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COTVTARISCY AN'D ZVALUATION OF
A ERICAY OFTICAL CGC. P3EUDC-ISOCHROMATIC FIATSS
FIR3T AMD 5.C0U2 ZDITICHS

The first and second editicns of the
American QOptical Comrany's 'Fseudo-Isochrcmatic
Flates for Testing Celor Fercertion’ were ade
ministered to 20C men at t & Amphibicus Train-
ing Cowsmand, kaval Crerating 3zse, Norfolk,
Virginia., Seven indivicuszls {ziled to meet the
rresent standarc: 5f colsr rercertien by use ef
the first editio: and LS5 would have been dis~
cualified accordi. ; to the tentative stancard
established for th» seconc <dition,

The data are analyzed and rocommenda-
tions designed to make tnz secend edition more
accurate and easy to adrinistir are made.




INTRCDUCTICY

4 second edition of the American Cptical Company's
"Fseudo-Isochromatic Flates for Testing Colcr Ferception® has
been prepared, Among the changes made irn this edition are the
Flacing of two demonstraticn plates at the beginning followed
by thirty-six testing plate: each mounted on a single page and
arranged in nine groups contzining four plates each.

The purpose of this parer is tc present the results
oI a comparison and evaluation of the second edition, with the
first edition of these plates now in general use by the U, 3.
Vavy. Answers were sought to the following questions:

1, Do personnel showing hesitancy cr difficulty
with the old tests show similar hesitancy with
the new test?

2. Are known color-weak rersons t

3. Are these new tests rzrder o maiorize?

L, Is the new =ition easier cr narder to administer?

FROCEDIURE

Two hundred individuals at the azrbivious Training
Cermand, Naval Orerating 3zase, Norfolk, Virginia, served as sub-
Jeets. The group was comrosed of 7C officers and 13C enlisted
men. All were selected at random, and each was examined pri-
vately and urdformly 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
iljumination, individuals were divided arbitrarily into two
ecual grours. The first gr:v of one hundred subjects ywas ex~
amined under a Daylight Flus.escent lamp {Dazar tyre). The
sccond group of one hundred was examined usder north daylight
illumination.
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ALl of the test plabte: were displayed at a edstance
¢f iwo te thrze feet frop the eyes cf <ne subjects, who were
directed Lo read them withis three ¢ four seconds, Bach man
was alss instructed to atic pt to fellsw the same rate of
speed in scanning each cuit. ', In ordsr o determine the

amount of hesitancy encountc. 4, mezswerent was made of the
time r.uired for each of 13£ individuals tc read esach set of

Ao
riazves.

in every instance the vcmr*cte zev of plates in the
edition was shown, f_,Lade snce By the complete sel
ates in the second scCition, a"d Lre ©:ILONSes werc re-
d. T?lﬁ procedure was act modif:l ec, csirce it wasg soon
discovered trat the arrangoment and or cf pistes of the two

editions were varied sufficizntly to z2velc boredom of subjects
and aprarently obviats the learning lactor,
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RESULTS

The total number of ¢rrors for cach of the thirty-
six plates 1in the s v »dition, made By two sundred men, are
;rssented in Figurc 1. ons ] c, He. 28, was miscalled by

156 subjecis. Z4 of the pla2iis werc read 1'n:‘t:u""gc‘r.l,}a' by less
tran 25 persons. It i3 evident that some rlatus presented far
greater diffizsulty than others for tht 200 mer tested, and that
the second cdition docs 2ot spread the crrors evenly among
groups of plates.

Iindividual Scores

Tentative standaris for the s<cond edition are as
follcus:

{(a) Enlistcd rursonncl: read correctly not less
than twe (2 plates of each solor grour.

{b) Commissionsd or warrant officer personnel,
including nurses, candidatez for the U. 3.
Haval Academy, and candidats for Kaval Avia-
tion cr Aviation Filect: read correctly not
less than tarec (3) rpletes of eack color group.

