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CCMPARTSCN AND EVALUATION OF
ANERICAN OPTICAL CO. PSEUDO-ISOCHROMATIC PLATES,
FIRST AND SECCND EDITIONS
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SUMMARY

1. & group of 510 men was examined on American
Optical Company Pseudo-Isochromatic Plates, first and second
editions, for the purpose of comparing the two editions
especially with respect to their effectiveness in distin-
guishing between color-nermal and color-anomalous individuals.

2. The two editions were shovm to be of approximately
equal validity. in detecting defective color vision. The
second edition, even after modification, was found to contain
several plates too difficult for normals. When these were
corrected, the revised secend edition proved to be superior
to both the first and secon. editions in dichotomizing
between normel and anomalous color vision., These resulis
arc summarized in Fig. 1.

3. The tests are effective when scored on the basis
of the number of plates failed (or passed) out of the tctal,
An interpretation based on the number of plates failed {or
passed) in each color group does not effectively segregate
the eolor normal from the color anomalous.

4. The two editions were comnared with respect to the
time necessary to complete the test, and t.e éifference
proved to be negligible.

5. Sixteen men with anomalous color vision attempted
to memorize both editions of the plates. The second editidn
proved. inereasingly more difficult to memorize as the degree
of color deficiency increased. Three scverely defective
color blinds learned the first edition but were unable to
learn the sccond edition.




HISTORY

_ Present physical requirements governing entrance into
the Navy designate the use of American Optical Company Pseudo-
Isochromatic Plates, first edition, for testing color .
perception. It has become increasingly evident, however,
that these plates are not completely effective as a test for
color visidn in the Navy. Conseguently a second edition was
developed, embodying certain changes in composition and
presentation, designed to reduce inaccuracies of screening.
The principal innovations were (1) presentation of a single
plate rather than four at a time, (2) introduction of 2
uniform dot pattern throughout the plates, and (3) replace-
ment of the Germanic numerals of the first edition by block
numerals. In addition, the printers' samples were checked at
the Medical Research Department, U. S. Submarine Base, to
make sure that the colors used were those most readily
confusable by color blinds, The recommendations and colori-
metric specifications are given in detail in Appendix B.

PROBLEM

Upon completion of the second edition, it was desired
to compare the responses of a large population of both
color normel and color anomalous individuals on the two
editions, to ascertain vhether the reliability of screening
had been increased, and whether any further changes might be
indicated tc moke the second edition even more effective.

This evaluation was made under Project No. X~480
{fiv-255~-p), Research Division of the Bureau of Medicine and
Surgery. Opinion was desired on the following questions:

1. Do personnel showing hesitency or difficulty with
the 0ld tests show similiar hesitancy with
_ the new? '
2, Are knowm color we -k persons detected?
3. 4ire the new tests harder to memorize?
4. Ys the new edition easier or harder to administer?




METHOD

A population of 298 men with normal color vision was

tested on the first and second editions of the American Optical

~ Company Pseudo-Isochromatic Plates, the Dimmick Anomaloscope,
the Royal Canadian Navy Color Vision Lantern, and another

anomaloscope and lantern now in the process of development.

No results on thesc latter two instruments are presented in

this study. The criterion of normal color vision was ability

to pass both the Dimmick Anomaloscope and the RCN Lantern.

The testing procedure was as follows: The men were
brought one at a time into a testing room illuminated by
Macbeth daylight lamps, where they were tested first on the

two anomaloscopes. They were then asked to stand upright before
a teble 28 inches high, on which the books containing the first

and second editions of the A0 plates were lying flat. The
average distance from the bock to the eye, as the subject
loocked dovm at the book, was 30 inches, The only instruction
given was "Read the numbers,m The page vas turned as scon as
a response was made, and a maximm of four seconds was per-
mitted on each plate. The order of presentation of the two
editions was systematieally varied, Plates were shown
consecutively through the books, to simplify the testing _
procedure, 411 responscs were recorded, as woll as the time
required to complete the test on sach edition. Following
these readings, the man was token into a derkroom and tested
on the RCON and the experimental lantern. Initial errcrs on
the lanterns were not counted if the man subsequently named
the szme combination correctly.

i group of 112 men, shomm by an earlier battery of tests
4o have defective color vision, were given the above examinaw
tions, and in addition were tested on the Farnsworth Dichoto-
nous Panel, Sixty-six of these men were not tested on the
Royal Canadian Nevy ILontern., '

Preliminary inspection of the data showed that 9 of the
plotes of the second edition were too difficult for normals
to read ecsily; certain changes were therefore made with the
purpose of reduecing the errors cf normals on these plates
without destroying their effectiveness in selecting color
blinds. On 5 plates, thesc changes consisted ef redistri-
bution of the colors with respect to the dot pattern without
&ltering the constituent colors of the plates. On the other
4 plates, color group #6, two colors were changed slightly.
These alterations are deseribed in full in 4prpendix &, 4
group of 100 men with mormal color vision and 66 men with
defective coler vision were tested on this revised second
edition, -



RESULTS

Differentiation between normal and anomalous

The first function of a gecod sereening test for color
vision is to dichotomize clcarly between two classes, normal
and ancmaious, The total error seores for the 512 men tested
have therefore becn plotted on ene graph and are showm in
Figure 1, This figure shows the number cf crrors made by
¢olor nermals and by color blinds on the three types of tests,
The figurcs are so drawn that the areas under all of the curves
shown are equivalent, It is apparent from Figure 1 that the
first edition has not adequatcly diehotomized between the
partinily color blind individual and the normal person with
inadequate perception of the figures. It is 2lso apparent that
the second edition was better after revision. The revised
seeend editien is spparently far superior to the other two,
inasmeh as a cutoff could be made at 8, 9, or 10 errors, and
it could be safely assumed that no person with anomalous color
vision would bs passed. This does not, of course, apply under

" non=~standard testing eondit’ ,ms, ner to individuals who have

had previous experience on the plaotes,

L breakdown of these figures is given in the following
seetions.

