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The purpese of the studies reported hevein wns to exnmine various
aspeets of visnal neuity through a fuctor analysis of correlntions among
fests of visual acuity s to select the most representative tests; and to
investignte item difliculty and scoring methods. The stndies were |
conducted by the Personnel Research '\OCUOH AGO, Department of -
the Avmy.

! Members and former members of the Personnel Research Section f
with major responsibility for the research include the following:
Dr. Edwin R, Fleury. Dr. Robert J. Wherry. Dr. Donglas H. Fryer,
Dr. Hovace H. Corbin. Mr. Calvin Taylor. Mr. Lawrence Karlin.
Technicinns of this Section who were responsible for the analysis of
the data were: Dr. E. K. Taylor, Mr. Richard H. Gaylord, My, Xen-
neth Wood, Miss Claire Tajen. aud Mr. Acthur Fifer,  Dis. Robert

net

J. Wherry and Horace FL Corbin were vesponsible for the preparation
of the veport.

Members of the Subcommitiee on Visual Testing of the Avmy-Navy-
NRC Vision Committee acied ax consultunts, including Capt. Charles
W, Shilling (MC). TSN, Chairman, and Dr. Donald (. Marquis,
Executive Seevetary,

Additionnl members of this committee who deserve special mention
for their advice and participation in constructing the tests are: Lt. ‘
Comelr. Dean Furnsworth M (S), TSNR, Lt. Comdr. (DR.) Heury S
Tmus F(S). USNR. Lt. Comdr. Elsworih B. Cook H(S). USNR, and o
Dr. H. Richard Blackwell.
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The test chnrts and chart changers used in the Fort Dix. N. J. study ,
were produced. at their expense. by the Bausch & Lomb Optlc al Co., i“‘
Rochester. N. Y. Members of this firm who devoted considerable o
time and effort in this task werve: Mr. Fred Jobe, Mr. Ray Stegeman, B
and Mr. . Q. Bergmann. ' =

The data derived from the administration of the three commercinl Cou
devices and other tests at the Submarine Base, New London, Conn., Lo
were made available by und analyzed with the helpful advice of Lt. .
Comdr. Elsworth B. Cook H (S), TSNR, Lt. Comdr. John H. Sulz- =
man (MC'y, TSNR, nnd Lt. (j.2.) Neil R. Bartlett H(S), USXR. .
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Section |. PROBI.EM
1. Origin of the Problem

: During the last few years it has become evident to all -concerned
that present methods of testing of visual acuity have given rise to
great inconsistency in the physical standards for vision which have
Leen adepted for military service. Current devices and methods used
in the measurement of this important ability have been, at best, of
£ questionable relinbility and validity. The method of testing visual
acuity has varied greatly namong the services, within the services, and
] frequently from day to day at the smne installation. This variability
' can be traced in most instances to both the lack of standardization
| of testing conditions and the use of different test forms which have
Jed to inconsistent interpretations. Such inconsistency in testing a
| basic funetion has undoubtedly worked great hardship on the individ-
; unl, interfered with training schedules, led to faulty classification, and
consequently cost the government a considerable amount of time and

money. : ,

Visual acuity has been measured at two principal points in the

process of Army =election, training, and assignment. The first such

] point was at the nrmed forces induction station where all prospective
[, service men were exanined by means of the Snellen Test. Acceptance
for or rejection from one, the other, or all the services was accom-
plished at this time. The second point was at various trainming centers
and classifiention and assignment stations. Here a second examina-
. tion was often given, as it certainly was in the selection of aviation
cadets and many other specialists. If such a reexamination were not 7
made, the record of the induction station examination was inter- i
preted for such assignmients as were known, or thought to require o
specific visunl ability. A consistant attempt was made to make maxi- B
mum use of the manpower available on the basis of visual abihities as .
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well as mnny other indices.

L The extent 1o which the nse of vision fests of doubiful reliability
and validity may have been costly is partially revealed by the results
of medical sereening for induction into the armed services. .An analy-
sis of DDS Form 221, the Worksheet nsed at Induction Stations for
processing, assembied for the year April 1042-March 1943, reveals
that 7.8 percent of those vejeeted fromt service in that period were
so treated beeause of visual deficiencies. This perceutage is not large
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when taken by itself, but in comparison with other causes for rejec-
tion if. assumes grent 1mportnuce. Of some 30 causes listed in this
report, the major causes of rejection and percentages attributable to
each are: . 5

Pcercentage of

Cawac of refection those rejected
Lfental diseﬂses-______-_:;.-.; _______________________ 12. 56
Syphilis e 0.4
Muccu]oskeletal deficiencies o 9.8
Cardiovascular deficiencies_ . _ oo 8.8
Eyve .deficiencies_ e 7.8

CEMIR e —— 1.8
Educational deficieney o 7
\eurologxcnl deficiencies. . o e 5. 5
ar deficiencies e 5.0
Tubereulosis o e 3.7
Mental deficiency - . 3.0

The percentage for other causes are below 3.0 percent in each case.
With the exception of rejections based on mental disease. syphilis,
and musculoskeletal and cardiovascular deficiencies no other group
stands higher on the list than that rejected for faully vision.

If the figures quoted above can be accepted as fairly representative
of operations over a longer period, we may estimate the number of
men affected. Of 10,810,169 men examined over the period of
1 November 1940 to 31 December 1943 it is reported that 3,509,248
were rejected. These fignres ave for combined white and colored
groups. On the basis of the percentages quoted nbove. 7.8 percent,
or roughly 273,000 of these rejectees were eliminated on the basis of
visual defects. Disregarding classification and assignment variables,
this number of men represents, approximately, the enlisted men for
20 infantry divisions. From the same basic data it may be noted that
educational deficiency accounted for 7.7 percent or upproximately
270,000 of the rejectees. It appears tlmt an unstandardized meth-
odolorrv for evaluating vision accounted for as many or more rejec-
tions V:fmm the services as did a much studied technigue for evalunt-
ing educational achievement.

Undoubtedly, not all of the 273,000 men eliminated for defective
vision were rejected on the sole basis of visual acuity tests. Many
other considerations were involved. However, there is no question
that these tests servecd as the initial screening device and were the
primary means of identifying rejectable men. Again, there is no
question but that many of the men eliminated by these unstandardized
tests would have been treated similarly had the tests undergone as
much study as is presently contemplated. Yet it is virtually certain
that many misclassifications were made in not only the gronp rejected
but among those selected for service.

We have treated only the induction screening of yprospective mili-

tary personnel as an instance of the wasteful operation of the tests

and niethods in: vision testing. After induction, minimuny vision
standards for bpt.chﬂucd training mid duty éxevcised further inflience
on the selection of service men. The number of cases in Which men
were selected and assigned to special training on the basis, among
other things, of visual acuity tests given at one station only to be found
wanting in vision when they reached the school, have been reported in
great numbers.  Needless to say, researches to improve this general
situation have long been necessary.

2. Research Approaches Accomplished

During World War II many steps were taken toward solution of
the more basic problems of testing visnal acuity. The coordinating
agency for most of the work 1ccompll%hed was the Subcommittee on
Visual Examinations of the Almy-x\m y—NRC Vision Committee.
The purvent organization was formed in 1944 to coordinate research
of all types in the field of vision after it was found that many wide-
spread agencies were occupied in the same researches and might profit-
ably get torrelhm in a joint organization. The committee was, and is,
com po.aod of menmbers of both tho Army and Navy and several scientists
from civil institutions. The Subcommittee on Vision Examination
first prepaved a manual on the testing of visual acuity which specified
standard optimal conditions under which the tests should be given.
They also prepared severz} test charts, majnly letter charts, which were
subjected to considerable study at several military installations. 1t
was honed that us a result of the subcommitiee’s work, a standard pro-
codure and standard charts for testing vision would be available to
all units of the armed forces. Thisw ould naturally enhance the value
of uny such fests in that the variability of test results brought about
by changes in the physical set-up and method of testing from ‘establish-
ment to cst.lbhshmoni wonld be reduced to a minimum.

A second sotree of concern in this process of standardization was in-
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decision on the part of many mveat-xgatms as to what visual acuity
tests were actually mensuring.  Questions most frequently asked were:
What is visual scuity? \\Tlmt does a score on a visual acuity test mean?
These guestions arose as a natural result of the use of many different
test-objects (leiters, checkerboards, contrasting grays, and forms) in
tests currently employed. ‘The answers to these questions were con-
sidered availuble, in ‘pm{, through further research in the form of
jield studies in which Jarge groups of examinees would be given many
types of tests and comparison made of performances of the same group
on all of the fcrms involved. It was found that many agencies were
interested in seeing this research accomplished. The Ail‘ Surgeon
initinted a request that a study be made, “to determine: (¢) The re-
linbility of  * # * wvisual acuity tests (0) Intercorrela-

lons of # ¥ visnal acuity tests.”  (Reference, Memorandum
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for: Assistant:Chief of Staif; G-1, Subject : Visnal Examination, dated
21 September 1945.) o ’
The Surgeon General concurred in this proposal (1st Ind. D/F).
from ASF, SGO to the Assistant Chief of Staff, G-1, file No. SPMDP
702, dated 10 October 1945). As a result, The Adjutant General was
directed to make¥astudy * * * to establish standard m
and standard charts for determination of visual acuity and uniformity
in testing the various visual criterin.” Reference, Disposition Form,
From: G-1, WDGS To: TAG. file WDGAP 201.5 (10 Oct. 45), Sub-
ject: Visunl Examination, dated 22 Oct. 435.) The Personnel Re-
search Seetion, Personnel Research and Procedures Branch of The
Adjutant Genernl's Oftice was given this task.

With the Subcommittee on Visual Examination of the Army-Navy-
NRC Vision Committee, officials of the Personnel Research Section
planned the initial research project (PR—073-01) which is coveved hy
this report. The problem outlined for the project is threefold:

«. To determine under standard conditions the various aspects of
visual acuity through a factor analysis of correlations among iests
of visual acuity recommended by the Army-Navy-NR(C Vision Com-
mittee.

b. To select the most yepresentative (pure and relinble) test of each
such aspect.

¢. To make preliminary investigations of item difliculty and scoring
niethods on the test studied. . i

3. Present Problem
N

i

Section Il. POPULATION

1. Number of Subjects
Seven hundred and ninety-two enlisted men at Fort Dix, N. J. Of

these 261 were tested and retested with 24 hours between the sessions.
‘The remaining 531 men were tested only once.

2. When and Where Tested
‘The men were tested between 30 September and 5 November 1946 at
Reception Center, Fort Dix, N. J.

3. Basis of Selection

Initially, men were selected for testing on the basis of age and Army
Snellen visual ncuity test score for the left eye only. This information
wns obtained from WD AGO Form 63 at the physical profiling station
of the Reception Center processing flow. Criteria for selection were:

a. Equal numbers in each age group, by year, from 18-29 years of
nge.

. Distribution ¢f each age group by Army Snellen left-eye visual
ncuity scores according to the foilowing:

Pereent
Over 2071 e 5
20 ) e e 10
20, ) e e 20
20,20 o e 50
Below 20720 - e 15

hiz mothod of selection nroved to be unsatisfactory on two counts:

(1) Unreliability of Army Snellen scores obtained from Form 63,
and

(2) Constriction of the flow of personnel through the reception
center to a point where it was impossible to sample the age groups on
an equal basis.

Unreliability of the Army Snellen scores was first of all a result of
the fautly test practice of stopping successful examinees at the end of
the 20/20 Jine. It soon became obvious to the research staff at Fort
Dix that almost ne men were appearing with previously determined
Snellen scores below 20720, i. e., 20/15. Unreliability of these indices
was evidenced, too, by diffevences noted between the Snellen scores of
record and those obtained in the current research.

In spite of these deficiencies an attempt was con.tinued. throughout
the study to select nien on the basis of a wide variety of ages and a
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wide spread of left-eye scores on the basis of previously obtained
Snellen scores. Table I shows in terms of percent, the desived and
obtained distributions of Army Snellen score and age. Asto previous
Army Snellen, the distribution of obtained cases matches the desired
fairly well at the over 20/40, 20/40, and 20/30 categories but fails at
20,20 and below. As mentioned, the smnll percent (0.82) for below
20,/20 is probably due to failure to test men in this part of the chart.
The huge number of cases piled up nt 20/20 (69.36 percent), most:
likely includes many men whose scores would be somewhere below
20,20 if the test had been extended to their “real” threshold. Meun-
while, age of the group piles up at 18 and 19 years; we expected ne
cases of 17-year-clds. Down the years the table shows fewer and fewer
cases with a shight upward jump at 28 years for unaccountable rensons.
In general, it can be said that a spread of ages wux obtained, but that,
short of waiting on cases for months, equal numbers nt each age were
unattainable. .

TaBLE l.—Percentage of cases in previeus Army Snellen and age categuries for
7381 and 792 cases respeclively showing the desired and obtetned distribulions

3

Previous Army Snellen 1} Age
Over 20/40____ ... 5. 06 (01 L 0.00 0, 63
20/40 0 c e e 10. GO 6.02 1 18 ..., 8. 33 20. 08
20/30 0 e 2000} 15.87 1 19 o ioano.. 8. 33 21. 97
20/20 e . 50.00{ 69.36 | 20 ono ... 833 9. 07
Below 20/20______ .. 15. 00 82 0 2. 8 33 6. 82
20 N S 33 5. 30
Total. ... 100. 00 {-coumo. £ 8. 33 442
P2 8. 33 3.0
25 ... SR 8. 33 3. 66
26 e 8. 33 3. 41
27 e aeaa 8. 33 4. 80
IR 8. 33 0. 85
2 e, 8. 33 5. 18
« Total...__... 90. 00 100. 00

4. Typicaiity of the Sampie

The men tested were judged typical of the generul population com-
ing into the Army as of October-November 1946. ‘They included u
mass of enlistees who sought Army service in order to come under the
benefits of the G1 bill of rights for which an October 5 deadline had
been set. A few men weve veenlistees, but the majority were typical of
the postwar dvaft group. No reason Lias been found (o ::u.sps-v( a
typical quality in the visual or other characteristios of those fosted,

e g

Section Ill. VARIABLES AND CONTROLS

Fourteen tests of visual acuity were constructed for the study.
There were designed for administration under identical conditions of
hghting, test room layout, and examining procedure. Description of
the test varinbles and the conditions under which the tests were
administered follows: :

1. Test Charts

The basie design of all the tests was the chart type universally used
to measure for acuity, such as Army Snellen. Into this test-form
several types of visual objects were reproduced, each type representing
what experis in the visnal examination field felt were the basic aspects
of visnal acuity as measured by the respective tests. The types of
abjects employed were:

a. Lerrens. These have been used universally in the past as the
clinical material for sealing visual acuity. Of the four letter tests
used in the study three were modifications of the more familiar
Snellen fest, designed to give more reliable scores. Txtensive research
went into the development of these tests at Naval Medical Reseaxrch
Laboratory. New London, Conn., and the AAF School of Aviation
Medicine, Randolph Iield, Tex.

(1) lrmy Snellen (see fig. 1, Test 2). The letters in each row are
of equal size and equal width of stroke and space between strokes.
The size of the letters and the width of stroke decreases for succeeding
rows from top to bottom of the chnrt. The niumber of ietiers per row
increases by one from row to row beginning with one at the top and-
reaching nine at the bottom.

(2) New London Letter (sce fig. 2, Test 5). The letters in each row
ave equated for difficulty and are of equal size and width of stroke.
The size nnd width of stroke decrease from row to row from the top to
the bottom of the chart. The number of letters per row increases by
onie from five in the first vow to eight in the fonrth and remains at eight
in the rows which follow.

(3) .LAF Letter (see fig. 3, Test 8). The same six letters are em-
ployed in each row, nnd within the rows they are equated for diffienity,
size, und width of stroke. The size and width of stroke decreases from
row torow from the top to the bottom of the chart.