Table 1 lists the subjects who failed to meet these standards,
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N=200

FIGURE
TOTAL NUMBER ERRORS FOR EACH PLATE
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TABLE CNC
SUBSECTS WHO FAILED A. C. FSEIDO- I30CHROHATIC
CLA'““" SECONT ELITICN
Subject Ne. Flates Failed Srour Mo,
Second First )

No. Bank or Rate Edition Editicn i 2 3 5, 5 6 7 8 G

Lt Lieut, 33 41 Iz 3 4 5 & 7 8 9

12 Lieut. 32 37 2 3 L 5 & 7 & 9

L Li=ut. 29 29 2 3 4 5 6 T & 3

1 Lt.ColfRE) 27 30 2 3 4 5 A 7 2 9

180 Fr3c 25 14 2 L 5 €& T & 9
192 CRrRM 25 1L 2 4 5 5 7 8 Q
22 PhM2c 20 15 2 5 6 g 9
101 S2¢ 17 1 2 6 £
116 (Eml) 16 14 2 L 5
107 Slc 10 2 =
110 Fhtize 16 3 9
128 3t2c 10 L, 6

58  ¢sC 9 6 L 6 g

€l Ensign 9 0 & g
151 S2¢ 9 9 &

17 Liesut, 8 L 4 g
14 Lieut, g 2 6 g
153 Ealc 7 5 )

158 Eilc 7 1 6
159 HAlc 7 L g

10 1t.Cormdr. 6 0 6
164  Comdr. 6 1 & 7
174 Lizut, 5 2 9
39 KAlce 5 1 6
49 Lisut, 5 O &

56 Yoc 5 L 5

57  Ensign 5 el g
167 Comdr, L 2 3

8  1lt.(ig) 4 ¢ 9
48 Ensign L 1 9
72 Y3c L 0 6
T4 Li.Cordr. L o} 6
77 Llisut, L 1 9
80  Ensign. A 0 9
139 Lieut, 4 1 g
19 ¢.rharm, I 1 é
165 Comdr. 3 J 9

L 1ti.Comir, 3 ¢ 6

21 1:t.comdr. 3 3 G
35 Lt.{’g) 3 “ 6
L5  lieut, 3 4 &
6C  Ccomdr. 3 o 5
183 liszu. k. s G

1 Liewt. 2 . 6
26 Ensig 2 i 3
Total No, Subjects rz = 45 . 5 4 8 38 30 7 i3 2




From Table 1 it is apparent that 4% individuals
failed to meet the prescribed standards., It is worthy cf note
that only rersonnel with the hifhest incidence cf crrors failed
grours two (2 and five (5). Only onc individual failed group
onc (L), and the subjects missed grours six (5) and nine (9)
with the greatesst frecuuncy,

Comrarison of First and Second Editions

It is interesting to note from Table 1 that beth
editions select the same 9 individuals who have gruatust diffi-
culty in reading the plates corr.ctly. At tinis point the pre-
sent standards prescribed for the first cdition may” be stated(l).

{a) Aprlicants for ¢nlistment in the Navy and waval
Reserve excert in classes V-1, V-5, and V-7:
correctly recognize only onc rlats in cack of
the three color prours, representoed by plates
1, 2, 3, 4 (numbers £9, L3, 56, 27}, by plates
7, 8, 9, 1C, 13, i4 (rwb-rs 39, 42, 56, 27, &b,
75), and by plates 17, 18, 19, 2 (nuwbders 25,
68, 97, 34},

(b} A-plicantsz for commission, for dutivs invelving
Tlying and for c¢lasses V=i, ¥-%, and V-7 must
read all rlates correctiy, out the following
interrretation shall be accerted as satisfactory:

Flate Accertable Resronse
2 43 or L&

7 39 or £9

4 75 or 76

22 34 or B4

22 L3 or L8

30 75 or 25

33 Ne numboer or A4S
a4 Ne number or 73
3€ 394 or 89

(1) Bureau of Yedicine and Surger; Circular Leitur F2-5/73-1
(103); A/orf; Sertember 25, 1942. "Frorer Intcrpretaticn of
Navy Coler Vision Tests.™
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CORRESPONDING FLATES OF FTRST AN