Nermals - Difficulty of Individual Plates

The errors mide by normals on the first edition correspond
to the error frequency found in previous experiments on these
pletes, (Ref. 1) ond are listed in Table I. The exrrors made
by the same men en the second edition are of approximately equal
frequency and are shown in complete dectail in Tatle IT.

Normals - Difficulty of Color Groups

The plates are divided into color groups, each of vwhich
has a certein intrinsic difficulty due to the particular colors
used for the group. These color groups nay be ranked in relation
to each cther aeecording to the average number of errors mede on
each group, In caleulation this rank order, each digit was
counted separately. Sinee some digits are miscalled much more
frequently than the ethers in their group, it eould be safely
assumed that sueh errors were the result of configurational,
rother thon eolor, diffieculties; therefore the single most
numcrous error was dropped from the caleulation in each group.
The rank order of diffieulty is consequently based on the
incrcasing average number of crrors on each color group, dis-
counting the onc digit most frequently miseanlled,

Ref. 1. HNew London Subrmari:s Base Color Vision Report #1,
12 Sepdember 1942.
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TABIE I
Total Errors Made by 298 Men with Normel Color Vision
' on the First Edition of the L4-0 Plates
"orrect Nunmber
Plate # " Response of Brrors
1 (89) "0
2 (43) 73
3 (56) : .2
4 (27) 15 _ ,
5 ( 8) .0 _ i
i 6 ( 6) : 0 i
; 7 (39) 139
; 8 (42) 12
i .
j 9 (56) 1
10 (27) 19
P 11 (29) 76
| 12 (57) 40
13 - (86) 1
- 14 73) 47
i 15 { 7) 0
i 16 fg) 0
f 17 (z5) 6
18 (63) 9
15 ( 5) 1
.20 ( 3) 17
21 (97) 8
22 (34) 54 :
23 (56) - 4
24 (27) 26 1
; 27 (89) 4 i
' 28 (43) 109 ]
29 (86) 8 :
30 (75) 81 i
31 (52) 47 ;
32 (96) 0 ]
33 - 68
, 34 - 68 :2
‘ 35 line 0 :
; 36 line 2 ;
37 (052) 1 i
38 (394) 126 5
39 (23) 124 i
40 (65) 71 :
a (15) 0
42 (74) . 10
| 43 (47) 41
; Ll (98) 55
1 L5 [ 17 _
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TABLE II L
Errors on 2nd edition A-0Q plates. 298 men.
Breakdown of errors according to numbers miscalled
(the frequency appears below the numbers)
Correct g ¢ Total Frequency of each i
Response : Errors Errors erroneous response :
) : o . o | |
W3) 15 i L L 48 K9 K6 4- ?
: : 7 5 1 1
(56) i 1 i 3 © 88
S : 3
(21} ¢ o : 0
! @ i o I 1 3
= St
6 ¢ 1 i 3 i 8
: : R
(29) | 6 ¢ 17 . 20 70 79 2
: : .10 3 3 1

(57 © 16 49 i 55 37 35 58 35 85 53 &
: : oo 3_1111

)
o
&
O

75y 1 o i o1 i o

i (Zy i o i o
P w) i o i o i - |
| (56) © 1 i 3 . 58 6 | . i

(25) 5 7 é 20 E 26 28
o e S - |

o8

68) i 7 i 22 i 69 6 58 62 88 63
(900 i 2 i 5 .57 87

¥ (34) 1 4l P 12 | 94 84 54 2% O 64 | ﬂ
: : Pio4 12 3 2 1 1

(5)' E 0 % 1

o
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TABLE II (Continued)

Correct.g % : Total Frequency of each
Response | Errors | Errors erroneous resperise
(3) 2 5 8 5
32
(743 3 10 2% 2
7T 2 1
{15) 0 0
# (56) 40 120 36 35 58 55 x 38 86 3-
47 17 15 12 8 & L4 2
26 39 96 65 55 53 33
1 1 1 1 1 1 1
#(27) 7 20 29 37 x 87 24
7T 7 3 2 1
# (89) 31 83 69 39 59 x 29 88 99 83
' 16 14 i1 9 7 & 6 2
8586 98 27 28 3¢ 43 68 -9
2 2 2 1 1 1 1 1 1
# (86) 53 160 gg 66 x 98 96 36 85 65
59 23 19 ¢ 9 9 & L
56 38 95 83 39 5- 8- b6~
3 3 2 2 2 1 1 1
58 53 '26_ b8 8k
1 1 1 1 1
(52) 1 A 62 63 82
_ 2 1 1
{96) 7 21 98 86 26
157 5 1
(052} 3 10 x =52 062 252 952 O-— -05-
2 = < 1 1 1 1

o e

2 g E e e AR AT

T W SUTUNEEE




B O P P

TABLE II (Concluded)