(f) LUF Constant Decrement (see fig. 4, Test 11). The size of
the letters and width of stroke decrease continuously by one Snellen

7
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FIGURE 4. —AAF Conslent. Decrement—Test 11.

& step from letter to letter. This decrement rims across each row and
. ' from top to bottom of the four rows of the chart. :
P Y = G K A | D, Resorcrioxn Opircrs. There were four tests which employed

objects such as dots and lines in an attempt to measure resolution as
an aspect of visual acuity. The letter tests, described above, have
_ been thought to measure resolution but are complicated by the inclu- H
K G Y N S P [ sion of familiavity of the letters. Each of the present tests required i
: the examinee to veport for each jtem in which of four possible quad- g
Fants of a dinmond-shaped space the test object appeared. This mode
of responise required the examinee to report “place where” the object
occurred, whereas, in the Jetter tests the examinee reported the actual ;
Jetters. It is essentinl to the siccess of these tests that the examinees
G X s P Y N continue to respond even when they believe it is guesswork., The tests )
in this group were— . )
(1) Dot Variable Size (see fig. 5, Test 3). A dot of constant black-
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Y . . . .
‘ ness was located in one of four corners of a constant-sized white dia- .

4 r » s . « mond which was surrounded by ® fold of uniform gray. The size -
of the dot was constant within each row of four diamonds but de- i

FIGURE S.-—AAM Letler—Test 8 5 ‘

J ot & creased from row to row from the top of the chart down. The dots

were located in corners of the diamonds in & chance order. N
(2) Line Resolution (see fig. 6, Test 9). A line of constant length K

and constant blackness was located in one of four corners of a constant-
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sized white diamond surrounded by = field of uniform gray. In each
item the line was-placed to radinte from the diamend center to one of
the four corners. In ‘ench row of the test chart there ave four dia-
monds, each containing a iine of equal width which pointed to & dif-
ferent corner of each diamond in n chance order. The width of the
lines decreased from row to row down the chart.

&
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= 1P1erRE Go—Line Resolution—"Test 9.
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- (3) Buausch and Lomb ( Teckerboard (see fig. 7, Test 7). 'Fhiswas
the same test object used in the Bausch and Lomb Orthorater in-
at 20 feet. Bach test item consisted of a dia-

ereased in size Tor use en . :
of which contained @ grid

mond grouping of four squares. one
A » Al I.

“‘ (checkerbonrd) coarser than the other three. The coarser grid was 2

of alternating black and white

Fiarre, 5.-- Dot Variable Size ~Test 3. : checkerboard type madle npr of rows
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graphic reduction, The position of the checkerboard square varled £ i)
from item to item in chance order.
(4) Oheckerboard Variable Grid (see fig. 8, Test 13). This test
used the same test. ob]ecc as the Bausch and Lomb Checkerboard test,
except that the figure sizé remained constaiit while the checke..l‘anrd
square of the diamonds of successive rows incorporated an increas-
ing number of black and white spaces with a resultant decrement in
the size of the spaces. Four items were used in each row of this test,
1 and-once again the location of the square containing the checkerboard
3 grid is distributed in chance order among all the items.

‘.- ¥ . JRK N ¢. Conrrasy Sensirrviry Ossecrs. Two tests were included which
: ‘ '*‘ ‘ employed brightness contrast betiveen. the objects and background.
b4 | The objects varied in grayness from that of the background in both
) " tests, being always darker in shade. Both tests employed the same
vesponse device that was used in the resolution tests described above.
3 The tests weve: -
(1) Quadrant Variable Contrast (see fig. 9, Test 4). Each test
object consisted of three quadrants of a constant-sized square similar
in shape to an arrowhead. The brightness of the arvowhead varied
from a darker than the background to a shade which almost matched
the background. Contrast between the figure and background
decreased from left to right within each row of items and from the
top row down. The direction the arvoyhead pomted in each item was
either up, down, right, or left, determined on a chance basis. In fig-
ure 9 we preqont only asingle item of this test. Thisitem is not a fac-
simile of any item of the actual test but shows the essential nature of
the test ol)Ject. Photo veproduction of the actual brightness items
proved impossible and for that reason this fictitious item is presented.
. ' (2) Dot Variable Contrast (see fig. 10, Test 10). The test object
was a constant-sized dot about 0.25 inch in diameter. The brightness
! of the dot varied from darker than the background to a slnde which
' almost inaiched the background. The dotf was located in one of the

squares4 whﬂe ‘the-grids of the other three squares in the .diamond
consisted of Tows of black dots. Viewed. from 20 feet, the three
squares consisting: of black dots were not resolved and appeared to
examinees as squaves of gray. The size of each dinmond group re-
mained the same for each row of four items, but decreased from row
to row down the ¢hart. As the whole group decreased in sxze, the size
of checkerboard dotted squares deueqsed in proportion as in photo-
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‘ ’ " four corners of a constant-sized dinmond which was the background
‘ &' ‘ ' mentioned above. The diamonds in turn were surrounded by a field
‘ of uniform gray. Contrast between the dot and ground decreased

from left to right and within each yow of items and From the top rov

down. The location of the dots in the corners of the diamond was
determined on a chance basis. Figure 10 presents a single test item
for the vensons stated under (1) abow Again, this sample is more
illustrative of the nature of the item than could be achieved by phote:
reproduction of the entire test chaxt.

d. Forxr Discrnarrvamion. Two tests were included which used a

o NG - :
"&‘ ’f?‘" "‘gi. "’ ‘ type of form discrimination as the basis of composition of the test
objects

L3
R R oo ol |

Tn botlt cases this was a discrimination between rectilinear
Faouss Tr-Buansel und Lomb Checks rboard-—T st 37, and curvilinear sides of the objects employed. Both tests depended
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Figere 8 —Checkervoard Variable Grid—Test 13,
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Froers O.—Quadzanit Variable Contrasi—>rest 4.
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on success in presenting curvilinear forms with rectilinear ones with-
oui varintions in area among them. All items were constructed in
4 manner which held sueh areas constant.

(1) Twiangle Discrimination (see fig. 11, Test 6). Each item
looked something like a Maltese cross. Four triangle shapes were
placed about a. circular dot so their apexes touched the dot at 90°
intervals, and their bases were at the top, bottom, right, and left of

.

Frerre 10— Dot Tarinble Contrust—Test 10.
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Freune 11.—"riungle Diserimination—"Tost G.

the ﬁgure. Three of the triangies were equilateral, while the fourth
was 1c}entical with the others in all respeets, except the side, or base
opposite the apex was bowed convexly. The convexly bowed side “:u:e
coustructed n such a way that this triangle was (’(1[1;11 m areg t;)~ om-i}
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of the othier three. The degree of convexity was constant for the-two

items in any row, but decreased from row to row from top to bottom
of the chart. The position of the curved-sided triangle was dis-
tributed among the items on a chance basis. ‘

(2) Square Discrimination (see fig. 12, Test 12).. Six square-
shaped objects were placed side by 'side in a row; making one item of
the test in each case. Of the six objects in each row, one was not a
true square while the other five were. The sides of the odd figure
were convexly bowed, but were so drawn as to make the ared of this
fisure equal to that of the other dive (1 square inch). The odd figure

was distributed in chanee order among the middle four figures in each
vow. The degree of convexity of the sides of the non-square object
decreased from row to row from the top of the chart dowin.

. Verxier on AmxNemext. (1) One test was included that used
this type of object which has been thought to measure a distinet aspect
of visual acuity. The design of the items was again in a form which
offered the examinees one of four possible choices of the eorrect
response.

(2) Ternier deuity (see fig. 13, Test 14). Each item was an equal-
armed cross placed in the upright position. One half of one of the
four arms of each was displaced laterally in a clockwise direction.
‘I'he degree of displacement decreased by groups of items. The first
two items had equal displacements, while the rest of the displace-
mient decreased after each group of four items. The position of the
prm which was displaced varied among the items on the basis of
chance.

/. Pracmce. It was essential to the value of the tests that the
examinees continued to respond even though they reached a point
where their reporls were guesswork. This was especially true of
those tests in which they repotted in which of four possible positions
the test object was seen. To train the exaninee to continue to e
point of *playing their hunches™ a practice test was given at the
beginning of each examination session. This test had the added effect
of instructing the men on the mechanics of taking the tests.

(1) Practice (see fig. 14, Test 1). The test object was a gap in a

modified form of a Landolt ring. The square C was placed in the

dimmond position so that the position of gap was distributed among
the items.on a chance basis. The size of the squayresqud t;he width
of u stroke and gap decreased by groups of items. This test object
may be considered either as a letter type on the basis of its C char-
acteristic or as a purer resolution type since the same shape is used
repeatedly in the test.

(2} Sealing of items. The test charts were constructed on two
priuciples of item sealing, 1. e., the physical steps of decrement in size,

19
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contrast, convexity, and alinement that were used. The two principles
were Snellen-type units and logarithmic units.
7] . A . . . -
(a) The Snellen unif bears a relationship to normal acnity which,
theoretically, has been set as correct resolution of two points separated

I visual angle ul a distance of 20 fect from the examines.

o3

) - Iyveed
0y 4 Miliute o
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Hence, ‘correct readings of letters whose critical spacings and width
of stroke subtend I minute of visual angle at 20 feet are said to
represent normal vision, Of course, populations haVe been tested
where the average of the popiilations read correctly below this size of
letter, but the Snellen scaling still depends on the .concept. In the
familiar fraction 20/20, the numerator indicates the distance .of 20
feet from which the letters are observed while the denominator- gives
the size of the letters in terins of the distance at which the width of
stroke and sizes of the giips in said letters subtend 1 minute of visaal
angle. When the letters of a test are larger than the 20/20 ones,
their size is determined as that which will subtend the same 1 minute
of angle at greater distance. Thus the 20/40 Snellen letter, while
observed from a distance of 20 feet, given by the numerator of the
fraction, Is increased in size over the 20/20 letter to a degree where
its parts would subtend 1 minnte at 40 feet, given by the denominator.
Likewise, smaller leiter sizes are based on a shortened observation
distance st which the parts of the letter would subtend 1 minute of
angie. The 20/15 letter size is that subtending 1 minute at an observa-
tion point 13 feet away. It readily can be seen that this unit depends
on an arbitrary definition in terms of observation distance and depends
on the assumption that so-called normal acmty is .constant .at any
distance.

(0) The logarithmic unit employed in a majority of the tests used
in this study is a function only of the visual angle. The test objects
decrease in size in steps which bear a logarithmic relationship to the
visual angle. This scaling unit assumes that perceivable increments
in diserimination bear a coustaini reintionship to the pont of change.
With this constant arbitrarily set at two, an object subtending 4 min-
utes is reduced by 14 to 1 subtending 2 minutes of visnal angle in a
decrement of one unit. The next step in the scale becomes 1 minute

=rafa I - 0 . = £ s § . 3
ang 0.500, 0.250, and 0:125 minute of anglo follow in that-order. This

scale cin be extended beyond the range given here and can be made
more discriminative by computing the intermediate angles.

(¢) A detailed tabulation of the units-employed in both the Snellen
typeand logarithmically scaled tests with the physical specifications.of
the items of all tests will be found in appendix A.

(8) Decrements between, items and between groups of items. In
addition to the two sealing principles employed, two methods of
presentation of items were used : First, a single item was used at each
seale value, and second, several iteiis were used at each value. The
AAT Constant Decrement test is an example of the first method in
which each successive letter was reduced in size by one Snellen step.
On the other hand, in the AAF Letter test six letters weré presented
al ench value of the logarithmic scale. We have named the two
methods (2) item to item decrement, and (?) group to group

FEAVLNE Dol

decrement. In most cases the group to group decrement was accorm-
23
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o ﬁiishédi;ém@!_)w to tow of the test chart. Thisdid not hold for the

Practice and Vernier Acuity Tests where the size of the test objects
and: the niecessary spacing on the chart caused the decrement to occur

" ‘within somie of the rows. | ~
(4) Number of charts per test. Limitations in the size .of the
charts (19 by 13 inches) led to the use of tiwvo-charts for certnin .tesﬁs
where the complete range of the items could not be included on « single
chavt. ‘Tive second ehart in caclruf these eases wasw continuation of
the first beginninig in the top row with the scale value following thnt

TarLe 11.—Gross characteristics of lests employed in a study of the faclors in visual
aeuily, PR 4075-0{
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'g?g_ Pile ! Typeofitem [ Seale El)ccrmuoln;:??}:g::"‘: 2:;;'3’1}“;(‘:
— ‘. I ! ;
1| Practice..... . . . ..., Resolution " Log Tronp o 33 I
2 | Army Saellen. ... - Tetter.. . Snell.  Group.. 45 1
3 | Dot Variable Size. ' Resolntivn Log Group . I8 2
4 | Quadrant Variable Con- . Briglitness Tag - Ttem 10 1
trast. ,
5 | New London Letter .; Letter.. .. log  Group . 82 1
£ | Triangle Discrimination.: Form Loy Group . 20 2
71 Bausch and Lomb | Resolution = Log Giroup 42 2
Checkerboard. ,

8 | AAF Letter.. . ..... ! Letter . .. Log Group -+ 66 1
9 | Line Resolution..... .. : Resolntion . Loug Group 48 ! P
10 | Dot Variable Contrast..' Brightness . Log.  Iem 10 1 1
11 | AAF Constant Decre- - Letfer . . " 8nell L Ttem 36 '; 1
ment. : ’ | i ,

12 | Square Discrimination.. Forin . . l.Lc;s .. Ttem 16 ! 2
13 | Checkerboard Variable | Resoluiion .. ' Log ... Group..4 48 ' 2

Grid. | { ; 1
14 § Vernier Acuity. ... .. { Aligmment. .. | Log. -.! Group.. 30 2
i | . t

of the last row of the first chart. It might have been more desirable
to present all the items of a single test on one chart since the items of
the second chart confronted the examinee with a more diflicult range
which could conceivably influence the response. However, this would
have entailed redesign of the entire apparatus and proceduve and, at
the time, was considered of slight influence on the present study:.

(3) Controlled variubles in thier rhockerfoard éesta.  The Bauseh
and Lomb Checkerboard and Checkerboard Variable Grid Tests pre-
sented § unique problem in variable control. From a sindy of the
initial versicns of these tests which were printed in toto it was apparent
fhat two modes of response were possible in the case of some items:
(a) A response based on seeing the checkerhoard squure of the item
as a checkerboard, aud (5) a rerponse based on seeing it in terms of
bl‘ig‘ntness. B}’ :hiftiug the response, after lookin o for actial checker-
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boards failed, it was-possible to-go on through a considerable portion

of the tests on thebasis of which square of the diamond locked darker,
To control this an extensive, if rough, test wis made of all the items
used in the two tests in question. First; the items were produced indi-
vidually. A sample of each size was placed at a distance from which
resolution of the checkerboard was no longer possible, according to
the report of special examinees used in this trial. By turning theitems
so that the-correct response varied in position on -chance basis and
recording responses of several men, it was possible to determine items
on which all four alternatives obtained about the same number of
responses and were therefore least subject to correct or incorrect re-
sponses on the basis of biightness judgments. These selected standard
items were then used to pick others of the same size by a matching
{echnique. This method was rough, but later results with the charts
and remarks of examinees indicate that brightness judgments were to
a large extent eliminated. :

(6) Nummary of test chart characteristics. Table II summarizes
the snlient churacteristics of the tests in the order in which they were
presented in the visual examination. More detailed information may
be consulted in appendix A.