D S=C2.D ELITICN
CUFARED FOR RELATIVL DIFFICULTY |
9?1'1"“-51“’6“‘1;4“8 tumber of Foilures K wXer of Fzilures
:1ate Huabers Fer Flevte For € 3 vesponding Flate:
??o?d First Secord First 3ot h Bditicns
3tion Edition Fditizn Cdition '
1 1 I3 5 0
2 2 3 3 1
S 3 1 1 o
b Z 1 L b
5 5 7 3 3
s 6 10 & A
7 1 11 10 7
c 12 12 5 &
9 1, 3 = 3
10 iC 2 5 2
1l g 3 9 3
12 9 & 3 2
13 17 7 15 L
i i8 14 1 L
5 23 g 2 6
15 22 71 il 3
17 19 g 1 7
- 26 12 19 i2
ig 42 15 2 13
2G LY 3 - 3
2 23 55 3 5
2z 24 1% i3 &
23 <7 61 G 9
2k 29 92 ) 11
25 3% L 2L 3
26 32 11 e 0
27 37 8 1% 5
22 38 158 1% 18
29 35 54 i) 28
30 L0 28 17 8
31 A 3 0 3
32 Lt 21 16 9
33 35 i Wb 3
34 36 L2 ..l 9
35 33 L2 ‘ﬁ 26
36 34 46 2L
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Hesitancy in Reading

In a further consideraticn of the two editions
with respeet to their comparative difficulty, the interval of
time recuired for 168 subjects to scan each edition is shown
in Table 3.
Table Three
Comparison of Hesitancy for Each Edition

Recuired longer time for first edition (46 plates) 110

n ] H " second 1] (36 plates) -7_8-
Total 188

Relative Ease of Memorization

Some individuals were interrogated for their subjective
impressions of the relative difficulty in the memorization of
each of the two editions; the opinions cf 83 men are shown in
Table 4.

Considered first edition mcre difficult to memorize 39
[} Second i 1] H . n 14 u‘

Total E3
Ease of Administration

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

Number of lMNedical Officers considering
first edition easier to administer

Mumber of Medical Officers considering
second edition easier to administer

3 IO\

Total




TABLE SIX

EVFLLT CF ITILROMATION
IN CASES HAKING INCCR2ECT RESFCONSE

Secend Edition No., Errors btnder No. Zrrors Under Total He.
Fiate Fusber Artificial Daylight Daylight Zrrors

3! 2 2 L
2 8 15 23
3 1 0 1
I3 9 1 1
2 h 3 7
6 5 5 10
7 5 & 11
8 5 7 12
g 3 0 3
1¢C 2 0 2
il 3 0 3
12 L 2 5
13 5 2 7
1L g 5 1
35 L 7
13 35 35 71
17 A & 8
18 5 7 1z
1 b ¢ 15
20 3 g 3
21 27 a8 25
22 10 2 14
23 27 3a €
2L 43 49 g2
25 3 1 5
26 7 L 1
27 6 2 8
28 Th &l 158
29 25 24 54
30 11 17 28
1 3 & 3
32 g iz 21
33 3 1 4
S HY 3z 42
35 i5 o L2
2 17 <3 LE
Totals 4U3 450 €7
Average il.z 12.9 Rz




DI3CU3I3ICH

From the resulis cf tne presemt experiment, in which
twe editions of the Americarn Optical Comrany's plates were used,
certain observations may be macs.

The Fseudo~Isochromatic Type cf Test

The two editions of the American Orptical Company’s
Fseudo~Iscchromatic Flates are designed to detect nermal and
weak celor perception. That this objective 1s not achieved
fully by the first editien iz surgested by a report (2} which
states that “The A, (. test as generally adeinistered and inter-
preted in the Navy, is conciuded te be wareliable and largely
inefficient as a test for ccler vision®,

In the orinicn ¢f the writer, some desirable attributes
for a pseudo-iscchromatie test for cclor vision are:

(1) Sclective, relatively brief, and casy to administer.

t2) Composed of tesi-characters least liable te be confusing.

(3) Arranged in soms crder of difficulty,

(4) Caratle of intcrrretation in ordur to indicats some type
of c¢classification of color defocts.

“lith the foregeing points in mind, the data from the experiment
are considered,

Responses to Pseude-Isechromatic Flates

A study of the raw data shows that when the A. ¢. Fscudo-
Isochreomatic coler test is administered to a groupr of individuals,
four types of rearonses arc cncountered, These are:

{2) "A Study of rethods Uced in Administering Fscudo-lsochromatic
T.st Plates for Color Vision". {Color Vision Repert Ne. 3,
Medical Research Laboratory, U. 5. Submarine 3ase, New London,
Conn., 1943.)