Correct 5 4 i Total Frequency of eacnh
Response § Errors : Errors : erroneous response
* (394) . 82 - 246 | 894 08, x OOk 304 804
: 103 36 23 1 13 13
694 604 --4 8=4 94 994
10 5 5 5. 3 2
86L 364 2-4 4O -6L 384
2 1 1 1l 1 .l
654 884 O-- 684 564 084
1 1 1 1l it 1
38~
1
* (23) 2% 179 1 28 29 25 x 39 22 38 93
5 {3 221 3 1 1 1 1
26 63
i 1
* (65) 32 o8 66 55 68 85 86 56 88 58
o P30 22 15 8 6 5 4 3
x 35 25
_l 11
(47) 0 0
* (98) 9 28 99 93 96 88 94 95 6~
13 6 L2 1 1 1
{Line) 0 0
(Line) 3 9 x
9
(=) Z R TR Y.
] . 54
(=) 22 1 56 73 23 75 29 78 7
: 39 6 6 2 2z 1
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The order of increasing difficulty by color groups for
each edition based upon the responses of normals, is showm
in Table III. 4 rank order correlation between the two
editions is .81, showing that roughly the same relationships
between the plates exist in both tests. It can also be

" noted from the table that,in general, the plates become

progressively more difficult toward the back of the book,
| TRBLE 111

Order of Difficulty of Color Groups
in Ascending Order

Color | First E Second
Groups : Mdition ; Edition

1
2 ;

3
4

-

QW -aN WO
oW b,

BT,

For the benefit of Services which use a seleection of
plates from the complete edition an evaluation is given in
Lppendix D of the rank order of diagnostic value of the plates
in the Revised Second Edition,

Normels - Distribution of Errors

The average total number of errors made by 298 men
with normal color vision was 4.46 on the first edition, and
L.26 on the second, Figure 2a shows the number of errors
on each bock, These errors yield a product-moment correlation
of ,45. Fig. 2b shows the distribution of 100 men with normel
color vision on the revised seeond edition (Lppendix L) .

Comparison of Scoring Methods

Lis a criterion of normal color vision, we used the
ability to pass both the foyal Canadian Nevy color vision
lantern and the Dimmick an-maloscope. The use of these tests
as a criterion stemmed fror the ambiguity resulting from en
attempt to use the plates themselves cecording Lo the
fcllowing interpretations.
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The responses of all subjects on the second edition of
the fmerican Optical Company plates were analyzed with
respect to the interpretations placed by the Bureau of
Medicine and Surgery upon existing regulations prescribed
for coler vision., .There are two criteria for acceptable
color vision, applying respectively +to officers and
enlisted men: correctly reading (1) not less than 3 plates
in each color group, and (2) not less than 2 plates in each
color group. The responser of the 298 normal subjects on
the Second Edition and 100 normal subjects on the revised
Second Edition, scored in secordance with both of these
criteria, are showm in Figure 3. It is apnarent from the
large number of normels which these criteria weuld reject
that these methods of screening are inaccurate, Out of 298
normal men; 112 would be failed by criterion (1) and 39 by
criterion (2). In the revised second edition, 15 men ouvt of
100 would be faileG by criterion (1) and cne by criterion (2).
Scoring by number of errors made on any coler group rather
than by number of errors made on the whole test is not
valid because of the Tveto-power® given to o single group
of plates over £11 the remaining plates.

2 5 : /
Time Required _—

The time required to complete a test on each edition was
limited by the fact that only 4 seconds were allowed on each
plate. The lower limit of time was similarly set by the
rate at which the experimenter turned the pages. The average
time required to complete the teat was 77 seconds for the
first edition and 75 seconds for the second; the average time
on each plate, however, is larger for the second edition than
for the first, since the former has cnly 36 plates as opposed
to 43.

4 product-moment correlation was run to compare the time
taken by individuals to complete each tests; its mugnitude
of .60 shows that the subjects who hesitated and consequently
tock longer on one edition, gave the sume reaction to the
other. : -

The Phermacist!s Mate who gave the color tests reported .

. that the second edition was slightly harder to administer

because the pages had to be turned for each plate instead
for every fourth plate. If individual plates were shorm in
chance order however the two editions were of approximately
the same ease to administer, '
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Performance of Color Blinds

The population of cclor blinds shown in this study is
dravm from two groups and is not representative of color
blinds in general, but emphasizes the two extremes of _
defactive color vision, The group of color blinds contains
first, thcse cases who appear to be not normel on the
rigorcus examinction for color blindness given at the
Submarine Base. These men have 21l been examined at least
once before, and in many cases have had several previous
examinations, scmetimes as many as five, The second group
of color blinds is drawn fiom an Induction Center at New

aven, Connecticut. These men were judged to be coloer
defective by a very easy cr. ‘erion. Thesc two groups taken
together therefore serve admirably tc show how the two
editions of the fimerican Optical Company plates work on men
with severe and with mild color defects, The errcrs made

by both groups of eolor blinds on each plate are summed, and
the errors on both 2ditions are presented in Table IV, These
errors on the second edition do not inelude the revised
series of that edition., There is cvidence, however, that the
revision would rot have significantly altered the performance
of color blinds on the changed platss. 4 check on this was
made in the study of ceoler blind men selected at the
Induction Center, While all of them failec? 2ll the ravised
pletes before they were revised, they also failed them after
revisicn,