2. Test Rooms

The visual examinations were administered in six test booths which
were close to identical in all features of construction and illumina-
tion. Such variations as existed was a function of the available mate-
rials and minor differences in construction. Prior to actual testing,
the examinees were oriented and adapted in rooms gpecially prepared
for these purposes. The entirve installation was included in a mess
hall at the Reception Center, Fort Dix, N. J., which was modified
for the purpose of this experiment. A floor plan of this building
giving the essential layout of facilitiés i1s shown in figure 15. This
plan shows a ceutral waiting room, used for orientation and inter-
view of examinees, from which passages lead to two adaptation rooms
(Al and A2). IFrom these, other passages lead to three test rooms in
either wing of the building (E1, E2, E3 from Al and E4; E5, E6
from A2). Specifications for all these rooms were determined through
consnltation with members of the Vision Committee .and extensive
{rial construction with the materials provided, .

a. Warrixg Rooar.  This room was supplied with indirect lighting
but otherwise contained no special features. It accommodated 30 men
al u time and was equipped with tables for interviewing purposes.

h. Avarrarion Roons. Experimental controls were first exerted at
the adaptation rooms where, while awaiting the examinations, ex-
aminees were exposed to controlled visual conditions.

(1) The rooms were about 10 feet long, 5 feet wide, and 8 feet high.

(s
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Ficure 15.—Schematic diagram, Vision Ezamination Building, Fort Diz, N. J.

With. hoth doors closed, they were virtually hfrhtploof with respect
to outside illumination.

(2) The walls were painted flat yellow.
visual microstructure were eliminated.

(3) A centm]lv located overhead Jamp (100-watt) was shiclded
from direct vision of the examinees by a special veflector. This wns
the only source of illumination in the roon.

(4) The walls at a 4-foot height from the floor measured approxi-

All sources of glare and
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calibrated to measure brightness. This brightness. comphed wxﬂx the
plan to have it fall between 2 and 5 foot-lamberts,

(5) Three chairs were installed for éxaminees awaiting ex.unma-'

tion.

(6) Air circulation was:accomplished by & fan.mounted on a corner
pedestal while the recoms were closed. Betweei test sessxons, the doors
to the waiting room were opened.

¢. Test Booriis. It wasattheboothsthat theimost.eXacting .phy,smal
conditions were established and maintained. The booths were con-
structed of 2 by 4 Jumber according to the p]zm shown in figure 16,
‘T'his construction was accomplished within six sections of the build-
ing separated by sheetrock partitions. The windows and doors of
these outer rooms were either walled off completely or shielded so
that outside light would not fall directly on the walls of the test
beoths. The shields were movable plasterboard and plywood baffles
placed as close to the windows as was required te avoid incidence of
daylight on the booth walls. They did not prevent flow of outside air
into the rooms. The following points cover the specifications of con-
struetion, furnishing, and illumination used in the booths proper:

(1) Dimensions. To inside dimensions, the booths were 25 feet
long, 10 feet wide, and 8 feet high.

(2) Wdll covering. The inside walls were covered with osnaburg
material of a special quartermaster lot located for this purpose. A
yellow-white in color, the cloth was originally specified as having a
reflectance value of about 40 percent. “This value was found variable
depending for the most part on the degree to which the cloth was
sireiched in application to the walls and variations in the weave of
different pieces. These provided no serious obstacle to achieving
standard lighting conditions.

(3) Lighiing. Placement of the lights in the booths and the dimen-
sions of booth walls were mmmc!':‘“" in obtaining the desived bright-
ness of the critical visible areas. For the booth d]menelons used, place-
ment of three 200-watt lamps at specified points on the center line-of
the coiling accomplished the desired effects. The specific points where
lamips were installed measuved 3.5, 10.25, and 21.0 feet from the front
wall as is shown in figure 16. Each lamp was enclosed by a standard
14-inch diffusing globe. Each of the two lights nearest the front wall
was shielded from the divect vision of the examinee by drops from
the ceiling placed about 2 inches belrind the diffusing globes and.ex-
tending Lhe width of the'booth. The baflleswexe que of several thick-
nesses of cloth and dropped to & point where direct vision of the globes
was impossible. They also served as reflectors and raised the bufrht—
ness of the front wall to the desived height. The hght dirvectly over
the examinee was similarly shielded fxom his vision while entermmg
the test booths. In addition, a distracting glare from overhead was

'2/;

mately 4 foot-lamberis as measured by the Macheth Illuminohle"tefr.f__.::.
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" eliminated by tu?ﬁing this baffle toward the front wall and stretch-

ing it between the-diffusing globe and-the examinee’s--h&ad-.- '

(&) Lighting conditions obtained. The booth const‘,ruc,t,wn d(}-
scribed above produced brightness of all critical areas which approxi-
mated the standards adopted by the Subcommittee on Procedures and
Standards for Visual Examinations of the Army-Navy-NRC Vision
Committee. The subcommittee’s standards proposed, “the brightness
of th; walls of the testing room at head height shall be not less than
3 foot-lamberts nor greater than the brightness of the test charts”,.and
“the brightness of the chart shall average 12 fﬁot-l:nnbgrts and shu!l
not be less than 10 nor more than 15 foot-lnmberts. Under no condi-
tions shall there be shadows or reflections visible on the chart.”

The degree to which these specificutions were approximated may be
noted from the measurements given in table III. The table gives the
range of brightness found for the top and bottom sections of a plain
white chart in position for testing in each of the test booths. It also
gives the mean brightnesses for the top and bottom of the chart and
the means for the total chart. All the values given are in foof-lunberts.

Tasie II1.— Ranges and means of brighinesses in jool-lamberls found al the lop
and bollom of a plain while lest charl in each of the lest beoths

Cliart top i * Chart bottom i Z}f,”‘n'
t H
Booth No. Range Range
e Mean = ——— —— Alen ; Menn
Tigh Low gl i Low

) R .. 1401 10.0 ¢ 124§ 12,4 9.8; 1L4 1L 7
e 1404 10.5 ) 12.5 1 12. 3 9.5} 10. 9 1LS
S S R 13.8 1 11,0 12,1 | 1L 7 9.21 10.4 11.3
SV 13.9110.541 12,5 12.2 0.9 11,1 11. 8
G e e e e miea - 1301304 12,21 12,0 9.61 109 1.7
L T e mm e m R e em 130 9.9 i1.9 1.7 8.0 1064 11. 2

The table shows that on the avernge the desired chart standard
(12.0 ﬁQQt:-la_mb.erts) was nppmximat_xgd. However, considerable var-
iation occurred, especially from the top to the bottom of the charts.
with the bottom always lower in brightness. This was a function of
the overhead lighting and was much more acute when the booths were
first erected. The difference from top to bottom was partinlly cor-
rected by laying cloth on the floor from the front wall to a point about
half way to the headrest. This arrangement sncceeded in raising the
brightness at the bottom to a greater extent than at the top of the
chart. 1In addition, a black shape was painted on the diffusing globs
of the light closest to the front wall 5o as to reduce the brightness of
the top of the wall to a greater extent than the bottom. Although
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these devices were Hever a8 successful'as.desired, the correlation was as
complete as could be obtained without an entirely new design for the
booths. In practice, the walls of the booths closely approxiniated the
desired specifications. At no point visible to the examinees did the
brightness of booth walls exceed that of the test charts or fail below
the prescribed minimum value of 3.0 foot-lamberts. There was a
constant gradation of wall brightiiess from about 8.0 foot-lamberts at
the area next to the charts to nbout 4.0 foot-lamberts at the rear of
each booth. Behind the mid-booth baflle (light shield) a noticeable
shadow appeared measuring 3.0 foot-lamberts in the corners formed
by the baflle, ceiling, and side walls. This shadow, falling as it did
well outside of a 10° visual angle around the center of the test charts,
was discounted as effecting the examinations, :

(8) Chart changers. The Buuseh & Lomb Optical Co. produced an
electrically operated chart changer which held the charts in position
for tesling and permitted the examiner to change them by remote
control. The 34-inch stock of the front of the changer was sewed and
glued to the cloth of the front wall of the booth so that the opening
throngh which the charts were viewed cast & minimum of shadow on
the charts.  "The changer had a capacity of S charts; thus, with 23
charts in the battery, 3 separate londings of the changer were neces-
sary. Beecause of operating difficulties conmected with the chart
changer, and the need for strict control in the order of presentation,
a booth attendant whose main job was to oversee and service the chart
changer was assigned to each examination unit.

(6) Furniture. Tach booth was equipped with a chair and headrest
for the exuminee and a table und chair for the examiner. The head-
rest was designed to fix the position of the chin and forehead of the
examinee so that the eyes were 20 feet from thecharts and theliead was
erect und could not tnrn from side to side. Mounted in a pipe base
fixed to tiie floor, the wooden rest could be raised and lowered to fit the
individnai examinee. The examinee’s chair was of standard height
(seat 18 inches from the floor), and during the test was pushed against
the base of the headrest. In this position, making use of the arms of
the chair for support, the examinee could maintain an erect posture
with Tis head in proper position without undue strain. Meanwhile,
the examiner sat at the table, a standard Army field table, in a position
to the left and slightly forward of the examinee. From this position
the examiner could conveniently give instructions and observe the
activity of the examinee’s left eye during the test. The headrest was
cut away to facilitate ebservation of the left eye.

(7) Ventilation. The entrance to each hooth was partially open at
ail times. Two fans, mounted on pedestals on either side of the
examinee and directed toward the front of the booth, provided ade-
quate civeulation without billowing the cloth of the walls and bafiles.
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3. Other Examining Equipment | | |

. Saxpre Trems.  Each examiner ws supplied with n set of 14
cards on which 2 or more sample items were presqnted for each.of the
é,xperime;xtal tests. 'These were exposed to examinees ‘,njgng mth the
instructions for-each test and were designed to facilitnte getting the
test task across with a minimum of verbal explanntion. The smnple
jtems did not duplicate the actual test objects o spatial-arraugements
of them and provided na-observable cues to correct responses.

. Occrobers. A fleshi-colored plastic occluder, held in pluace .by
elastic string uircling the head, was used to cover the right eye during
examinations. 1t fitted the face with comfort and was concave away
from the lids and lashes. Its most notable characteristic was udpns-
sion of general light to an open right eye while eliminnti}\g test objects

from the visual field of that eye. "\ 0 vesult it was possible to present
relatively equal amounts of light to both open eyes and to avoid touch-

ine the lashes of the occluded one and other varintions existing in the
a .
use of various hand-held devices.

'demhmmmlxunmdum

R

. Section IV. PROCEDURES

The procedures adopted for testing and data collation were designed
{o rontinize standard trentment of the hundreds of cases collected.
These procedures were focused on administration of the 13 experi-
mentnl tests and the practice test, to each examinee, either once or
twice, maintaining snitable experimental controls. A staff was
celected and trained to carry out the following sequence of operations:

Procurement of exaumninecs.
Scheduling groups to be expmined.
Scheduling examination procedures.
Preparing the test booths.
QOrienting the examinees,
Interviewing.

Collection of personal data from individual records.
Light adapting the examinees.
Examining.

Scoring.

Collating the data.

Coding all data.

1. Selection and Training of the Staff

@ Seknecrion. Twenty-five enlisted men were selected for the ex-
perimental stafl. It was decided that the group should have had no
previous experience in vision testing. Recognizing the possible exist-
ence of poor testing methods on the part of men with previous vision-
testing experience, we preferred to train men from scratch. TInitiai
selection was made on the basis of AGCT score, education, voice qual-
ity, 1 rough estimate of maturity, and interest to the point of volun-
tary choice of this assionment. The men selected on this rough
sereening were classified further by snmpling their ability to read test
instructions, to perform clerical or mechanical-operations, and on new
statements of their intervests. In this manner five different jobs were
filled with some subsequent reassignmernt and rotation of personmnelk
to nccomplish unforeteen activities of the study.

(1) Examiners, 14 men.

(2) Orienter,1 man.

(3) Interviewers, orienter and 2 examiners.

(-+4) Booth supervisors, 6 men.
(5) Data clerks, 4+ men.




T Y entmvemelist L R

S T mB.mcLee Ll -

- & TRAINING. One full week was devoted to training his staff.
Th'hiniug consisted of lectures; supervised practice, and,.ﬁnnlly,,? days
of “dry-run” for the whole procedure. Grentest 'f;oncgnt-rat.lon of
training went into the development of a professional attitude on _the
part of the staff. It was hoped that all .pcrsgggllel. would appreciate
the experimental nature of the work and maintain the controls by
desire rather than by compulsion. Then too, we §01lgz_lxt to de.velo.p
ability and confidence to deal with people. The examiners and ori-

" enter were coached in reading instructions and the series of events

in the test procedure. The booth supervisors were t-r=.nine(.1 to operate
and maintain all booti equipment and to make illamination surveys.
Meﬁfﬁﬂﬁle, thie clerks laid out the processes foy schedu}ing all (})’Qlltﬁ
and handling the data. As usual, pians made in the office had “l:)llgs
when applied in the field. During the conferences of the trainng
period, all procedures were whipped into more worlcnb!o f'()l'n.l. In-
structions to examinees were reworded, mechanical failures turned
up and had to be met by expedients. and clerical f)peml:ions were s'!m-
plified. In simplifying the job. while maintaining the basie de::'\gn
of the study, the enlisted staff proved invalmable. In the sections
which follow the procedures described are those finally acdopted.

2. Operations

a. Procoreaent or Exayryees. Examinees were drawn from the
processing stream of the reception center. The men were 'spott'_ed at
the physical profile section by reviewing age and previous left-.e.\'o
Snellen scores recorded on WD AGO Form 63. “Repart of Physical
Examination.” Selection of those to be tested was made in an attempt
to fulfill the distributions of age and Snellen score previously described
in section IT of this report.

b. ScuepuLiNG Grotres To Be Exaynxen. Examinations were sched-
uled between the hours of 0730 and 1700. Men were scheduled to
arrive in groups of 30 each, one gronp for the morning and one for the
afternoon. The AM groups were tested only once and made up the
sample of 531 cases we shall refer to as the TEST group. The PM
groups, totaling 261 cases, were tested and retested in the same order
on the following afternoon, approximately 24 hours after the first
examination. This group we shall cali thie TEST-RETEST group.
With 6 test booths operating and an AM or PM load of 30 men {o
be tested, it can be seen that 5 testing sessions were required in each
part of the day. This schedule was based on an estimated 50 minntes
for each session which turned ont to be adequate. However, as experi-
ence was gained, the staff shortened this time to roughly 40 minutes
for the Jongest examining sessions while some examinations of men
with very poor vision required as liftle as 20 minutes. Nevertheless,
to preserve order each session was started simnltanconsly by all exam-
ining units so the over-all time remained pretty much the same.
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¢. ScHEDULING EXAMINATION Pnoénnvmss. (1) TEST gro‘up.. As

we have seen, each examinee was given the practice test, test 1, fol-
lowed by the 13 experimental tests. In this procedure an important
control was employed. The order in which the tests were adminis-
tered was systematically randemized among-the men. tested to equate
the effect of fatigue upon each test. The-tests were always presented
in'the order of their listing in table IT (see sec. ITI). but the number
of the first test was varied systematically. For men examined in the

TEST gronp we had a running schedule for test order similar to the '

following sample.:

AM TEST
T'est scysions Test order
) U 2-3-4-5-6-7-8-9-10-11-12-13-14
2 34-5-6-T-8-9-10-11-12-13-14-2
S 4-5-6-7-8-9-10-11-12-13-14-2-3
N 5-6-7-8-9-10-11-12-13-14-2-34
S A ——— 6-7-8-9-10-11-12-13-14-2-3-4-5

As indicated, tests were presented in numerical order, but as each
new examinee was tested the chart which had been first for the pre-
vious session was placed at the end of the stock. For the first session
of the AM TEST on the day following our sample, the test order
would be : 7-8-9-10~11-12-13-1-2-3—4-5-6, and so on. The same test-
order schedule was preserved booth by booth, and over the entire ex-
periment. This resulted in complete equation of the number of times
each test was given first, second, and up to thirteenth.

(2) TEST-RETEST growp. An identical schedule was kept for
the TEST-RETEST group. In this treatment, however, another con-
trol wasused. Men were retested with the same order of test presenta-
tion as that of first test session. For this purpose the same schedule
was retnined for pairs of afternoons : Monday—Tuesday, Wednesday—
Thursday, and Friday—Saturday.