- 10 -




(1} A statement that no number or pattern ean be identificd,

{2) An incorrect number interpreted.

{3) Flates with alternative readings interpreted in either
of the two porssible ways, or a cambination cof these,

{4) Flates interpreted correctly.

Reference to the data ypreserfted in Figure One would
appear to indicate that certain plates of the second edition
elieit more incorreet responses than others. Tatle 6A summarizes
the plates of the second edition on which the highest ineidence
of errors was made. In this respect rlate No. 28 is outstanding,
%While it was misealled by 158 subjects who made 16 di fferent types
of response, a plate of elosely similar type, No. 27, was mis-
called by orly & subjects. (Not listed in Table 6A)

Table 64

Flates of Second Zditicn on Which
Eighest Incidence of Errors 7as kKade

Sceond No. lien laking No. of Types
Edition Incorrect cr {o of Incorrect
Flate No. Responae RESronses

28 158 is

24 92 23

16 yal 6

23 61 15

21 56 Al

29 54 9

36 46 s

35 ' 42 5

34 L2 1

From the results cbtained by the other test-itenms
of the second edition, and in view cf the variety of resronses
to almost all of the above plates, it is probavle that the nine
plates listed in Table 6A are misinterpreted too fregcuently to be
considered as of diagnostie value.

- 11 -




This view is reinforced by the fact that if the nine
plates enumerated above were eliminated from the second edition,
the result would be a more consistent group of scores (See

Figure 1),
TEST-CRITERIA

The methed of scoring the results of tests using the
second edition, as cuoted previously, permits 2n individual to
miscall one or two plates in each grcup of four, for officer
and enlisted personnel respectively. Hence a high incidence
of errors for one plate in any group may not be 2 serious dis-
advantage of the secord edition.

It is only when twe or more plates in any one group
are amcng those miscalled freouently. thet difficulties arise
in the detection of normal or weak color percertion. - Thus,
when the rine groups of testing rlates ars considered in the
light of datz presented In Figure 1 =2nd Table 1, it arpears
that groups six and nine are notable as heing responsible for
2 relatively large number of failures. Because each of these
two grours contain thres of the plates which are miscalled
freouently, they are missed by 42 of the 45 subjects who faileg
and include cormissioned and enlisted personnsl in a ratio of
about 2 to 1. This incidence of 22,57 failing for the whole
grour of 200 subjects is excessive when compared with the re-
sults of other color vision studies of rersonnel of the U, §.
Mavy. Accordingly, it is felt that sucihi a result is an unfavor-
able reflection on the tentative e¢riteria prescribed for normal
versus weak color terception, if the rresent test-items are
unchanged,

Thiz consideration leads to an evaluation of c¢riteria
of what constitutes normal color percertion. It is a weakness
of this experiment that one edition of pscudo-isochromatic plates
is used in order to validate znother =ditioca of such plates. It
is for this reason that Table 2 and Figure 3 kave teen formualated,
In those presentations the perfarmance on correspending ristes
of the two editions arc shown. Tiosc piztis which show the high-
¢st incidence of identical performance by individuals have been
sumaarized in Table 7 below.

- 12 -




Table Seven

Flates Jith hKighest Incidencc of
Corresyonding Individual Failures

Tlate No. 1in

Flate No. in Total nusber of subjects
Second Edition Fir

¢
st Zdition whose failures cerraspord
for 1st and 2nd editicens.

29 ES) 28
35 33 26
36 3L 2l
2€ >€ £
ig L2 13
1 2C 12

2L 29 3kl

Five of these seven plaics ol th:
been cited rrevicusly as biirg non-zelsctive.
rlates of tho {irst cdition corresyonding <o tis
the same faults, This rrocess of .Ji;_r~:1~ﬂ B
and J1E of the second edition and thuir SrTTON

in toe first cdition, 25 D2ing botn oomrarabl;

waalh T4 Tamiel il
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%

yodoe2

o

Do o oer
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The two plates in cuestion wor
subjects respectively, which indicates ¢
rarptivn rerformance in both editions, i
jects in the group of 200 are coslior defici
the standards set up for use with the first
jects, all cumissioned, fail to m.et the ro
percertion,