Memcrization

Individuals whose color vision alcone was not adequate
to pess the Navy color vision examination, have nevertheless
succecded in getting into the Navy. One way of accomplishing
this has been tc obtain o cepy of the Navy color vision test,
and memorize it. Three types of cues for memorization which
were present in the first edition were minimized in the
second, making it more difficult for color blinds to learn.
These were (1) the distinctive dot pattern that cach digit
cr group cf digits presents, (2) the extraneous white "riverV
which runs around many of the digits, ~nd (3) the grouping
cf four plates on any single page. The plates in the second
edition are 2ll mnde up of the same dot pattern with
different dots emphasized <7 cclored to form different digits.
For this reason it was assw.:d that the color-blind examinee
would be unable to recognize a plnte by any specific indivi-
ducl dots, for example the patiern in 2 corner. Because of
the unifrrm dot pattern the second edition also elimincted
any clues to the identity of the digit, arising from the
positicn of the dots rather than from the colors,




TABIE IV.

—_

Errors made by 112 men with Color Defcctive Vision
on American Optical Company Pseudo-isochromatic plates
f

First Edition - ~ Second Edition
Plate Corrcet Total Group Corrcect  Total
No, Response Errors No. Response ZErrors
1 (89) 51 1 (89y 63
2 (43) 64, (43) 67
3 (56) 62 (56) 30
4 (27) go | (27) 39
5 (8) '
6 . (6) 99 2 (8) 87
7 (39) 103 ( 6) 102
8 (42) 99 (29) 100
9 (56) 80 (57 112
10 (27) 92 .
11 (29) 112 3 (75) 54,
12 (57) 106 (27) 65
13 (86) 68 (42) 59
1 (75) 103 (56) 86
15 (m 23 ' '
16 ( 9) 32 4 (25) 93
17 (25) - 79 (68) 108
18 (68) 81 . (977 103
19 (5) 103 (34) 109
20 ( 3) 110
21 (97) 87 5 (5) 102
22 (34) 101 (3 104
23 (56) 102 (74,) 100
24, (27)- 106 . (15) 36
27 (89) 109
28 (43) 106 6 (56) 112
29 (86) 109 (27) 112
30 (75) 110 (89) 109
31 (52) 67 (86) 111
32 (96) 3 . '
33 = 87 7 - {52) 102
34 - 92 (96) 103
35 line 89 (052) 106
36 line 106 (394) 110
37 (052) 77
38 (394) 80 8 (23) 112
39 (23) 108 (65) 105
40 (65) 104 - (47 95.
41 (15) 79 (9¢) 111
42 (74.) 100
43 (47 108 9 line 90
L2, (98) 110 line 110
45 - 65 : - 78
N 102




The single plate presentation eliminates the cue of other
plates in the same group., In the first edition recognition
of any onc plate cut of the group of four sufficed to identify
that group of plates and ernble a color blind to name the
other three becausz of thei: position., In the sccond edition,
only when the individual was being tested straight through
the seriesg of plates would this relative position give him
any cue, and If a randem order presentatiocn were shewn hin it
was expected that he would be unable to identify the plates,

L group of eight color blinds ranging from mildly to
severely ancmalous, was given daily lecrning trials on both
editions of the LO series, The subjects were shown the plates
in each edition in & dirset seguence and asked to identify the
nunber. Errors were corrected by the examiner, and the proper
responsc was indicated. The digit was also traced out, to
help them discover what they were supnosed to see, 1411
responses were recorded, and the subjects were tested daily
until they made no errors on beth tests, or, as in the case of
several subjects, their error curve flattered out into 2
plateau meking it apparent that 1ittle learning would take
place for a considerable period of time, One severely defective
color blind never did learn the plates by this technique.

Great improvement took place on all subjects, and many
of them reported that they actually had not memorized the
plates as such, but had merely refined their technique of
looking and sharpened their perception of color. These cases
are similar to those reporisd in the ophthalmological
Journals vhere an investigator finds that a man who was not
actually coached on the plates as such but merely given
instruction a3 to what to look for improved his performance
very markedily. It was also noted that the men who:were
least severely defective in color vision improved most
rapidly in their recognitic: of the digits, and that those
whe trere severely color blind had to memorize each individual
plate as though it were perfectly blank. It is therefore to
‘oe expected that differences between the two editions with
respect to ease of memorization were minimal in the case of
mildly anomzlous msn and maximal in those who were severely
color blind,:

The results of the first experiment are'presented
graphically in Figure 4. In no case was the rate of learning
slower on the first edition than on the second.
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To check the verbal report frem subjects in the first
experiment on memorization, the second group of subjects
were yun on a slightly different set-up. This experiment
attempts to duplicats the optometrist!s technique of
improving performance on the color vision test. The men
were given multiple vitamin pills, and were told that they
were not really color defective but merely lacked training
in color., They were "trained" by being asked to look at
individual dots in the plates, to identlfy the colors of
various dots, and finally to name the colors of which the -
plates were composed, The observers spent an approximetely
equal amount of time on bolh editions, although due to the’
very nature of this experimont, that condition was not well
controlled. They were tected twice, at the end of one and
a half weeks and at the end of three wecks at the finish of
the experiment, Figure 5 shows graphically the results of
this group. Here again considerable improvement 1s noted,
and it should be pointed out that this improvement is not
due to memorization as such, glthough the experience with
the plates undoubtedly has conslderable bearing on it. It
was rather due to = refinement in the technique of seeing,.
Only one of these men is severely color blind, and it is
notable that on thes wicle he showed mich less improvement
than the rest of the group.