{3) Ewaminer rotation. Tlie examiners were changed from session
to session, two being assigned to each of the six booths. This alterna-
tion of examiners was scheduled with special care for the TEST-
RETEST sessions. A different examiner-administered the RETEST
in every case. This procedure was adopted on the assumption that a
great source of unreliability in this form of testing is introduced by
variation of examiners.

d. Preramine tng Trse Boorus. Each test booth, described in sec-
tion ITT, was prepated for the examination by a booth supervisor. The
vooth supervisor and the examiner in each booth worked as a team.
In preparing the test booth for each session the supervisor checked the
following:

(1) T'est charts. ‘The condition of the test charts offered the great-
est mechameal problem of the study. After much trial and checking
of different methods of storing the charts, one was adopted which gave
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the least overnight warping. This storage became a continnous task
for the supeivisors. Tn.addition, they constantly checked on the cleiin-
liness and general physical condition of the chaxts, substituting new
ones-wheén fiecessary.

(2) Chart changer. The supervisor inade certain that the changer
would function as well as possible. Daily oiling and repair of mal-
fuiictions was backed up by constant supervision while the tests were

.in progress. The chart changer never worked in a completely nuto-
matic fashion. As a chart jammed or fatled to fall all the way out of
the exposure aperture, the supervisor hand operated the machine to
expose the next chart. This was carried out with dispatch whenever
1t occurred and, while regrettable, did not give rise to excitement or
serious hold-ups in test procedure.

(3) Loading the changer. Befove each session. the changer was
loaded with the first six or seven tests in the ordev preseribed by
schedule. As testing progressed, chavts for later tests were inserted
behind those alveady loaded.

(4) Eaaminer’s materiale. The supervisor made certain of the
examiner's materials prior to each sesgion. This included the supply
of occluders and pencils, arrangement of the sample cards, and instruc-
tions for the tests in the order scheduled fov the ensuing session.”

(5) Spot check of illumination. Supevvisors and examiners were
constantly alert to possible failures of critical areas. Such failuves
included lightbulbs, cloth vips and separations, and any vigible shifts
 the general level of brightness which might occur (flll'ihg the test-
ing. If suspicions arose they called for more accurate meter survey
before the testing was continued. )

e. OrmextiNGe Exaynxees. Upon veception at the vision examing-
tion Huilding the men were given brief orientation :

You will take several eye tests this morning (afternoon). Some

mervva
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are like the tests You ook when Yoii eiitered the ."‘\Tm}'. Otheis are

new. Some of these tests may be better than others. The only way

to find out s to try them all and compare the results. That is why

you have been asked to take these tests. The scores you make wiil

not go on your record or affect your job in the Army. =
i I?\'TERVIEW. ' Certain personal data items were obtnined in an
mterview following the orvientation. All such data were. origmally
assembled on the IBM data form designed for the stndy, A copy is

) .. . . & i Eee e R S I

included in appendix B. Other sources of data were individual ree-
ords2 t:,he e).:aml‘natlon procedure, illumination surveys, and purely
a'dmnnstratlve 1tems such as dates. These will reccive brief atten-
:thﬂ as we come to them. The data, other than vision test scores
included— o

(1) Name of examinee.

(2) Army serial number.

(3) Age on last birthday.
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(4) AGCT standard score.

(3) Number of school grades completed.

(6) Station code (all Fort Dix). '

(7) Previous Snellen score (left eye only). o

(8) Statement of the examinee as to whether or not he wears glassés
(other-than sin glasses) and, if so, whethér habitually ot for reading

only.

(9) Estimated number of hours of rest in bed the examinee had the
previous night. |

(10) General health of the éxaminee estimated by himself as “excel-
lent,” “good,” “average,” or “fair.”

{(11) Date and hour of the test.

(12) Indication of whether first test or retest.

(13) Question of exnminee’s having taken drugs in the last 24 hours.
The term “drug” as used here did not include standard medication
such as aspirin, but referred to opiates; merphine, yarijuana, bella-
donna, etc., and to heavy drinking. If the examinee had taken any of
these drugs or had been drinking heavily within the last 24 heurs he
was dismissed without examination.

(14) Number of test taken first.

(15} Foot-lambert reading at center blank white chart taken from
periodic mensurement. '

(16) Examiner’s name.

(17) Indicatior: of astigmatism (not taken until the study had been
started hence the total sumple did not get this treatment).

(18) Test liked most (not recorded on the data form but coded from
information gathered by examiners).

(19) Test liked least (not recorded on the data form but coded).

(20) Irregularities (coded from information supplied by exami-
ners and including: none, power failures, illness, wrong test order,
wrong spatial orientation of chart, occiuder not iitting, outside qis
turbances, head cold, other). . :

(21) Question of whether or not the examinee’s eyes were tired-after
the tests were completed (coded from information supphed by exam-
iners including : no, left eye, right eye, or both).

(22) Race (all whitein this study).

(23) Booth number (coded from administrative schedules).

g. CorLecriox or Prrsoxar Dara Froxr INprvipuarn Recorps. As
nentioned some items of personal data in the list cited above were
obtained fromm WD AGO Form 20, Soldier’s Qualification Card,
and WD AGO Form 63, Report of Physical Examination. These
records were inspected by the men of our staff who selected and sched-
uled the men to be tested. This information was sent by name and
serial number of the data section where it was collated with the other

itens for cach examinee,
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ing the examinee to the situation, giving general instructions, gi
specific instructions for each succeeding test, exposing the tests, record-
ing theresponses, and, after all tests were given, questioning the exam-
inee to gain his impressions.

%. Laanr ApapratioN. After the interview, the six men to be tested
in any session: were divided into two-groups-of three, one for tests in
cither end of the building. Each group was led to the respective
adaptation'rooms, seated, oriented; and remained there for 10.minutes,
at which time the examiners picked up their examinees, introduced
themselves, and proceeded iminediately and directly to the test booths.
Examinees and examiners who had completed the previous session
waited on. the test booth side of the adaptation room and left the nrea
as the new groups moved in for testing. The new orientation received
by examinees at the adaptation rooms was as follows:

You are asked to spend & few minates in this room, which is
lighted much the same as the test room, in order to get used to the
change in light from the outside. While here, it 1s best not to
read or stare at anything. Please do not simoke, as it is diflicult to
air this room which is used nll the time. Yon will be told aubout the
tests in the testing room. We thankyou for your cooperntion in this
program to secure a better eye test for the Army. Please do the best
you can in these tests.

st-

& Bxssmwarios. Administration of the fests congisied of adih
S

!
mg

(1) Adjusting the examinee. The examinee was seated and head-

rest adjusted to a position in which the plane of his face was roughiy
perpendicular to the floor. Examinees were urged not to hang them-
selves by the chin on the rest but to use it as a guide for positioning their
heads. The occluder was then introduced and tried over the right eye.
In the adjustment of the occluder examinees were told to be sure their
lashes did not touch the inside during a blink. Accompanying these
activities the examiner gave running instruction as follows:

You will take a series of 14 eye tests. Please do yonr best in each
test. The left eye will be the only one tested. This cover will be
worn over the right eye for all the tests (give examinee gccluder).
Please-keep it over your right eye during testing. Keep both eyes
openat all times. Whenever you are being tested, you will nlso place
your head against this headrest (explain as necessary). If at any
time during the test, your eye feels tired or “waters,” tell me, and
we will stop for a rest.  There will be a 2-minute rest period between

frato
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(2) General instruction. With the examinee seated the examiner

gave general instructions:

Here is the way you take tlie tests.

For each test, charts will appeur at the other end of the room.
In some tests letters will appear on the charts, and in other tests
figures will be shown. Before each test, I will show you a sample
letter or figure such as you will see on the chart when the test begins,

P p——
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You will be atold%-‘whai; to-look for in each test.and-how to 3@} me

what you see. Always start each test with the top row-of letters or
figures. In one test, there is only one letter in-the top row. In
other tests, the top row will have as many as six letters or figures.
Start with the letter or figure at the left end of this row and go
from left to right across the chart. When you have finished the
top row, begin at the left of the second row and again go from left
to right, Continue in this way down the chart, always.going from
left to right ncross the rows as you do in reading. . : :
Ench test gets harder and harder as you go through it. Always
keep on trying. Guess if you are not sure.  You wall be surprised
at the number of times a guess is correct. Continue to call out your
answers to any test until L sny “That is enough.” Some tests have
two charts to be shown one after the other. You will be told: how
many charts are coming before each test begins. If two charts are
used i a test, the second will appear immediately after you have
finished the first one. Go on immediately at the left end of the top
row of the second chart and continue until I say “That is enough.”
(3) dstigmatic index. With the examinee in position for testing,
the astigmatism chart was exposed o the left eye. Examinees were
asked to describe what they saw. An attempt was made to avoid sug-
gesting the appearance of the radial lines on the chart by the form
of questioning. Examinees were asked to report any differences that
appeared, and, if so, how the radial lines differed. Finally, those who
perceived differences were asked at what position of the clock (1,2, 3,
4 o'clock) the Tines uppeared “darker,” “more distinct,” or the other
qualities adopted by the individual to describe their experience. The
natnre of the data and the errors of measurement, e. g., head position,
attendant te this rongh index have led us to doubt the value of these

data,

(+) Specific instruction. Instruction for each visual acuity test
began by showing the sample items for the test and continued as in
this quotation of the instruction for the practice test:

_ Here is n. sample of the figures yon will see on the chart.” Notice
that one corner of each figure is missing. You are to tell me which
corner of ench figure is missing by saying: top, bottom, right, or
left. The missing corner, gets harder to see. Keep trying., Guess
if you are not sure. Remember, start with the top row of figures.
Read from left to.right. “There is one chart for this test. XKeep
going until I say, “That is enough.”

Ave there any questions? Get ready. Xeep both eyes open.
Go nhead.

The specific instruetions for all tests are shown in appendix B.

(3) Ewposing the charts. Before the signal, “go ahead,” was given,
the examiner exposed the chart for the test. If the chart changer
failed to funetion at this time, the “go ahead” was delayed while the
booth supervizor hand-operated the equipment to make the proper ex-
posure. This was usually accomplished in a matter of seconds and
was followed instantly by the test.  Similar delays were encountered
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throughout the procedure and were handled with dispatch by the ‘ 4. CoLraTiNG THE Data. The dats fromlml(;e:w%\lvs, testnllg, m:’d
examiner-supervisor téeam. Such delays were infrequent and had no personal records were collated by the data cler €. visual acuity
obsérvable influence-on the data. However, we cannot advocate such tests were scored in two ways at this time : number right to three con-
- difficulties as conducive to standard pmctice. : secutive misses and number of attempts. In lufer tleatitzinéf of ths
’ (6) Recording. Recordingresponses was a three-part job, marking data othe\r] i;cofr;;ug formula;e tw;n; lzwfftiﬁz:;f;ld{illﬁ o\::lme o rs:lufsise(led
the IBM data sheet, periodic observing of the examinee, and supplying ‘ below. All of the accumulated datw we - (
- iottvatior Q - cOdu{'l;l f the data W oded in the field for punching on
ta) Marking. Theexaminor muked cg;rect respoluses only] on the II;CMCCO:;‘](;:(“ 'i‘he (:teu:: sg ‘(:Jo‘c;::le:;cluded the 23 pomtls) mentl(';ned
; ection of the date sheet for each test. ectrographic pencils were ¢ M cards.
Bl ised. Each test was continned uitil the oxmm‘iea made three con- under f above, and the test scores. Ads.d’lléiﬂe code sheet which was
.l secutive errors. No attempt was made to record the nature of the ( used forrﬂlls purpose is shown m}lPP("“. X . ‘ .
4 errors in the calls of the examinees. l. Re EST. All of the foregoing pLooef]ulosu.\rvole.;aI:p ted in »11e
i (b) 05887‘1’?:’21(]. '.EX!IIII;-]IQL‘S p(xr;,hdj(-au)r obeerved the positjon of retest SQSS.IODS e.\'ee])t ias 1]0(’0}1. . Another lll.ll)OI'U}llt W—anatlou: mn .t e
l the examinee in the headrest correcting twists of the head as they retest sessions was the abbreviation of the~61'1eu.tat1o11.audfttu;t %nstl'uo-
occurred. More important, the left eye behavior was carefully tion. Tor these sessions, all but the most essential parts-of the mstruc-
watched for squinting, excessive blinking, watering, and other signs tion was eliminated.
3 of fatigue. Tests were stopped when these signs were noted and
suitable corrective rest or reinstruction were applied. )
(¢) Motivating. The test scores from this group of tests depended o)
. on the examinee's perseveration in the task through the “threshold.” .
That 1s o say, the examinees had to continue to call some response
even when the visual situation made it sheer guesswork. This pre-
L L. sented a problem of wiging the examinees to continue the task, but
in a way that would be standard for all. In addition to the initial
mstruetion to “keep tryinfr" and “guess if you are not~sure.” standard
% methods were ad‘opted 1 the test period. When an examninee halted
i on an item, 10 seconds were allowed for the response. If no response
' was alic

vas-elicited in that time, the examiner repeated, “keep trying, please,

guess if you are not sure.” Another 10 geconds were nllowed for the

- response. If none was obtained, the prodding phrase was repented.
1f in the 10 seconds following this second statement to the expminee

he failed to respond, the test was stopped. It wax mumod in treating

. the data of sich men that the next three items, in cluding the one

i on which the examinee halted, would be misses.:
(7) Rest periods. A 2-minute rest period was allowed between
tests. Examinees were instructed to Jean back, remove the occluder
i to a position on the forehead, and not to look at the charts duung this :
L
f

period. During this period examiners answered questions about the
procedure \nthout reference to specific-test items.
(8) Questions at the end of the session. The TR

e e

i L8 seskion. . ie EXRITINEE'S TLb[JUllS(.S '
. to the following questions were recorded at the end of ench session: f |
(a) Which test did you like most? . ;
(6) Which test did you like Jeast? |

(¢) Are your eyes tired? (If the answer was ¢ ‘yes,” the examinee
was asked if this applied to the left eye, vight eye, or both.)
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Section V. RESULTS AND DISCUSSION

Three major studies weré made of the data collected at Fort Di.\':.:
Determination of test-retest reliability by seven different scoring
methods and examination of the relationsh ip between methods.
Factorial analyses of three intercorrelntion matrices to discover
the aspects of acuity measured by the 14 wall chart tests.
Item analyses and study of frequency distributions.

Because of its implicit value in throwing light on the factors meas-
ured by combined wall chart and commercinl devices as well as phoria
and stercopsis tests, we also present factorial analyses of data col-
lected at Submarine Base, New Londen, Conn. These analyses will
follow the factor analysis of the 14 wall chart tests mentioned above.

Minor studies were made of the Fort Dix data to determine the in-
fluence of certain variables in testing procedure, the intercorrelation
of AGOT and letter test scores, and the opinions of examinees about

the tests.

1. Test-Retest Reliability by Seven Scoring Methods

The first step in analysis of the 14 wall chart tests was a determinag-
tion of their reliability. Moreover, it was essential to find out which
of several feasible scoring methods would yield the highest reliability.
In the absence of other independent criteria we decided to adopt the
most reliable and consistent scoring techniques as the basis for further
analytic study.

From the 261 cases whe were tested and retested 24 hours latev re-
liability coefficients were computed in the formal Pearson product-
moment’s. These are presented in table IV for each of seven methods
of scoring studied. The methods, described briefly at the fool of
table IV, were founded on considerations of the forms of the tests,
methods of testing, and previous methods of scoring such devices.

The means and standard deviations for each test and retest by
each of the scoring methods are given in table V.