)
o

R

[
IS S

»
-

Pl

¥
.

oo
ot
5 O

P B

-

Reference te Table 1 shows that the 12 men who madz
the greatest number of crrers falled 1L pliates or more, This
score gives a cut-off correspronding with the data rresent:d in
Figw'e 2, which zppcars to indicate 2 natural dvisisa =t the
level of about ten errcers.
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From the zdove corsiscerati.
5n Lhe basis of total number of glztes mi
edition, 1s more indicative of norz
then z criterion basec on the numbe
A
4

e
tes failed,

g LL‘.' ed teuta"
ively for the second edition would redr-e .he runber of failures

o

cie result of this modificatison of
1

Irem 45 vo & much lovier numbor.,  Toszil 5 seoares and the
r'
T

rercentage of failures which woul 22 the data eof the
present experimenti, are shown 1in

Tabla Eight

Allowable No. of Trrars Resuitinzg § of Foilures
6 c5.
o 66.5
- 25,5
- i2.5
s

o

(A
=
- A

R
;..qu‘o-«:"mm e
f

tz suggest th
to make mors
Fersons ars <ot

# v worulation

ccmpesed o8 Mavy revzonnie G oBET. TVt ot Fovo the
TESLITE I vEsiiaT N the £ cditioc vyl oLl on othe

identiiti:eniz
experiment ) as color weak.

cgsts that more errors are
made when sul JLCJS sean the seeond oiition or cayilghl 1llumi-
nation, From this it might bn concluded that daylight 1livmine-
tion i3 more sslective than rtificinsl doylight. Ru.yhmlnatLon

of this table shows tiiat 17 rintes aros rmisintzrprestod more fre-
oucntly wder daylight illumination. HMHine of ihcse Liave been dis-
cradited proviously because they were not sclective for deficient
color percepticn., Tits remaining & rlotes which were miscalled
more frequently under actual dayliight illumination, arc outweighed
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numerically by 19 plates which were miscalled by artificial
daylight illeminztion. From tne Joregeing it is considered
that the latter type of illunineticn iz mrebasly more ssiec~

tive in the deteciion ol weak cclor perception.
Cenclusions:

Fram the resuli of the present exyeriment in which
iwo editions of the American QOptical Comrzny's "{sendo-Iscchro-
matic Tlates for Testing Ccior Ferceriior” wace adtinistered
to 2CC individuais of the U, 3. Navy, th« focllowing conclusions
are drawn:

1. TFerscnnel showang hesitan:y or difficuliy with the first
edition showed hesitancy with the second edition,

2. Known color weak persons wire detected by use of the
second a3ition ouil some individuals were designated ag color-
weak who paszed the requirements for color perception according
tc present Navy standards by the use cf the first edition,

2, There are indicaticns trat iLhe new test iz probably mors
diffinmi it to memorize,

4e Mozt o7 the medical cffi:zers consilted agree that the new
editicen 15 decidedly eszsier to adminpister.

5. The second edition shows =z ;reater disparity than ithe Iirst
edition both in ths number Y fallures ameng plates of the same
group, and among the groups th:zaselves,

6. Artificfal daylight iiiumination gives surerior perfor-
:22nce in the selection of colar weak individuals,

Recommendations:

From the experienge [ z2ina2d in the experimeni whnich
nas been deserived, the icllowing recormendations arc made:

-

}. Nine plates in the scgond ealticn zhould e elimdngied or
improved in the inturests of dusgnmetic sralue and eass of

administration.
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2. If the present number of plates in the second edition is
retained,; the standard for ncormal color perception should be
that no more than ten plates zre misinterrreted,

3. Recording of the resronszs to each plate should bo re-
cuired for record purpescs.

L. Eacnh plate should be numbered in the index.

heor "tabbed® ar in-cut so that

5. Fage cdges should bc sit
<8 can be found readily withcut

any platec or group of plati-
the possibility cof errcr.

6. Access to any test for coloer porception used by the U, 3.
Yavy should bc restricted to Army an? Havy Medical Qificers,
Otherwise, thc possibility that individuals may have moeniorized
any of ficial test will rrobably restrict its value for the
Navy.