Since it was apparent thet for mildly color-defective
men, improvement on vseudo-isochromatic plates is rather a
question of change in technique of seeing than one of
memorization, we prepared three severely defective observers

. directly in terms of memorizabion on c¢ach book.r These men

were given & list of the plates in both editions, and they
were told that they were to memorize them so that they
could identify the numbers when the tests were presented
in eny crder, It is here, with the severely defective
color blints, that the difference between the two editions
really sckows up. All three could not identify the plates
in the second edition when shewm in random ordsr. These
subjecdr would get 100% on both editions going through in
direct sequeénce, but in & chance order, the first edition
would rcmein 100%, and the sccond edition would show a
eonsideruble number of errors. Thesc scores are showm in
Table ¥, following.

- 10 -




FIRST EDITION ~ SECOND EDITION

100 | . :oo1

o
o

L=}
o

i)
o

Percent errors on 43 plates
Percent errors on 36 plates

rn
o

0 1V 3 o 1Y/2 3
‘Weeks of Experience Weeks of Experience

Figure 5.

' Peri‘onnahce of 8 color blinds on First and Second
Editions after experience with both editions. -




TABLE V
Scores of 3 severely color deféctive men on both
editions. 1) before memorization, 2) after memorization,
direct order and 3) after memorization, chance order,
: % Errors '

Case o R.Ce’ EW, ¢ ‘L.H.
Edition i 1st 2nd ilst 2nd: lst 2nd .
Before Learning : 84 86 { 84 86 : 8 75
-After Leerning § ! . i

Direct i 100 100 } 100 100 : 100 100

Chance ; 100 17 ;100 45 : 100 25

It is thus appeysnt that as far as memorization itself
is concerned, the stcopd edition is less easy to memorize
than the first edifion, but that most individuals who are
only mildly color blind will improve their scores on
pseudo~isochromatic plates, not specifically by memori-
zation as such, but rather by a refinement in their
technique of seeing, These results are similar to those
reported by optometrists, but the interpretation placed
upon them is different., Wo used no radical technique for
"euring™ color vision, but merely attempted to familiarize
the man being tested with what he had to see, with the
names; background colors and figural colors in the plates,
and the spocific shapes of the numbers that he was to
look for. The possibility of improvement in reading
specific plates by ™training™ is inherent in any pseudo-
isochramatic test of the Stilling type, There is no
indication, of course, that thie "™training™ results in
any actual improvement in color vision as such,

-11 -




CONCLUSIONS

_ 1, The second edition of American Optical. Company
plates is the same type of test and of the same order of
difficulty as the fipst edition,

2. Knowmn color-weak persons are detected. The
anbiguous characteristics of the first test have been
! reduced so that the sccond edition, with suggested
"f : revisions, will dichotomize clearly bctween the color
normel and the color anom:.lous,

A 3. Analysis of the dote of men with normal color
I . vision shows that a criterion of normalecy based upon total
't errors is superior to o criterion based upon. color groups.

e 4. Personnel showing hesitaney or difficulty with
[ the old tests show similar hesitoney with the new, using
| ' time rcouired to complete the test zs 2 eriterion of
hesitaney.

5. The new tests arc harder to merorize,

6. The second cdition takes sllghtly more time to
administer per plate,
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APPENDIX A

Inspection of Table II shows that the starred plates:
of the second edition and all plates in color group #6
(indicated by #) are miscazlled by normals a disproportion-
ate number of times. Two types of changes were introduced
to reduce these errors; (1) changing specific dots to
another color already present in the plate, and (2)
changing all dots of one color to a slightly different
shade, The alterations werc made by pasting circles of .
the desired color on top of the dots in the book, All
changes arc detailed in Fig., 6 and its accompanying table.

The first type of change was madc with the purposc
of strengthening the configuration of the number to be
rcad, For cxample, in Plate 4, Group #4, the number 34 is
often called 94 because of the emphasis on the top of the
digit 3, Three dots werc changed to a background color,
thus cutting off the top end of the 3 and reducing the
impression of 9, Similar changes were made in four other
plates, as illustrated i Figure 6.