Most of the tests show adequate velinbility if a correlation of 0.80
or higher is accepted as adequate. From table IV we see that correla-
tions differ considerably depending on the method of scoring emi-
ployed. However, all but four tests have reliability coeflicients of
0.80 or higher by one or another scoring method. The four tests which
have unsatisfactory reliability in their present form ure:

Tesr 4, Quadrant Variable Contrast, with reliability coeflicients
ranging from 0.41 to 0.58 by the different methods of scorning.

Tesr 6. Triangle Diserimination, with cocflicients ranging from
0.65 to 0.75.
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{Showing test-retest correlations (Pearson ~pmduei-momeh§)a{m~r13 vision tests a-nd ‘
methods of scorlng.  The tests wero glven 24 hours apart} the practice test by 7

Txwew IV.~Reliabilitics of 13 vision tests-and 'ilié“j;i'&éﬁi&‘iéii"'ii}ih"‘@""iin’éihﬁﬁf‘;ﬁf“ =

. Scoringmicthed :
Test ' : - i T Meihod
A B c D | E F G- adopted
1. Practice test oo . 0. 60 10.76 {0.80 |0.76 10.75 10.74 [0:80.-1 C
2. Army Snellen oo .69|.84|.82]|.78|.83|.807.88| C
3. Dot variabie size .. ... .84|.8 |.881.85]|.92].85|.85| C~
4. Quadrant variable con- ‘ ‘
R 5 1 S .58 .54 .59 1 .53 .41 |._.__ BT A
5. New Youdon letter-._..| . 60| .84}.84|.81|.83.8|.88| C
6. Triangle discrimination..j .68 1.731.72 .65 .66 |[_-._} .69 A
7. Bausch and Lomb check- :
erboard. - v e .791.80 ) .81L1.761.75}.76].7% C
8. AATF letlerac e aaaa o ns .78 1 .87 1.8 .8].88|.871.89 C
9. Ydue resolution. .oueeaeen .75].8].86}.82).83]|.83}.8 ]| C
10. ot varinble contrast. ...} .49 ] .45 ].40] .82 ].30 | __.. .43 A
il. AAY constant decrement. | .72 | .83 | .84 .82 1) .84 _____ . 87 C
12. Square discrimination__..| .42} .42 ] .43 .37 .33 {——-__ . 44 A
13. Checkerboard  variabie
7 I .84|.82.85|.81|.761.83|.81| C
14. Vernier seuity .- .o---- .741.87.76].69}.73 |- .80 | C

Scoring metheds

A. Number of righis {o the first miss,
B. Number of rights to the first miss plus number of attempts.
(. Number of rights {o 2 consecuiive misses.
1. Number of attempts to 2 consecutive misses,
T, Number of altempts up to the first point following -which 3 of 4 items are
missed.
F. Line numberafier which at least 50 percent of the-items are missed. Not used
for tesis 4, 6, 10, 11, 12 and 13, -
G. Number of righis to 3 consecutive misses.
Tesr 10. Dot Variable Contrast, with coeflicients ranging from
0.30 to 0.49.
Test 12. Square Diserimination, with coeflicients ranging from
0.33 to 0.44.
These fpm* tests ave, interestingly enough, those with the fewest num-
ber of items (10, 20, 10, and 16, respectively). In addition, two of
them, tests 6 and 12, give rise to distinet configurational effects as
presently displayed on the charts. The items are undoubtedly too
close together. In terms of the number of items, some improvement
in reliability can be expected by increasing the test length, i. e., adding
a number of similar items to edch test. By means of the Spearman-
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Brown prophecy formula we can estimate the rehabxhtxes of longer
tests from the known reliabilities of the Present versions, These esti-
mates are given in table VI for tests 4, 6, 10, and 12. In this case we
have estimated reliabilities for tests doub]ed in. length and have used

the highest reliability obtained for the present versions as given in

table VI. B -

‘asie VI.—Presént test-relest reliabililies for /4 vision tests and eslimaled reliabilities
Jor comparable lests of lwice the present length, by Spearman-Brown prophecy
SJormula

Test noesent | Present Estimated

itom: s rs
4. Quadrant Variable Contrast_ ... . comre .. 10 0. 59 0. 74
6. Triangle Discrimination. ... . . ... .. .. ... 20 .72 "84
10. Dot Variable Contrast_. ... e e 10 .49 .-66
12. Square Diserimination. ....... . .. ...... . 16 .44 . 61

From the estimated reliability coefficients in the last column of
“able VI we see that doubling the length of test 6, Triangle Discrimina-
tion, raises its reliability to 0.84. This is more satisfactory than the
present finding. As for doubling the other tests, some improvement
is predicted but not enongh to attain the arbitrary level we have set
for satisfactory mlmbxhtv, n nuelv (.80. However, evaluation of re-
Nability solely in terms of the size of the coefficients omits several
considerations of highly practical importance. Until validity studies,
factorial analysis, and the practicability of constructing and admin-
istering revised tests are considered, the veliability of the tests cannot
be thoroughly evaluated.

T terms of validity, some of the tests used in the current study may
be expected to be more valid for given prediction purposes than others.
If such proves to be the case, such tests may be useful even though a
wide range of relinbility is found for the present forms. Of course,
an attempt should be made to improve tests with low reliability. As-
suming that all present tests are equally valid, those with initially low
relinbility mny be expected to show greater improvement in validity
following an increase in their reliability than those whose initial
veliability is high, For example let us assume validity coeflicents of
about 0.50 for all of the present tests. If the Quadr‘mt Variable Con-
trast, with present velinbility at 0.59, were doubled in length, we have
seen that the new test would be expected to have a reliability of about
0.74.  In turn we may prophesy the improvement in validity by for-
mula. In the case of our exaniple a validity of about 0.56 may be
expected. Compare this with what may be expected in the way of
improventent for a test with iitial veliability of (.80 and validity of
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0:50... "The vahd;t,) eXpécted in this.case will be of the order of 0:33
while ‘reliability shoots to 0:89. Fromthis-example, it isappavent that
unreliable tests gain proportlonately more when lengthened than
do those with high reliability. It is apparent that validity should be
considered aion_g with test reliability.

A second consideration in evalunting reliability is the degree to
which any test may be found to measnre different factors or aspects
of, in this case, visual ability. As will be seen in the discussion: of the
factorial analysis in the sections below, tests may be found which
mensnre several aspects of visual ability us well as other unknown
factors. If the goal of measurement is to measure such aspeets in
pure and mlmble form to predict performauce on the job, it muny
become important to revise selected tests to improve thur pxec‘hctlon
for certain purposes. Until we know for which aspect we need
improved tests, an arbitrary size of reliability set at 0.80 is not foo
meaningful.

It is one thing to speak of improving tests and quite nnother to
construct the new items or add similar ones {o the senle. Tn light of
the difficulties encountered in consiructing and using the present forms
aword of caution seemsin order. Only by the em'ﬂo‘ ment of new and
more exact techniques for scaling brightness diserimination items will
mass production of such tests be accomplished. XYarge scale produc-
tion of checkerboard items seems equally unfeasible by the methods
presently employed. Finally, the present chart forms are felt to be «
block to improvements in reliability because of Hmitations in size.
Certain items such as the triangles, squares and vernier crosses were {00
<close together. Tucreasing the space befween items wiil lend naturally
to problems of chart size. These points will be treated further in the
discussion of item analyses below.

What of the selection of a scoring method for further analysis of the
data? TFrom table IV there seems little to choose between methods
G and C with rvespect to highest reliability. Letter tosts aye slightly
higher by method G, but othier individunal tests sve slightly ‘lo“er m
reliability by this method. Method .\ gives the highest value for test
10 Dot Variable Contrast and about the sume vaine as method C* for
test 4 Quadrant Contrast. In the case of these two tests us well as the
square and triangle tests there is some logi¢ in choosing method A
because the items were presented one for each stimulus vulne After
much cousudemtnon, and perliaps for tenuous reasons, we ndopted the
methods shown in the last cotumn of the table,

At the time of adoption method G had been overlooked. pAsa result,
the two factorial analyses of Test and Retest intercovrelations were
completed on the basis of the methods adopted as shown in table 1V,
The final factorial analysis of 531 cases who were fested only once was
made of scores bared solely on method (1. As we shall see this made
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little difference in the result;s of the analyses. Fingily, item analvses_
and other reported studies were dlso based on the G' method.

Some Jight is thrown on the comparative value of the scoring methods
by an m‘alycne of the intercorrelations between them. Althongh these
are-available in detail, they are considered too extensive for inclusion
in this report. In g general, scores by the various methods are lughly
intercorrelated. 'Ihis is especially true between first-test.scores by the
different scoring methods and the retest scores by those methods.
First-test against retest correlations weve, of coursé, lower, repre-
seiiting error in measurement from test to retest.

2. Factor.Analysis of 14 Wall Chart Tests

Three separate-analyses were made of the intercorrelations (Pearson
product moment r’s) or the test scores. The distinction of the three
malyses parallels that of the three experimental treatments: Test,
Retest, and Test-only. Two intercorrelation matrices, Test and Re-
test, were computed from scores attained by 261 cases so treated.
The third was computed from scores attmned by 531 cases who were
tested but not retested. Iach original matrix is presented in tabular
form with the factor loadings and residual intercorrelations when the
factors were extracted. The three tables arve:

Table VII. Intercorrelations (lower left of the matrix) Residuals
(upper right), and Factor Loadings from analyses of 261 first test
cases of enlisted men tested twice at Fort Dix, N. J.

Z'able VIII. Intercorrelations (lower left of the matrix), Resid-
nals (upper right), and Factor Loadings from analyses of 261 retest
cases of enlisted men tested twice at Fort Dix, N. J.

Table IX. Intercorrelations (lower left of the matrix), Residuals
(upper right), and Factor Loadings from analyses of 531 cases tested
ouce at Fort Dix, N, J.

Table X. A summary of the factor loadings of all three analyses
bringing them together for discussion purposes.

In. .‘[nctor analyzing these data a gronp factor method was used to
derive the aspects which make meaningful the relationships repre-
sented by the original intercorrvelations. 1In this process a minimum
of rotntion was required (atmost two rotations) to reduce the loadings
on orthogonal axes to simple meaningful structure. In all 3 analyses
4 factors were discovered which account in varying degrées for the

variance in test scores on k1l 14 tests (practice hawving been. ineluded).

other than that confributed by specifics, which are unanalyzable in
the current vesidunal matrices, and error or lack of 1e11(1b111ty E‘mch
factor will be discussed - Lurn. :

a. Tacror I—ReriNan Resovumon.. Scorves on all tests ave depend-
ent in generai on this fucior.  Loadings on this aspect of visual acuity
ange in size from 034 1o 0.93 for all three analyses and variously
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account for from 116 to 86.5 percent {square of the loadings) of the
vatiance in test scoves. ‘The tests having been renrvanged for pur-
poses of segregating those which cluster with highest loadings on ench
factor, it canbe seen that the first eight tests (7,13, 5, 8, 2, .11, 3, and 9)
have the highest loadings on factor I. Tncluded in this groupy we
find that two checkerboard tests, all four Zetter tests and the dot and
line resolution tests. In these tests, with only slight differences among
the three analyses, factor I accounts for from 67.2 to 8G.5 percent of
the variance in score. Relatively high loadings are also found on the
practice (1) and vernier (14) tests (51.8 to 67.2 percent o_f the vn %'i.-
ance.) Tiie other-tests, the two contrast nnd square and triangle dis-
erimination tests (4, 10, 6, 12) also show up with significant loadings
on this factor. The amount of variance accounted for is lower in these
cases (11.6 to 46.2 percent, but in only two instances, test 12 for the
first test and retest samples, does the variance attributable to any other
factor exceed that found in factor L.

What is this aspect that so generally accounts for vaviance in
score on all the present tests? It looks like a geneynl ability to dis-
criminite ne matter what is being seen. " It may he culled nbility fo
discriminate between a differentinted and an undifferentinted aren
of the visual field. Since the tests for which this factor explains the
areatest amount of variance predominamtly involve what has been
called retinal resolution, this nume ix suggested. However. before
adopting the title, it is wise to examine another rationnle. The two
checkerboard tests (7 and 13) were standardized before their use in
the present study te eliminate brightness differences of one or an-
other part of the items as cues to correct responses. Rough as the
equation for brightness may have been, it seems to have worked pretty
well. For, without any rotation of the orthogonal axes, these tesis
were highly loaded on factor I while showing near zero or slightly
negative Ioadings on factor I1 (brightness). °This is additionai evi-
dence that this factor is one involving discrimination of spatial pat-
tern and it is called retinal resolution.

(1) Zest purity. The degree to which any tests measure retinal
resolution, more or less free of other factors, requires a look st the
loadings on other factors. We have found that the checkerboard
tests (7 and 13) are free of the brightness nspect. 1t also appears that
these twa tests shaw near zero loadingss on the other two factors dis-
covered. All other tests show some contamination by other modes or
aspects of response. From these analyses it is concluded that these
two checkerboard tests measure retinal resolution in greatest purity.

Practically speaking, the present analyses offer some interesting
suggestions on how to test retinal resolution in pure form if such iv
desired. Firvst, it is obvious that just any old elaut will not do. Some
tests which have been constimed to measure this function have load-
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TESTS

Vernier

7 Bausch and Lomb Checkerboard

13 Checkerboard Yariable Grid

5 New london letter

8 AAF Letter

2 Army Snellen
11 AAF Constant Decrement
3 Dot Variable

9 line Resolution

4 Quadrant Contrast

6 Triangle. Di

1 Practice (Square C)

12 Square Discrimination

10 Dot Contrast

1,

igs, to ‘be sure, but félaﬁiiféljy smaller amounts of score variance are ;
accounted for by retinal resolution. Such tests are contrast and: form K
discrimination tests (4, 10,6, and 12). To use these tests to measure .

factor I is to invite troubles. A second point is the advisability to /

e 7

pick easily constructed tests to mensure this ubility.~ “Why slaveover-— — |
letter tests which -offer such problems in equating letter difficulty,
when the checkérboards so patently avoid the problems? Something
could be said too for tests utilizing simple lines or dots. But, as we
shall see, in their present form these tests seem to measure other
factors as well as retinal resolution. -

(2) Consistency of loadings over the three samples: Thefirst fac-
tor, retinal resolution, has quite consistent loadings for 2il the tests
as we move from sample’to sample. Loadings on this factor tend to
be slightly higlier for the retest and test-only samples than for: the
test sample. “The Targer sample in the case of test-only (531 cases)
nnd greater intra-individual stability in the retest group may account
for the generally higher intercorrelations obtained in these analyses. !

b. Facror IT—Brienaxess DIsCRIMINATION. The highest loadings
on this factor in all analyses were found on the two brightness contrast
tests (« and 10). From 4.0 to 30.3 percent of the variance in test
score on these two tests is accounted for by this factor. It is there-
fore named brightness discrimination.

The surprising fact is the significant or near significant loadings
found for other tests on this factor. In three of these tests (3, 9, and
14) the aspect accounts for from 4.0 to 19.4 percent of test score
variance. The letter tests apparently do not measure brightness dis-
crimination having loadings ranging from zero to insignificant posi-
tive values with one glaring exception. The Army Snellen (2) has
a rather significant loading ( 0.29) in the analysis of first-test data.
For some reason 7.8 percent of score variaice on this test is accounted
for by the brighiness factor in this analysis. Apparently brightness
cues were present in the test. This is conceivable and may be explained
by the amount of previous investigation and revision that went into
the Snellen chart which was less than that to which the new London
and AAF letter tests were subjected. Other tests for which the factor
has barely significant but rather consistent loadings ave 6, 12, and 1.
In these tests up to ubout 7.8 percent of the variance is accounted for
by brightness discrimination. The lIoadings for the checkerboard
tests (7,13) cluster around zero..

