjects who iailed 
and include commissioned and enlisted personnel in a ratio of 
about 2 to 1.    This incidence of 22.5% failing for the whole 
group of 200 subjects is excessive when compared with the re- 
sults of other color vision studies of personnel of the U.  S. 
Navy.    Accordingly,  it is  felt that such a result is an unfavor- 
able reflection on the tentative criteria prescribed for normal 
versus weak color perception,  if the present test-items are 
unchanged. 

This consideration leads to an evaluation of criteria 
of what constitutes normal color perception.    It is a weakness 
of this experiment that one edition of pseudo-isochromatic plates 
is used in order to validate another edition of such plates.     It 
is for this reason that Table 2 and Figure 3 have been formulated. 
In those presentations the performance on corresponding plates 
of the two editions are shown.    T.-.o^c pl^t-s which show the high- 
est incidence of identical performance by individuals have been 
summarized in Table 7 below. 
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Table Seven 

Plates '.vith Highest. Incidence of 
Corresponding Individual Failures 

Flate No.  in 
Second Edition 

Plate No.  in 
First Edition 

Total number of subjects 
whose failures correspond 
for 1st and 2nd editions. 

29 
35 
36 
2£ 
19 
IE 
24 

39 
33 
34 
3e 
42 
2C 
29 

26 
26 
24 
IS 
13 
12 
i - 

Five of these seven plates of th:  second edi^ien have 
been cited previously as being ncn-sel^ctivv.     It appears ti.at 
plates of the first edition corresponding to thvse ~ari-:.--:c  of 
the same faults.    This process of -.J-imination leaves plates   -19 
and ,/iS of the second edition and th--ir approximate counterparts 
in the  first edition,  as being both comp = rabi3 ar.d solccei^.. 

»v 13 aac  17. The two plates in ouestio:: wer 
subjects respectively', which indicates on the  .sole basis  c-f com- 
parative performance in both  editions,   that either 13 cr 12  sub- 
jects in the group of 200 are color deficient.    On the  basis of 
the standards set up for use with the first edition,  suven sub- 
jects, all commissioned,  fail to m^et the requirements for color 
perception. 

Reference to Table 1 shows that the 12 men who made 
the greatest number of errors failed 1C plates or more.    This 
score gives a cut-off corresponding with the data presented in 
Figure 2,  which  appears to indicate  ? natural division at  the 
level of about ten errors. 
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From the above corfiaerations,  a pass-fail criterion, 
on the basis of total number of plates miscalled in the second 
edition,  is more indicative of normal or weak color perception 
then a criterion based on the number cf groups cf plates failed. 
The result cf this modification cf the criteria prescribed tenta- 
tively for the second edition would reJ»"-*r- The number cf failure« 
from 45 to a much lever number.     Fossile ci-v f; scores  and the 
percentage of failures which  would resu.it  irom the data of the 
present  experiment.,  are shown in Table £. 

Table Eight 

Allowable No. of Errors    Resulting %  of Failures 

0 °5. 
1-2 66.5 
2 - i«. 26.5 
5 - 6 12.5 
7-9 c 5 

xU — 14 ti. > 

15 - 19 • • 2 

20 or more -; 

r-rations b as-: c cr + *•".-• prf ?r >' r-   -p 's^: -rh  appear 
*"o ""•-'• nit nc s ̂ L\ «set, r.=." r ~V ""   '. - i .'.!-•:  or rate, 

o w.   i r i c rs, v*z - .Id  er sure "..._.  i."-. -.:". :   lor \veak 
'",*..- v c.   *.»? t. JS^ f •   i* 0 " " ~ats ::•' . r.pulation 
personnel . i nc £ ST.:. ,.... . . r: ~r.  -.-'-•_- .- ~c  the 

:i~.   .-• '-h ti- o f J. rs* ..  ecu t i..: '. ;•'._ ; :  .- .1 _n the 

to suggest that 
to make mere th ~* 
persons ar = do: 
composed ?f Mavy rer?- 
resulcs - i  i,e 
identifi^ati^r. cf exactly the same individuals  (in the  present 
experiment) as color weak. 

TEST-ILLUri NATION 

An examination of Table 6 suggests that more errors are 
made when subjects scan the second edition under daylight  illumi- 
nation.    From this it might b-- concluded that daylight  illumina- 
tion is more  selective than   irtificial daylight.    He-examination 
of this table shows that 17 pl'-.t^s arc misinterpreted more fre- 
quently under daylight illumination.     Mine of these have been dis- 
credited previously because they were not selective for  deficient 
color perception.    The remaining 8 plites which were miscalled 
more frequently under actual daylight illumination,  are outweighed 
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numerically by 19 plates which were miscalled by artificial 
daylight illumination.    From ir.e .foregoing it is considered 
that the latter type of illumination is probably more selec- 
tive in th« detection of weak color perception. 

Conclusions: 

From the result of the present experiment in which 
two editions of the American Optical Company's "fseudc—Isochro- 
malic riates  for Testing Color Perception'1 were aoministered 
to 2GC individuals of the U. 3. Navy, tn« following conclusions 
are drawn: 

1. Fersonnel showing: hesitancy or difficulty with the first 
edition showed hesitancy with the second edition. 

2. Known color r.-eak persons ware detected by use of the 
second adition but aone individuals were designated as color- 
weak who passed the requirements for color perception according 
to present Navy standards by the use of the first, edition. 

3. There are indications that the new test is probably more 
difficult to memorize, 

U,    Most o-  the medical officers consulted agree that the new 
edition is decidedly easier to administer. 

><. The second edition shows a greater disparity than the .-ürst 
edition both in the number 01 failures among plates of the same 
group, and among the groups ch-smselvas, 

6.    Artificial daylight illumination gives superior perfor- 
mance in the selection of color weak individuals, 

Recoramendatj- ons: 

Pros the experience gained in the experiment which 
nas b'-en described,  the ic-Hewtr.»  recommendations arc made: 

j.     Nine plates in the second cciticn should ht- eiisiinaicd or 
improved in the interests of di.-cnostic value and ease of 
administration. 

e.   _ 



2. If the present nun»er of plates in the second edition is 
retained, the standard for normal color perception should be 
that no more than ton plats** are misinterpreted. 

3. Recording of the responses to  each plate should be re- 
ouired for record purposes. 

U.    Each plate should be numbered in the index. 

5. Fage edges should bo either "tabbed" or in-cut  so that 
any plate or group of plates  can be found readily without 
th« possibility of error. 

6. Access to any test for color perception used by the U.  3. 
Navy should be restricted to Army and Navy Kedical Officers. 
Otherwise,  the possibility that individuals may have memorized 
any official test will probably restrict its value for the 
Navy, 
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