The second type of change was used to correct errors
in the colors used to print Group #6, The changes in
color in two ink runs were carefully tracced down and
found to be due to unusual "burning out" in two ink
samples furnished by the International Printing Inks
Corporation, The false colors are apparently not due
to errors in specifications, wrong sumples, errors in
color matching, nor in the spectrophotometric department
of thoe Interchemical Corporation,

The configurational importance of these two colors
is such that the slight error in shade makes this group
of plates too difficult for a screening test, In
revision, the individual dots of these colors vere |
covered with Munsell colors 5R 7/2 and 5R 8/2, Numerals
made up with the new colors are still confused with the
background by color blind men, but are distinguished by
men with normal color. vision,. '

Tﬁble'VI shows the change in percent of errors on
each plate. All differences except for 98 in color group
#8 arc statistically relieble,
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HABLE VI
Pattern changed ] % Errors
Group  Numbor . Before change : After change

4 34 : 41 : 15

7 3% o 82 : 51

8 23 i 26 : 11

8 65 . ; 32 : 19

8 98 ; 9 o 6

Color changed : -

6 56 40 9

6 2 7 1

6 89 : 2 P03

6 86 E 53 . 20

The effect of these changes on the total errors made
by normals is presented graphically in Figure 2b., Only
4% of the population tested meke more than 4 errors, as
compared with the first edition where more than 40% make
more than 4 errors. One plate, 394 in Group #7 still
needs further improvement, If it is eliminated from
the test, the distribution of error scores becomes more
desirable, :
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TABLE VII |

Changes in Printer's Samples shown in Figure 6

COLOR ‘CORREGT | REF, NO. . PRODICTION NO,
GROUP # : RESPONSE # | ON DIAGRAM | CHANGED:  CHANGED
z - : _FROM TQ

1 L 21976 1 23479
2 L 21977 ¢ 2197
3 297 1 21976

Lo %

6  56,.27, 86, all dots @ 21915 Munsell 5R 7/2
g9 ' a1l dots | 21917 Munsell SR 8/2

7 39 0 11 D230 | 21872
: BT L 21870 | 21873

13 g . 2187

1 P 21870 ;21873

15 P 21867 23480
16 : ST 21867

g 23 121 . 22011 | 22014

g 65 . 31 i 22012 (22011

: P32 i22011 0 22013
33 [ 2201, . - 22009
3 22011 . 22014
35 ;22009 22014
, : : 36 . 22012(3) 22011
| ' P37 £ 22012(3F 22011
' . P38 . 22014, 22009

P8 98 i 4 22009 . 22005




APPENDIX B

The eolors in the second edition were checked by the
Color Vision Laboratory of the Submarine Base, New London,
© and the colors were plotted on Rectilinesr Uniform -
Chromaticity Seale Diagrams derived from the 1931 Standard
Observer and Coordinate System, A diseussion of the
technique of sonstruetion of pseudo-isochramatic plates
- was given in the following extract from a memorandum
.written by the senior author to Captain C. W, Shilling (MC)
and sent to Captain J. C. Adams (MC) on June 23, 1944,

A pseudo-isochrometic plate is based upon the
prineiple that the eolor differenee between the
figure and the background is so small that he (a
eolor defeetive) carmot distinguish between the two.
Confusion zones on a color chart indieate which
eolors are eonfuded by a eolor blind, The
effieiensy of sueh plates depend upon the aceuraey
with whieh the eolors fall within those zones. '
The zonos for deuteranopes and protancpes are not
identieal., Most of tho Stilling plates and the
Ishihara plates aro based on the avers age of these
two types of color blidness... The direction of
these zones &s we have determined them in the New

" London Laboratory,.... agree clogsely with the
less extensivo data eollected by Pitt, Wright, .
Heeht and the Color Blindness Committee of the
Inter-Society Color Couneil. Enelosure 2 is an
enlarged seetion of this ehart showing in dot-
dash lines tho preeise average of these
confusion zoncs,

In other words, you will note +that all
ehanges have been made in tho direetion of greater
ageuraey of reproduetion of the original pintes,
or, whero the original plate was in some way out
of line with the original plar of Ishihara or
Stilling, (presumably due to Printer's errors),
that we have suppgested changos whieh will bring
it into line with the original mothod and thus
mado o more diagnostie plate, This has involved
a sbtudy of suceessive editions of Stillings and
Ishihara as woll as review in terms of our own
Laboratory work.

Some of the first edition A-0 platos were
found to be extremely weak, This was eonfirmed
by the researches of the Canadians, the British,
and by Rowland, Griffis and Webster in our own
Air and Haval serviees, Certain plates were as
often miscalled hy normals as by color blinds, -
in brief, whatever th~» reasons, those plates
were not diagnostic oi color deficiency.
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Plates No. 1, 2, 3, 4. Second Edition group #1

This is an easy series of plates and has never been too
effoctive, 1) The reds in general are too low in value.
2) The plate would be umequally diffieult for two types of
color blind; most difficult for onc type of deuwberanomaly.
These things may be remedind by remixes of two colors,
raising the brightness of cie of the reds end changing its
eclor; and changing the color of one green and darkening it,

Plates No. 5, B, 11, 12, Seccnd Edition Group #2

1) The last edition of the Ishihara cxperimented with
light reds which did not prove tc bo as effoctive as the
plates in the earlier editiouns, Both normals and cclor-
blinds tended to "seo both mumbers."”

2) Submitted inks tend toward the doutoranopic lane.
Recommended remixes compromise on value, remcly the off-
eenter matehes, and make the blue-green spets effective as
"stoppers™ at the ends of the "3". (Plate #5),

Tho printing plate for which color-#b was intended
should be used to run color #2,

The printing plate for which color 2 was intended
should be used to run color il.