The explanation for the loadings of this aspect of vision on the Jine
resolution, dot variable size, vernier, and practice tests (9, 8, 14, 1)
seems rather simple. In all these as well as the contrast tests corrich
response is a matter of seeing “place where” a darker or lighter area
appears. Thus in the dot variable size test the place where n slightly
darker biur appears may be correctly called after all elavity of the
dot appearance has vanished. If this mode of responding is accomn-
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plished by eye inovements, such & response should be énhanced by
bringing into play other populations of end organs. Thisaay account
for the consistently higher loadings on the line resolution test (9).
In this case the line (always of constant length) may be considered

a series of dots which when moving about as a retinal image would

by change cover greater populittions of end organs than in the case
of a single dot. Similar explanations may be offered for loadings
on the veriier and practice tests {34 and 1) nnd in the more visible
ranges of ‘tlie diserimination tests (6, 12). In all these cases correct
responses do not always depend on clearly seeing the object as pre-
sented but may be made on the basis of where the items appear davker
or lighter. )

This is in direct contrast to what is required in both letter and
checkerboard tests. Once the examinee’s eye shifts or the objeets
become blurred for any reason whatsoever the {est is over nnless by
some chance brightness cues are present in certnin unstandardized
items.

(1) Test purity. This might better have been labeled test impurity,
for no tests were found which measured the brightness discrimination
factor alomie. In fact, for all of the insttuments on which this factor
has significant loadings, the amount of. variance in score accounted for
isalways the same or less than that accounted for by retinal resolution.
If we select the best test of the brightness aspect in the present battery,
quadrant contrast (4), retinal resolution accounts for 30.3, 33.6, and
42.3 percent of variance in the test scores of the three samples. Mean-
while, brightness discrimination accounts for only 30.3, 23.0, and 13.7
percent of test score variance in the respective analyses.  Itisapparent
that in their present form the contrast tests measure resolntion to a
greater extent than they do the brightness diserimination factor. This
indicates that such tests require a great deal of spatial localization in
the retinal resolution sense. In the case of the quadrant contrad fost
the response called for was in terms of “which way the arrow is point-
ing;” while in the dot contrast response was made in terms of where
the dot appeared in a diamond surround. This suggests a way of
developing a purer brightness diserimination test: simply make the
response independent of spatial pattern or as it has been called “edge”
diserimination. This was obviously not accomplished in the present
tests. “Present” or “absent” in large unstructured aress rather than
“present here” or as an “arrow pointing” would be more suitable modes
of response. This improvement is common to laboratory practices,
and it remains to invoke such a device for clinical measurement of
brightness discrimination ability if such is justified as having snflicient
validity.

(2) Consistency of loadings. The brightuess diserimination factor

- we

(0:28) diminishes to nsignificance (0:07) on relest. “This indicates

that first-test performances included more responses actively @sso-

cinted with brightness discrimination (eye movements or devidtion
from trying to see the exact nature of the objects) than in the case of

retest: Forthelarger sample of test-only (531 cases) the loadingson

brightness discrimination are of about the same order..of magnitude
as those found for the retest sainple. Because of the greater number
of cases with higher initial intercorrelations the results of the ldrger
test-only analyses are probably closer to the “true’ values than are those
of the first-test analysis. .

¢. Facror III—Fonry (Lerrer) Penceerion. This factor has con-
sistent, rather significant, loadings on all the letter tests (5, 8, 2, 11).
The amount of Jetter test score variance accounted for is not high,
ranging from 4.4 to 15.2 percent. The practice test (1) also has con-
sistent loadings in the factor but less significant ones (3.8 to 4.0 of
score variance). Since this test employed a modified C as the test
object, small loadings are not snrprising and lead one to believe that
this aspeet is a “letter perception” factor. Before jumping on this
umne, however, let’s leok at some more evidence. 'With few exceptions
the Tactor has near zero or insignificant positive loadings on all other
teste. Ixceptions are loadings of 0.17 and 0.24 on the Vernier Acuity
(14) retest and test-only analyses. a loading of 0.21 on Square Dis-
crimination in the retest analysis and other scattered loadings account-
ing for only about 2.0 percent of score variance in any case.

This aspect is definitely a type of form perception dependent on the
specific shape of the objects presented in the tests. In this study it
seents to be tied up miostly with Jetter objects, but it likely will be
found in any tesi in which form naming is involved. Some evidence
for this 1s fonund in the analyses of data from commercial devices
given in the next section of the present report. In these analyses the
Telebinaculur for depth, or stereopsis, test is found to have loadings
on a form (letter) factor. Examination of the slide reveals that re-
sponses are made in terms of the identity of whole forms namely,
hearts, squaves, stars, circles, and crosses. This, as in thé case of
letters requires a response in terms of differential naming of the ob-
jects. All of which reveals that this factor is not confined to letter
objects but may inelude other whole patterns as well.

If such is the case, the influence of past experierice with. definitive
visual objects may play a role. As we shall see in a later section, the
letter test scores bear close to zero relationship with AGCT scores.
The AGCT measures a large verbal facility (vocabnlary) factor, but
this 1s not the same as sheer letter facility which seems closer to the
problem in the present analysis. All of which may explain why the
zero relationship with AGCT is found in this study. Another cogent

T R P

lnoadlngs are generally lower for the retest analysis than those for the
Tirst-test analysis. The rather significant loading on JArmy Snellen
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explanation is to be found in the low factor loadings found on this
1l an amount of test score variance may have bheen
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accounted for by the form (Jetter) factortoshow appreciable correla-
tion between the letter tests aud AGCT. | .

(1) Test purity. Itis doubtful that this perceptual factor will ever
be measured in n: pure form. Retinal resolution will always be re-
quired to a large extent in all such tests: In the present battery the
form (letter) factor accounts for only 4.4 to 15.2 percent of score
variance on tests 5, 8, 2, dand 11 whereas retinal resolution accounts
for 70.6 to 81 percent of the variance on the smne tests. However,
whewthe eyes can be corrected and resolution more or less mechanically
paitinled out, certain tests should do a better job of measuring this

factor. They skould not depend on diminishing sizé of the objects
‘but rather introduce levels of difficulty in terms of distortions or
omissions of parts of the objects. Of course, such tests might be
subject to training which should be considered in any evaluation of
‘them.

(2) Consistency of loadings. Loading of the form (letter) per-
ception factor cu the tests are rather consistent across the three
analyses. There is a slight tendency for higher loadings to appear
on retests than on first tests a fact which may or may not be confirmed
by analyses-of resuiis of severai days of vépeat testing. Such a study
has been made with tests being given to the same group on 3 consecu-
tive days. The data has not been analyzed. It will be intevesting
to note the effects of such repetition on this letter factor as well as
the other three.

d. Facror IV—Smirere Forar Perceerion. This factor has con-
sistent significant loadings on the Lriangle and Square Discrimina-
tion tests (6, 12) and near zero or insignificant loadings on all other
tests. The loadings are not high accounting for from 8.4 te 21.2 per-
cent of test scove variance. The existence-of this factor as distinet from
the form (letter) perception factor is interesting since initial assump-
tions lumped the two together.

Fuactor IV, having significant Joadings on the two tests (6 and 12)
in which cutved sides are discriminated among rectilinear ones, is
named Simple Form Perception. It differs from factor IIT in the
sense that the form (letter) perception aspeet is associated with tests
of identification of whole objecis wievens the present factor has high-
est loadings on tests in. which a simple visunl judgment (curved sides)
1s made about a. constant object (triangle or square). TIn the c¢ase of
the Square Discrimination test (12) hoth modes of vesponse ave pos-
sible, at Jeast in the early stages of the test. An examinee muy tell
which object has “curved sides” (factor IV), or he may report which
is a circle rather than a square (factor III). With practice such
seems to be the case. In the retest analysis test 12 measuves factor 11T
to some extent (4.4 percent of variance) as well as factor TV (20.6
percent of variance),

Factor IV accounts for from 8.4 to 21.3 percent of test-score variance
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ot tests 6 and 12. On other tests the loadings are insignificant or so
inconsistent as to defy explanation. . -

(1) Z'est purity. Asin the ease of the letter perception factor, this
factor is impurely measured by the tests employed. This is unavoid-
able sinice the tests ave so obviously dependent on factor I, retinal
vesolution. Then too, some infusion of factor IT, brightness,4s noted.
Apparently, there is some possibility of response on the'basis of dark
or bright aregs of the triangles and squares. Fiually, as we have men-
tioned, there is a possibility of impurity arising when the task becomes
one of discriminating whole cbjects (factoi TEI).

{2) Consistency of loadings. Asindicated above, the loadings for
all tests except 6, 12, and 14 are consistently Tow over all three sam-
ples. The Joading for test 14 (Vernier) is low in the “Iirst Test”
and “Retest” sumples, but unaccenntably rises in the “Test-only” sam-
ple. Hpwever, this Jonding is still low. Tests 6 and 12 have significant
and fairly consistent loadings over all three samples. It is therefore
in terms of the loadings on these two tests, as well as the consistently
low Joadings for ali the others, that this factor is defined.

/. Sranrary.  Fonr factors are independently measured by the 14

a7

tests employed in thisstudy. They ave:

I. Retinal Rexolution.

T1. Brightness Discrimination. -
ITI. Form (Letter) Pexception.
IV, Simple Form Perception.

i"nctor I. Retinal Resolution, accounts for most of the score variance
on all the present tests. This factor is measured guite purely by tests
7 and 13, These two cheekerboard tests are the best instruments for
measuring far (20 feet) retinal resolution. Letter, dot, and line tests
(5, 8.2, 11, 3. amd 9) measure this factor to abont the same pereent
of score variance, but measure other factors as well, namely, bright-
ness diserimination and form (letter) perception. Turning to the
other factors, we find they are mexsured to a smaller extent and always
with impurity since the tests always measure factor I as well. Bright-
ness diserimination is measured best by the two brightness tests (4
and 10) bnt on other tests, such as line (9) and vernier (14), the factor
lias significant loadings. This suggests that this factor is measuved
in all touts in which judgments of “place where” darker-or lighter aveas
appear lead to correct yesponses.

Form (Letter) Perception, Factor JIX we find associated with all
tests in which whole objects aae named. In this sense, the factor is
misnamed, letters being but one type of whole object which may be
considered as measuring this aspect.  In the present battery the factor
bas highest loading on the letter tests.

Factor TV, Simple Form Perception, is an aspect of visnal ability

7010630—4§——0D 57



dealing with mmore basic line forin discriminntions within the Whole
object but independerit of the name of said objects.

Factors T and II seem to be definitely associated with retinal and
lensatic pheiomena. In the case of retinal resolution a defiuite spatial
pattern seems to be involved, Whereas brightness discrimination seems
less structured. Factors TII and IV ave perceptual involving cortical
activities for such responses as whole form naming and discrimination
of linear qualities. These perceptual aspects are more closely related
to organization of visual cues and have ‘bavely scratched the surface
-of this important ability avea.

f. WakNane., If tests.such as the ones used in the present study are
to be utilized for screening and classification purposes; one must be

- careful to consider what aspects are measured and with what degree
of purity. For determiring retinal resolution as an indicator of the
adequacy of lensatic and retinal mechanisms of the eye, two tests of
the present group will sexve, namely the checkerboards. The other
tests measure one or more of the other three factors as well as retinal
resolution. It is interesting to examine certain representative tests
with respect to the way in which variance in test score is accounted
for by the information provided by the present study. The test-only
analysis is used. In each example the percent of variance accounted
for by the aspect under consideration is shown in italic.

Retinal Resolution 1ests

1. Bausch and Lomb Checkerboard (7) : Percent
Retinal Resolution - .. 81.0
Brightness Discrimimation_ . ____________ 0.0
Letter Pexception __________________ 0.0
Line Form Perception________________ T S 0.0
Specific and Brror— . ________ 19.0

Total e e 100.0

‘The specific and error variance is attributable, respectively, to the
portion of intercorrelation remaining in the residual table after the
present analysis and Jack of reliability in the present measure.
(Nore.—The Checkerboard Variable Grid test performs in an identi-
cal manner in this analysis.)

’

2. AAT Letter Test (S) :

Percent

Retinal Resolution . _____________ . __________ 79.2
Brightness Diserimination_.ce___.____________. 01.92
Letter Perception_ . ______________________ 10.2

Line Form Perception_ .. __________________ 0.0
Specific and Brrov. oo D4

Total oL 100. 0

58 -

{ddwmﬂwwﬁw* s ” oy =

Tt

oo

ety

T -
T Y

"‘In addition to resolution, this test measures some ability to utilize

In addition to resolution this test measures-some ability to-deal with
letters which may or may not prove valid and must be remembered

when using the tests for any given purpose. o

3. Line Resolution Test (9): Peroent
Retinal Resolution o ___._______ 7. 4
Brightness Discrimination_ . __-___________. ___ 9.6
Letter Perception_____________________________ 2.6
Simple Form Perception___ . _______________ 0.0
Specific and Brror . ______________________ 10. 4

Total 100. 6

brightness cues which destroys its purity in measuring the resolution
aspect. Form (letter) perception is also apparent to a slight degree.

Brightness Diserimination Tests

1. Quadrant Varviable Contrast (4 : " Peroent
Retinal Resolution . ______________ 42. 3
Brightness Discraminalion e ____ 8.7
Letter Perception . ___________ 0.0
Line Form Perception . ________________ 0.0
Specific and Brroro o ____ 4.0

Lot 100.0

In addition to measuring more resolution than brightness this test is
quite unreliable in its present form.

2. Dot Variable Contrast (10} : Poroent
Retinal Resolution . ____________ 34.8
Brightness Diserimination . __________ 16.0
Letter Perception o __________ 0.2
Line Form Pereeption ... 0.3
Specific and Brror oo 48.7

Total o e 100. 0

This test, showine the same pattern, is even less reliable than the pre-
i 2 =] ] P
ceding one.

3. Vernier Acuity (14): Percent
Retinal Resolution. oo 64.0
Driglaness Discrominaiiomn. e oaeee——zeco_se-z 108
Lotter Porcophion o 5.8
Line FForm Perception__ 3.6 !
Specific and Brrov-— o oo 16.4
Total 100. 0
This test, while never considered as predominantly measuring bright-
ness diserimination ability, seemingly measures this aspect to a greater -
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ﬁ@&fﬁén previously-expected. Among the tests it seems the-one

most;prone to-mensure, to-n greater-or Jesser-extent, nll the aspects dis-
covered. Thus, it affords an examinee opportunity to attempt the task
in many alternative ways. There is virtually no specific left in this
test after the present annlyses making it very improbable that in-
clusion of more vernier tests in a battery will produce an additional
specific vernier factor.

Form (Letter) Perception Tests

New London Letter (5):

1’({'_‘00’!!
Retinal Resolution —— oo S T9.2
Brightness Discrimination oo S 0.0
Letter Percoption oo 6.3
Line Form Perception o o ocomoooe e Q. 0
Speeific and Erroro e ceccccom e aeeeeee . 1.0
Total oo ee S 100, 0

The form (letter) perception aspect, as can be seen from this snmmary,
is measured to a slight but significant extent. This is trne of all ;uch
tests in the present battery,

Line Form Perception

Triangle Discrimination Test (6) : Lercent
- Retinal Resolution . 46. 2
Brightness Discrimmmation oo oo mceaaaae 3.6
Letter Perception. oo 0.1
Line Form Perceplion oo e oo 1G.2
Specific and Brroro oo 39.9
Total & el 100.0

As a test of line form perception Uis {est n¢ well as the Square Dis-
crimination test (12) is far from pure {resolution 462 percent of
variance) and is rather unrelinble in its piesent structure,

g. Furure Areas or Facroman Svancit. The present battery of 14
tests leaves certain aspects of visual ability virtually untouched and
others are only measured to a limited extent. "The predominant role
of the retinal resolution factor (I) is undoubtedly responsible for the
latter. The checkerboard tests have licked the problem of measuring
retinal resolution (I), and if such is desired, tests of brightness dis-
criimination (II) can be developed aiong hines e‘!imimltin,i;r resolution
in the sense of spatial pattern of the test objeets. Beyond these fac-
tors, which are correlated with physical and physiologieal propertics
of the eye, lies an area concerning the utilization of the putterns macde
m.failablc by the eye. In terms of variance in vesponses to everyday
visual situations, analysis and test development in this perceptnal area
may develop important sources of individual differences once the oye
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lias been corrected. It remains for validity studies to point.out the
way for future efforts in hoth areas.

3. Factor Analysis of Visual Tests by Three Commercial Pevices

a. Dara. Data in this paragraph of the report were collected by
United States Navy personnel at the Medical Research Department,
United States Submarine Base, New Loadon, Conn. A report “Visual
Acnity Measnrements with Three ‘Commercial Screening Devices,”
Burean of Medicine and Surgery, Research Project No. X—493 (Av-
263-p), describes the instrmments, tests, and thie ‘thiee screéning de-
vices. The tests were administered to 128 persons, mostly naval per-
sonnel and mostly male. Distributions and reliabilities are presented
m the report mentioned above as are controls for position of test in
the battery.

The primary purpose of the study was to accomplish a comparison
of wall charts with the screening devices as measures of acuity and of
Maddox Rods with the three screening devices as measures of phoria.
Depth tests were added to the binocular acuity study, and interpupil-
lary distance (IP1)) was related {0 phoria measnrement as a minor
problem.

The three screening devices were the Bausch and Lomb Orthorater
itwo machines), American Optical Co. Nightscreener, and Keystone
Lelebinocular. .

The present veport extends the analysis of these data by means of
factorial analysis. Tor purposes of convenience the following sub-
aroups of tests were treated independently :

(L) Zable X1, wcuity tests, left eye. This study includes bBoth test
and retest correlations for all wall and machine charts and the average
for one nearand one far wall chart. The testsincluded ave:

2 wall chaits, Tar.

1 wall chart, near.

4 machine charts, far.
4 machine charts, near.

(2) Zable XTI, acuity tests,right eye. This study includes the same
data as for left eye.

(3) Table X111, acuity and depth tests binocular. TIn this study,
one far acuity machine test is dropped and one near acuity machine
test is added o those mentioned above while several depth variables
are also added. The tests ave:

2 wall charts, far.
1 wall chart, near.
3 mnchine charts, far.
5 machine charts, near.
4 machine charts, far depth.
I machine chart, near depth. -
The above tables give the oviginal intercorrelations and the residual
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i ; ~ B [ R
And finally, to permit the establishment of the degree of overlaps ' > 3
{ ) Q4 E L the Gegree ox O\(l]ﬂph. =~ 2 Sl egResssas @5\.-« AN At FANOD
5 i T = a| REIRESS
of factors on certain selected tests, we have— ‘- g% et 8138835838383
s Py A ; . . s . Mot b - s REEY
(6) Table XV III, factorinteg: ationmelriz. This study includes— ‘ [ £ || R$253885 8 &88|0885883883833
3 far acuity tests, 1 wall and 2 machine charts. . 5= v
3 near acuity tests, same. ; 8w 2. ©| 833333E @)3;3;38 88853'5,'?&?3333
O . 3 H = —-5 .
2 far depth tests, mac.lu}m, ; 2% Ielgees2s gusssslosssssgugas
1 near depth test, machine. T ' ?oqq’e SR SIOD OO
4 ]1 . .z '-': & % . o « - _g
£ new lateral photia tests, 3 machine plus Maddox Rod. S |°| 38238 @B88553|35888835588
3 near vertical phoria tests, 2 machine phis Maddox Rod. ' : O 0
2 far lateral phoria tests, 1 machine plus Maddox Rod. AL 33859738 838839 8 3388
2 far vertical phoria tests, 1 machine plus M;i ¢ R¢ q ‘
2 s, 1 me ¢ plus Maddox Rod. 2| o o ot oy
. . _ L ' . 5 ) AN NN 2Nt O
ngam, table XVIII gives only intercorrelations and residnals while - €88 Po3383555|88588835538
actor loadings are reported in Table XTX. & ol mo G -
P ey o _ Ly 8 ©E5838585533(85888838888
Al factors are ovthogonal and have been rotated to as near simple 18 ' ' '
stiucture as the ort;hogom,ﬂ framework permits. | " ® §8855583588(|883888858358
\g Yy Y scerpree
. b. Facrors 1x Acurry Tesrs. Table XTIV shows that the correla- 3 -l eIl eI
trons among the acuity tests (1-26) can be explained by one general 3 83 3388588358|855838885938
and three common factors. ' 2
Roti Tartio gy y ¢ TNMINOEOro NIRRT RARIART
. (1) Retinal resolution. The general factor, A, has si anificant load- A 2
ings on all acuity tests (1-26) and on all depth tests (27-36) as well. s{enpIsey =

The loadings are highest for the far tests (1-13) and slightly lower "
for the depth tests (27-36) than for the near tests (14-26). This '
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TaBLE XIV.—Summary of acmty and depth Jactor loadirips -

& 3

c BE] B 3 ¥
: ' Matinad Meatatance to Sight
Tant] =) | iweclution ! Acedemcdation | Yorm {letter)] .Interfecrence | Deptt | Scresner
) ) — JETT YY" T K (¥ L k¥ LUK | {Depth)
1 “|rar, Soatlen T Sl e asim ooy wiao% oA %] @ o
2 |7ar, Znellen,iMetést 78 8 712 @ 0|8 X A2jes oy N 13 ) -0b
i 3 [Far, Nev Looten ?H 8 & oo aaflr RN Wi 03 o5 1w ]
Far, Mew London, Retest s 8 & gz 0y ofi2 N M1y} w0 9 o -0}
9 iFwr, New Locdon, Average S0 N w 01 013 A M o 07 20 0
"6 {rar,-Crttcrater, 1 86 T BAjoh ok .01 J06 N1 01|12 W 23] 10 10
4 7 Irer, Crihorster, 1, Retest 85 0 83|03 0y OTjOX 01 @AM R 03 o1
'8 |rer, orttorater, 2 85 99 i 0 0l ® eyl W8 0 1 2]
9 |far, Crihorater, 2, Retest T Bl 0y aNAjoy 0 01|y 9@ W ‘(t. o
10 |Far, Sight Screener A5 8 sl 1 ooy 8 il 6 6 o -
A1 [Fer, Sight Screecer, Betest 780 9o Z]2{20 06 33|26 W0 ON[.13 13 & [ 05
12 |Far, Teledindcular Tee 65 JE] e= 15 A3 | -- 07 3] .. 8 21 LYN L)
1) |Far, Teledincoular, Meteat - 62 _6)] e N 2p= B ®|[.- 273 G oo -
1 [mar, mev zenten 9 n s o2 sl B o#in o e ja n
15 |%ear, Yev Lcootca, Retest 51 61 R U W\WIn o njo o [ o
16 [Xear, ¥ev Leolca, Aversge Q 0|3 3 &/ W B n @ |20 -3
17 I%ar, Orthcrater, 2 %6 & 611 8 Bl B a n ¥ 10 )
18 {%car, Orthorazer, 1, Retest 8 50 W % 10 & Al I D o <6
19 [sear, orthorater, 2 55 6 @l 7 st @ w0|m n 16| 0 3
20 |Sear, Orttorater, 2, Fetest € @6 L itk Q2 oin 9 ¥ ) £3
21  [Sear, Sight Screener & 61 W L 1T Nl 1 ol 3 i =]
22  |var y5ight Screoncr, Reteet 6) & R[|% ¥ MNjwo 17 B2 © 2 >4 L2
23 |[Sear, Telebinocular (Circle) 33 M Fl% ¥ M Jes 18 S 6 1% o -0
2% [Sear, Teledinoculas (Circle), Feteecs! <2 a6 33 A3 12 0 JOy 7 o5 {26 1v =2 [4] «IT
25 [Sear, Teledioocular {(Leter) Bl ae e AT e e |19 an e 02 e e pL. 0y
26 [Year, Teledinocmlar (Letter), Feteet| 43 - .| 37 il R K n o0
21 [Far Depth, S!ght Screvter 2 - . f A e e JN ee e O e ee 13 n
28 [Far Depth, Sight Screores, Rotest W e ca 10 e ea JOY ee ae fOY e-  ae \w i3
29 [far Depth, Teledivccwlar 1 we o] 00 ee o K1) e a0 e » 13
30 jFar Depihi, TelsSinocular, Fezaet A ee e MOl e el BV e = AR e - 3 16
3L [Fer Depth, UriZocmter, ) 9 ec a0 o ar il o =00 -~ -a [3) A
32 Far Depth, OrikcTater, 1, Reteet S ee ca [0 ee e JOA e e |3y e & i
J) |[Fer Depth, Orticrater, 2 M oae e |0l e ae JOA e e f2 .- e 74 <13
3% |Far Depth, Crticrater, 2, Petest A e- ec f06 ae ee 10 ee ea JOL ee .o & 'y
35 {%ear Deptk, Sight Scrseser B ea ce [ e ae JOA e me [ 0) ee  ea 63 52
36 Seas Depth, Sighe Scruur, Peteet IR ae e 523 e a0 302w tew |19 ee .. & =
05 = tiaoculsr
L - left
R = right

factor is undoubtedly the basic measure of visual acuity, and is nccord-
ingly named Retinal Resolution. 'The high londings of this fuctor for
near and depth tests indicate that these tests are greatly infiuenced by
the resolving power of the retina. Near and depth test scores should
either be corrected on the basis of far test scores or should be deter-
mined only after proper lenses to bring far vision to normal have been
supplied to all subjects.

(2) Accommodation. Factor B has significant loadings on all near
tests (14-26) and on the near depth tests (3)—36) as well.  Aside from

a few almost sggmﬁnqnf_ lgglr]nnrg on Quﬂ\(u-x eener 10-1 11) and Tele-

22 02 e

binocular (12-18) far tests, the loudmm; for far tests, .md the far
depth tests ave negligible or zero. Since (:he factor is highest or present
on only near tests .md since it is present for monoculm (L and R) as
well as for binocular (B) tests, the fuctor is e wsily identified as w fens
arcommodation factor.

In 23 of 28 opportunities, the accommodation loadings are higher for
the right eye or binoeular vision than for the left eye. This finding
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indicates that the dominant eye (unually Tight eye7 has the. lead mng
role in. this function.

The few just nonsignificant loadings (0.15 and 0.20) for right eye
and binocular sightscieener far tests indicate a possible technical de-
fect in the instrument. It wonld appear that the lenses are set under
20- feet equivalent, thus requiring some ¢xtra accommodation by the
normal subjects: Itamust of course be kept in mind that the error was.
found for only this one ‘nimhme and may hot apply to other instru-
ments put out by the American Optical Co. In any case the fault
determined 4 percent or less of the variance of the scores ‘whereas
retinal vesolution accounted for from 56 to 81 percent of the test score
variance.

The nearly significant negativé loadings (—0.15, —0.15, —0.24,
—0.25) on the Telebinocular for acuity tests (12-and 13) will probably
be repeated, however, whenever this particular plate is used. The
error here ix also slightly more serious, accounting for from 2 to 6
percent of test score variance in contrast to the 38 to 52 percent ac-
counted for by retinal resolution. The difficulty axrises from the solid
black fiek! presented for the nontested eye. The test card presents no
vues for distance fixation. Xxaminees good at accommodation are
apt to try to see better by “looking closer” in case of difficulty, which
only serves to increase the difficulty of the task and hence leads to nega-
tive Joadings on the accommodation factor. This defect could be
overcome by providing a fine boundary or other cues for bringing the
views of the two eyes into focus. :

(3) Form (letier) perception. Factor C has significant loadings
on all wall charts which are also all letter charts (1-5 and 14-16).
Significant or near significant loadings appenar occasionally on machine
letter charts (10-13, 21-.,./, and 25-26). Similarly, near significantly
positive Joadings (0:17 and 0.18) appear on the Telebinocular near,
vireles, test w hlch requires form discrimination as betwieen fclds inter-
rupted by lines or by dots; and nearly significant negative loadings
(—0.13 and —0.17) are found for the Telebinocular far depth tests
(29-30) which require the neavest of several objects to be given its
form name of circle, square, heart, etc. Loadings are zero for all
Orthorater tests and for the remaining depth tests. This factor is
consequently called Form Perception, with difficulty centered at the
letter identification Jovel (probably relatively easy).

Loadings for Form (Letter) Perception are higher for the right eye -
oi both eyes for far tests (1-5) where retinal resolution is the only
other fuctor measure. This would indicate the leading uole of the
dominant eye in this function as was the case for -accommodation.
Fowever, for the near tests (14=16), where accommodation as well as
resolution = also required, the loadings ave heavier fov left than for
right or both eyes. This indicates that, while the dominant eye plays
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a leading role in either control of accommodation or of form. percep-
tion, there is a hierarchy within the two habit systems with the aceom-
modat;lon activity somewhat suppressing the form perception. This
explains the fall in percent of test score variance accounted for by this
factor (from about 16 fo about 6) for right and both eyes, whereas for
the left eye the percentage actually rises slightly. .

A p0551b1e éxplanation of the negative loadings ior the Telebinocular
depth test 1s that subjects who were good at’ form, perception and con-
centrated attention on identification of the varied forms were somehow
diverted from the main problem of judging depth. At any rate this
-depth test has introduced an unnecessary complication.

(4) Resistance to interference. Factor D has its highest loadings
n the Orthorater acuity tests (6-9 and 17-20). but U('(‘ﬂalOIm“‘y' has
neml;' significant loadings on Sightsereener and Telebinocular tests
aswell. (Nore.—Presence of Form (Letter) Perception and Accom-
modation factors on these other tests makes this added Resistance
factor of less relative importance for these other tests.) We might,
therefore, call the factor simply a Machine Factor. But to so name it
would not be very helpfunl. One or more elements known to interfere
with visuai perception can be found in connection with all fest charts
used in these machines. Some of these elements are:
(¢) Inhabitory effect of Iarge black areas in the visual field.
() Disturbance due to sharp or marked boundaries survounding
the stimuli.
(¢} Reduced apparent brightness due to fusion of the dark area
from the not-tested field of vision.
(d) Rivalry due to different fields for the two ¢yes.
(e) Distraction due to effect of bright areas near the stimuli.

B e P e i o SR W T 1n e

L

¢: Facrons 1 Dmvur T}*srs (1} ])epth p:.?reptm ‘Far:tor ‘F

shows Jeadings on all depth tests and only on depth tests. It seems
evident, therefore, that we are dealing here with Depth Perceptwn.
The loadings, however, vary from only moderate down to barely sig-
nificant. Although these tests are labeled depth tests, the variance of
their scoves explained by that factor is in many cases no higher than
that part of the variance explained by retinal resolving power. In the
case of the ‘Lelebinocular, nonrelevant factors sach as Form Percep-
tion and Resistance to Interference combined play a largerrole than
does Depth Reception per se. :

(2) Sighiscreener depth specific. Factor F has significant loadings
only on the four Sightscreener depth -tests, and is identified as-some-
thing specific to that type of test for that instrument. That the Tele-
binocular depth test has a similarly high specific factor is shown by
the residual of 0.35 remaining for the test-retest coefficient (29 with
30, table TII). The Orthorater specific is probably erroneously dis-
sipated among the depth factor loadings dne to the similarity of task
to that presented by the Sightscreener.

d. Cavrox Ixpicaren. The above discussion of factors indicates
that all present visnal tests, wall chart or machine, have large parts
of their variance determined by nonpertinent variables. Several ex-
amples are given below to indicate just how bhad the situation really
is. No completely satisfactory test is available. The breakdown is
according to percent of variance explainable by various factors. The
pertinent factor and its nnmerical value ave shown in italic.