The printing plate for which color #l was intended
should be used to run the remix of #3 (now darker)

Plates No., 7, 8, 9, 10, 13, 14. Second Edition Group #3

These are fairly easy plates. Sutmitted samples fall
within the median color lane. A moderate cclor blind,
however, could distinguish the figures by the nearly
uniform darkness of the yv.low-reds. I% is therefore
suggested that a lighter YR be used, yollowed somewhat in
order to lie in the confusion lune with #8, The notation
is slightly beyond thc Munsell samples but can be casily

mixed in inks and easily estimated bLeyond the sample,
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Flates No, 15, 16. XNot in second edition

This plate is intended to detect only'protanopes. The
uniform reds in the figure are a "dead give~away", however,

-to the observant or instructed testee, The additional color

is darker, intended to be confused with the dark background
spots and should be exchanged for the lighter reds at points
adjacent to the dark background spots,.

(The rivers between figure and background must be
broken up in the engraved plate,)

Plates No, 17, 18, 21, 22, Second edition Group #4

These colors are in the third worst greup of plates by
evaluation of the perfomance of normals and color blinds.
The reason for this is apparent from tho diagram, Neotehow
colors No.4 and 5 ars far removed from the axis of Nes. 1,
2 and 3. Both 4 and 5 will have to be changed to batter
the plate.

Plates No. 19, 20, 41, 42, Second edition Group #5

These plates have always been fairly successful. The
primary difficulty with them is in brightness., The confusion
pattern of the color blind is composed of light pinks and
dark blue-greens, This difference in darkness makes the
configuraticn more confusing tc the color blind, and as a
result he is often able to see both configurations. One
change should courrect this difficulty of brightness. The
other change is rccomended because of an incorrect colore

Plates No. 23, 24, 27, 28, 29, 30, Second edition Group #6

This is a very good series of plates. It is difficult
for normals, but impossible for color-blinds,

The colors are all richt,

Plates No. 31, 32, 37, 38, Second Egition Group #7

This is the worst of all groups. Even a dichromat can
tell the configuration by the dark reds. One change to
lighten it should greatly improve the plates. Even at best
they will be fairly easy. :
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12 ' Plates No, 33, 34, 45, Second edition Group #9

The pattern in these plates is supposed to be visible
to a color blind but not to a normal., It is expected that
the normal will not perceive the light-grayish configuration -
because he will see the other colors, This is not invariably
trus, Furthermore, all color blinds do not see the figure,
Consequently the group of plates is umsatisfuctory. They
would need to be completely redesigned to be useful. No
changes recommended,

Plate No. 35, Second Edition Group 49

These colors are correct, Nos. 7 & 8 are not designed
to be confused with any of the others. This plate is .
slightly easier than the succeeding one.

Plate o, 36, Second Edition Growp #9

This plate hes always been fairly successful, The
green line, however, is teoo dark for the background,
Under standard daylight the darkness of itac lins is not so
apparent as under artificisl light, Then the green becomes
relatively much. dérker, amd €thus the minor defect under
daylight becomes a very sorious difficulty., One change:
should remedy this--No, 6 to YR 6/2. The change of 6 is
particularly desirable because it had 1ittle more function
then a . blank white spot,

Plates Ho, 39, 40, 43, 44, Second Edition Group #8

This group of plates is difficult for normels but
Ry almost impossible for color blinds, The figure is very
: similar to the background. No changes are necessarys.
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APFENDIX C

TESTING AND INTERPEETATION OF SCCRES

The present report, previous reports by the Research
Laboratory, Submarine Bas¢, New London, Conn., and the opinion
of the majority of recent rorkers in the Color vision field
indicate that the followir conclusions are justified with
regard to the use of the Stulling and Ishihara pseudo-
isochromatic plates of the type which are incorporated in the
Amcrloan,Opuieal Co. test. {These statements upply to the
types of color defects which have been termed "Red blmndneS““
and "Green blindness")

1. The Stilling and Ishihara type of plates make a

‘dichotomizing test capable of separating normel from defective

color vision with very aigh relicbility.

24 This type of test does rot dis**ngnish betwoen
degrees of deficiency with & high degree of reli- bility, that
is, the "number of plates" missed is & poor 1ndex of the
extent of color defiricney.

3. Beesuse of its convenienee, speed and efficiency
in distinguishing normal from anomalous vision,this type of
test is unexcelled for quick "screening" examinations,

bs Personnel who read correctly not less than 26 of the
36 plates in the Revised Second Edition of the 4,0. Plates mey
be considercd to hevs normal color vision., Such vision will
be of the high degrce of color sensation required for the
classes of pcrsonnel noted in paragraphs (b) and (e) under
UInterpretation of Results", which is given in the trial
book of the Second Edition,

5e If it is desire! to establish a less rigid standard
of color sensation for app ‘ecants for enlistment, 2 somewhat
casicr test may be given to shose who have falled the 4.0.
Plates. Several lenterns hava becn designed and uscd for this
purpose, by various Scrvices in the United States as well as
by the Canadian Navy and Air Forces. 4 carcfully designed
lantern for this purpose is now undergoing final trizls at
the Medical Research Department, Submarine Base, New London,
Conn, & quantity of any onc of soveral such lenterns could
be made available within 2 few weeks,
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Appendix C

6. Incorporation of the above suggestions would make

the interpretation of results rcad as follows:

INSTRUCTIONS FOR TESTING
COLCR PERCEFTICN
By means of
PSEUMD0-ISOCHROMATIC PLATLES
LMERICLN OPTICLL CCMPLNY, SECOND EDITICN

Paragraph 1. No change
Paragraph 2, No change
Paragraph 3. HNo change
Paragraph 4, No change
Peragraph 5, No change

INTERPRETLTION OF RESULTS

The Bureau of Medicine and Surgery places the
following interpretotion upon existing regulations
prescribed for color vision:

(a) Lpplicants for enlistment who read in-
correctly more. than 10 plates but who pass the Navy
Llantern meet the requivements of the Manual of the
Medical Department, Pai~. 1428 (2),

(b} The following personnel who rend correctly

- not less than 26 plates are considcred as meeting the

reqitirements of the Manual of the Medical Department,
Poara, 1428 (h) and 1558.

1. Candidates for primary appointment to
commissioned or warran®t rank:; nurses;

2. Candidates for éntrance to the U, S,
Naval Acaderyr;

3. Candidates for training leading to
commissioned rank;

4, Candidates for training leading to
designation of Naval Lviator or ifviation
Pilot,

(¢) Enlisted candidates for special dutics requiring
a higher degree of color perception than is required for
origincl enlistment will be considered to have normal color
perception if they correctly read not less than 26 plates,

Paragraph (4) No change.




LPPENDIX D

DILAGNOSTIC VLLUE OF EACH PLATE

The efficiency of each plate in categorizi:g men into
normal or defective color vision may be determined in several
ways. The method selected consists of subtracting the error
freguency of normals from thet of color blinds on each plate,
The rank of diagnostic value may then be determined from
thesQ differences, This is done in Table VIII, In the lost
colurn the plotes are relisted in order of diagnostic order.

A graphic illustration of the difference between plates
ic shown in Figure 7. The plates are ranked in two orders:
(1) that of ease for normls, and (2) that of difficulty for
color blinds. Ezch plate is listed by color group (in Roman
numerals) and by digits (in Arebic numbers).

It should be noted that this study is done on only 100
men with normal color vision and 112 with defective color
vision. Furthermore this selection, while it will be correct
in general, will not hold orecisely on the reprinted second
edition, ' '
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NORMALS COLOR DEFECTIVES

N =100 N =2
I 89 II 57 ]
| 127 VI 56 ]
It 8 : VI 27 ]
. I1 6 VIII 23 ]
L III 75 : V1 86 }
5 I1T 27 VIII 98
| III 42 _ - VII 394
| III 56 : v 3,
| Iv 97 VI 89
| V5 Iv 68
| V3 : VII 052
| V15 ' VIII 65
- VII 052 : V3
B VIII 47 ' : v 97
> I 43 - . VII 96
< I 56 II 6
(' 11 29 ' v 5
VI 27 ' VII 52
IV 25 I 29 -
VII 52 Y %
VI 89 VIII 47 [
v 7% . ‘ IV 25
IV 68 11 8 | '
VIII 98 _ 11T 56 |
VI 56 . | 1 43
ViI 96 N 1T 37
VIII 23 I I 89
I1 5 [ : IIT 42
IV 3, I 111 75
VIII &5 [ T 27
V1 86 | - V. 15
VII 3% - 1 I 56
0 20 40 60 80 100

Number of Errors per Plate
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Figure 7.

The first 8 groups of plates in the Revised Second
Edition plotted according to rank of (1) ascending
errors of normals, (2) descending errors of color
defectives, :
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TABLE VIII

The Diagnostic Rank of the Plates in the Revised
Second Edition

Group Gorrecf

% error % error Rank Rank Plotes
No., Response by 112 by 100 of listed in
anomals normals  Difference rank order
I 89 57 0 27 1 VI 27
43 60 1 24,5 2  VII 052
56 27 1 2 | 3 w8
e neans V3 R <. . SRSy 30.... 4 (v 3
1T 8 E) 0 21,5 5 (VIII 98 ;
6 9 0 8.5 U 6 hais 97
29 &9 1 13 7 (i 6
..................... D7 L A0 3 8 (w 68
11T 75 49 0 28 9 5
27 59 0 2445 10 (vI 56
42 - 58 0 26 11 Wiz 52
.................... 86 8025 12 (VIIT 23
1 55 8, 5 18571 13 1 29
: 68 96 5 85 i U II 57
97 9 0 6 15 VIIT 47
e B 9T A5 L1845 w 16 Vv . %
v 5 91 0 8.5 17 VII 96
3 93 0 be5 18 (W 25
yA 89 4 16 19 (W 34
..................... 15 .33 ... 0B 20 V1 86
VI 56 100 9 8.5 21 (IX 8
27 100 1 1 22 (111 56
£9 97 3 3 23 VIII 65
eneennn 82 TS S P48 R0........ 2, (I L3
VII 50 91 2 11.5 25 (I 27
oG 92 - 9 17 |26 I 42
G 95 0 2 27 I 89
e eesteeinenen P 08 s 2 S 29, 28 a1 %
Viil 33 100 13 11.5 29  .VII 394
: 5 9, 19 23 30 1 217
4 86 0 15 31 v 15
a3 og 6 b5 32 I 56