Far Tests:

Snellen (IR Zelebinocular (LE, Retest)

A factor common to scores made under such varying distracting con- Retinal Resolution. chi;f"g Retinal Resolution. Pf,ﬁge”j
ditions is tentatively identified as Resixtance to Interference. Form (Lc(,tel) Per: c:i)?,l_gﬂ_ 25.0 Form (Letter) Pel.c_eia;:;(;ﬁ- 5.8

The trend for the loadings in this factor fo be higher on retest than Specific and Errora-—...- 17. 2 | Resistance to Interference= 5.3
on original test (true in 18 of 206 oppmtmntles) ‘mdlcates that this ———— | Specific and Enor:__' ----- 0.5
source of test score pollution tends to increase as the subject relaxes 100.0 100.°0

his vigilance when the material is more familiar. Thus for these tests .

we have decrease of efficiency with practice. This finding is borne
out by the uctually decreased means of Orthorater test scores on retest
reported in OSRP Report No. 3969.*

Near T'ests:
New London (LE, Retest)

L T S O T R S A A R

;] . Perceind . Percent
The trend for such loadings to be higher for the left eye (12 of 16 Retinal Resolution.._...- 37.2{Retinal Resolution_._.___. 34.8
times), indicates that subjects ave more resistant when, using the domi- Accommodation - .o 30.2 | Accommodation .. _—__ 38. 4
nant eye. Form (Letter) Perception. 15.2 | Resistance to Interference. 12.2
}_)C('lﬁc an(l _LIIIOI' ________ 17. 4 Sljt;ulﬁv an EBLCL‘-.-:::.:.—.: 14.6

*A Test-Retest Reliability Study of the Buausch and Lomb Orthorater with VTN
Naval Personnel, Applied Psyclhiology Panel, NDRC, August 1044, 100.0 , 100.0
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i Depth Tests: - | Tables XV and XVI give-the intercorrelations-und residuals fortwo === =g
' Telebinocular. Far Siahtsereener. Near f' matrices of phoria tests. Table XV compares the Orthorater and

’ ’ o Percent 7 R — { Munddox Rod measurements while table XVI compares Orthorater,

Retinal Resolution_______ 16. 8 | Retinal Resolution..—.... 13.0 : Sightscreener, fmd ‘Telebihocula.r measurements. Table XVII shows

Accommodation - cecae .o ———— i}"dcomx}\odah;ml;______-__ 4.0 ; the factor loadings used to obtain the residials in tables XV or XVI.

Formn (Letter) Perception. 1.7 |Form (Letter) Perception. ___. Three common factors of considerable importance, one other com-

gg;;; ;t: 11}%275;?) 22?: G 12’ 3 52;1;5211}%::i(éyﬁ};irf_erel1ce_ 9g’ '/é E mon factor and 4 specific fuctors removed by the analysis are described

Specific and Brror— ... 62.3|Specific and Brrov... ... 42.5 : below. - ) .
= e e _— 1 l g .____.: * (1) Lateval phoria. Factor A has loadings on all lateral tests, far
100.0 100. 0 (17-27) and near (28-38), and loadings are significant only for these

It should be noted that these tests are on the whole fairly reliable.
Actual reliability coeflicients (test-vetest), for this sample, are:

Snellen, Far acuity . ________ 057
Telebinocular, Far acuity . aoe oo oooooeeaoo N
New London, Near aemity_oo._...__.. - s
Orthorater, Near acuit¥e oo o .. S5
Telebimoecular, Fur depth. .. ... 9
Sightsereener, Near depthoo—____._..__ .. .76

One must not be led, however, into mistaking mere veliability for
validity. What is measured is measured well, but apparently rela-
tively little of what is measured is pertinent. It is concluded that
much remains to be done if visual tests are to become really sutis-
factory. Furthermore, any validity studies based upon a single iype
of visual test can only, with great danger, be used to predict action
based upon some other method of suppesedly measuring the same
function.

e. Facrors v Proria Trsts. A few words as to the seales and
methods used in measuring phorias is necessary to an understanding
of the discussion of the factors,

Horizontal phorias are measured on a seale where low scores repre-
senf extreme esophoria and high scores represent extreme exophoria,
Vertical phorias are measured on a scale where low scores represeiit
extreme left hiyperphoria and high scores represent extreme right
hy.perphoria. When the original measurements did not conform io
this pattern scores were reversed to conform to those definitions.

A. further difference, not resolvable by recoding, results from the
treatment of the fusion problem. In the Sightscreener the subject is
ask§d to report the farthest ewcursion observed at first glance before
fusion brings the images to stable focus. On the other hand,
(.)rt:,hel"ater and Telel.)in.oculnr measurements are usually taken after
'tu.swlz hgsﬁeiez}\ mfxumzed. One set of excursicn readings was ob-
tamea on the Urinerater, however, and are included in this study.
In the Mac.ldox Rod, fusion is usually prevented by using an opuq{m
card as an interrupter for thé nonfoeused eye. In this study the card
was omitted, but fusion was probably not maximal. .
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tests. ‘The factor appears then to be a general measure of Lateral
Phoria. Loadings ave higher on the far than on the neai tests since
the fur tests measure only this general factor while the near tests all
have loadings on a sccond factor (B) as well. The sitnation is
analogons to the resolution-accommodation problem in far and near
aenity tests. At fwr the Maddox Rod measuves this factor common
to all machine methods more poorly (24.0 percent) than does any
machine (50.4 percent). Near fests do less well in general (6.2 per-
vent 10 49 percent of varimce), while the Maddox Rod at this reduced
distance does about as well (17.6 percent) as the other methods.

(2) Near lateral phoria (convergence efficiency). Factor B has
Toadings on only the near lateral phoria tests and-so is given that name.
Of these tests, p. 1258, TM 5-300, says: *This i1s.a test for imbalance
at the ordinary reading distance, and may give the examiner some in-
formation as to the existence of refractive error, insufficiency of con-
vergence, and may be indicative of a reduction of fusion control at
usual reading distance.” Reduction of fusion control can scarcely
be the explanation since tests with control (82-33) have loadings as
high as tests without such control (28-31). Since errors of refraction
are considered important for all phorias this, too, can scarcely be the
added factor. The best theory is that this is a factor dealing with
coneergence efficiency at the normal reading distance.

(3) Hyperphoria (vertical phoria). Factor C has loadings on all
vertical phoria tests, far (1-9) or near (10-16). Loadings are about
equal for the two sets of tests, although the Maddox Rod has a much
higher loading when used as a far test. The loadings on this general
vertical phoria factor are of about the same magnitude as those for
near distance tests on the general lateral phoria factor but considerably
lower than those for the far phoria tests on the general laterai factor.

(4) Vertical-rest.” Factor D has loading only on the original tests
for far vertical phoria. This may be due to better scores on original
or worse scores on tetest for those individuals whose defect was
primarily due to vefractive ervor and whose retest (afternoon) scores
was consequently more affected by fatigue. The factor is not ex-
trentely importaut but does arcount for the higher loadings for retest
on the Hyperphoria (Vertical) Factor above,
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(5) Orthorater (near wertical) specific. Factor E has loadings

only on the three Orthorater near vertical tests.. It is some function

specific to those tests. .

(6) Orthovater (far lateral) specific. Factor F has loadings only
on the Orthorater far lateral tests. It is some function specific to
those tests. .

(7) Sight Sereener (vertical) specific. The Sight Screener vertical
phoria tests (both far and near) have relatively high loadings on
Factor G. All other tests have insignificant loadings on this factor.
Factor G is therefore some function specific to Sight Screener verticil

. phoria tests.

(8) Maddox Rod specific. Only the Maddox Rod tests have
significant loadings on this factor (negative in sign for reversed
scoring). Factor H is therefore some function specific to the Maddox
Rod phoria tests.

That other devices possess similar specific factors is further indicated
by the many large residuals remaining for the relinbility (test-retest)
coefficients found in tables XV and XVI. No attempt was made to
remove such factors, since two tests do not adequately determine a
factorial plane. '

(8) Interpupillury distance. Tt was felt that this variable might
be important for machine measurements. bnt was found to be unre-
lated to scores as measured by the present study. Sinee the fixed
distances on the machines would be Jess or greater than actual indi-
vidual differences, the results might have been expected to compensate
for either esophoria or exophoria depending upon the direction of
difference. If so, the near zero loading would be explained without
demonstrating the unimportance of this variable. Further analysis
might be indicated. .

J. WarNING oN Pmouias. As in the case of acuity and depth meas-
urement, so for phorias, it appears necessary to warn against assump-
tion of interchangeability of either interpretation of scores or validi-
ties from one machine or method to another. A few typical variance
analyses, with the pertinent measurement in italic, are presented to
show the dissimilarities. S

Far Vertical:

Orthorater (2) i iaddox Rod
Percent Pereont
Far Vertical . _______ 9\ Far Vertical ame e 18.5
Specific and Evror_______ 55.1 | Specific and Brror________ 81.5
100. 0} 100. 0

5
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Near Vertical.:

Sightscreener Orthorater (2)
Percent Pcercent
Far Vertical wzcavoaae_ ... 29.2\Far Vertical oo ___ 29.2
Specificand Evror________  70.8]8pecific and Brror.. .. . 708
100. 0} 100.0
Far Horizontal :
Orthorater (2) Maddoa: Rod
Percent Pereent
Fur Laterad oo 77 4\ Far Lateral e ___ 24.0
Specific and Evroro.—____ 29. 6 | Specific and Error—_______ 76.0
100.0 100.0
Near Horizonlal :
Telebinocular Orthorater (with Excursion) (1)
Pereent Percent
TFar Lateral . ____ 17.6 | Far Lateral . __________ 30.2
Insuf. Conrrgence - 49.0 | Insuf. Convergence————._ 43.6
Specifie and Erroroo____ 33. 4| Specific and Error-———___. 26.2
100. 0 100.0

Tt wonld appear that here, too, cousiderable further research seems
indicated.

¢. Possipre RenavioNsuir or Facrors. Since the phoria factors
were obtained from different matrices than those which yielded the
acuity, depth, form, and resistance factors. it scemed highly desirable
to ascertain the degree to which such factors were or were not inter-
related. ..

Consequently a matrix involving 3 far acuity, 3 near acuity, 3 depth,
4 neur lateral phoria, 3 near vertical phoria, 2 far lateral phoria, and
2 far vertical phoria tests was set up. Care was taken to include 3
form (letter) perception, 3 resistance, and several excursion”(phoria)
tests. The intercorrelations and residuals are reported in table
XVIIL

In table XTIX are reported the factor loadings which resulted in the
residuals reporied in table XVIIT, along with the loadings (in paren-
theses) obtained for the same tests in their original matrices. With
the exception of the speciul Sightscreener depth factor and other
specific factors, ull important faciors; isolated previously in the sepa-
rate matrices, reappear with londings at least similar enough to leave
all previous interpretations unchamged.

(1) General lack: of relationship. The Retinal Resolution, Accom-
modation, Form (Leiter) Perception, Resistance to Interference, and
Depth Pevception factors all have zero or near-zero loadings on the
phoria fests.  Similarly the Near Lateral (Insuflicient Convergence)
aud Excursion (Anti-Fnston) factors have zero loadings on all acuity
and depth tests.
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“(2) Latéral .j?‘kor_z'a--mzd-acc‘ommod’dtiwz; ‘Bhe Jateral phorie factor
does have consistent negative, although not quite significant loadings
(=017, —0.17, —0.17) on the three near vision tests (4-6). These
loadings indicate a positive relatiohship between extreme ewophoria
and difficulty on near acuity tests. ‘This finding has bearing upon the
accommodative theory of phorias, as set forth in TM 8-300, pp. 131~
132, which holds that—

Esophoria and exophoria ave mani‘fcstati‘ons of muscular asthe-
nopia due to hyperopia and myopeia, respectively. In the hyperope
accommodation exceeds convergence. The excessive or rinused
stimulation to converge ¥ * * may lead to convergence ex-
cess * * * WWhen the action of the fusion centers is lowered,
one éye will deviate inward * ¥ * TInmyopia the reverse occurs.
Accommodation is less than convergence ¥ * * When this oc-
cnrs the urge to converge is weak, ns accommodation is the domi-
nating impulse. The external recti soon take advantage of the wealk
convergence stimulation and divergence excess vesults.  When the
action of the fusion centers is lowered one eye will deviafe ont-
ward ¥ ¥ ¥ :

Thus being high on the general Lateral Fhoria factor, which means
being highly exophoric, will frequently be associated with myopia.
The myope will be less able to read the near vision tests at normal
reading distance and thus we have the negative leadings foind in this
study.

(3) Vertical phorin and depth perception. "The three depth per-
ception tests (7-9) all have negative just nousignificant loadings
(—0.19, —0.12, and —0.12) on the general Vertienl Phoria factor.
Of the relationship between phorias and depth pereeption "IN 8-300,
p. 109, says:

In order to fix both eyes upon an object the defective muscle must
receive a greater amount of enervation than its fellows. The in-
creased amomnt of enervation ix interpreted into distance by the
cerebrum just as it isin refractive errors, therefore the relative posi.
ticn of objects is inacenrately judged.

To explain why vertical rather than lateral phoria has the loadings for
the plates used in the study is fairly simple. Displacement on the
printed charts is most likely horizontal for the civele (or other form)
supposed to be diseriminated as nearver. Even though further lateral
displacement takes place, the stin

wilis object should still appear
highest. (havemost displacement) if ¢ i

J
phoria is in the same direction,

or the only flat object, if visual displacement was opposite and equal
to printed displacement.

e

In either case the stimulus object would he unique. In the case of
vertical phoria however, the vertical visnal displacement would be
equal for wll objects and all wonld appear equally solid. I (his visnal

20
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vertieal displacement. were large it proportion to the printed lateral
displacement, the latter might no Jonger be discriminated: Thus the
low negative Joadings. L

h. Finan WarNivg. In any case the two: relationships are® of
extremely small scope, accounting for only about 3 percent of the near
ucuity or-depth scores. In general it is concluded that all eight factors
are relatively independent and that any thorough study of the role
of visual factors in military or other occupational success must be
aware of the possible importance of any one or any combination of
them. ’

By way of summary, these factors have been finally or tentatively
identified as—

Retinal Resolution.

Accommodation.

Form (Letter) Pereeption.

Resistance to Interference.

Depth Perception.

Lateral Phoria.

Near Lateral Phoria (Convergence Efficiency).
Vertical Phoria.

4. Frequency Distributions and Item Analyses of Tests Given at
Fort Dix, N. J.

In this paragraph, some initial attempts to stndy how well the
lests worked as messuring devices are reported. Since no independ-
ent criferia ave available, these studies are confined to examination of
the total scores attained and the behavior of individual items in terms
of the usual practices of evaluation. There is little or no information
available as to what the distributions of test scores should look like
nor wre there validity criteria to serve as a basis for evaluating the
items. Thus we are forced to look at the tests as unstandardized in-
struments and assume that from the test data alone deficiencies can
be detected and ways found to improve the tests for any future use.

T'wo sets of data ave presented:

Frequency distributions of the scores on the 14 chart-type tests.
These arve presented in histogram form in figures 17 through 30.
Test scores, so distributed, are based on scoring methods C and A as
selected for the first-test and vetest factorial analyses disenssed in
puragraph 2 of this section.

Item countds for 2 groups of 300 cases each, selected by systematic
sampling with odd and even man-niumber as the basis. Iach group
of 31t was further divided into thirds on the Dbasis of total tést score
(Method (3, number vight to three conseentive misses). This vesnlted
in high, middle, and Jow score groups of 100 cases each for the two
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samples. ‘Graphic item counts were made of each subgroup and the

results are graphically presented in figures 31 tlnough 44,

a. Frequenoy Distrisurions. The initial i Jmpmuon from exam-
ining figures 17 through 30 is that all the tests.in one respect or an-
other are lacking in the requixements of good measuring instruments.

Most of the tests (1, 2, 3, 4, 7, 8, 9, 11, and 14) are obviously
negatively skewed meaning th'xt scores tend to pile up at the ]ngh
score values (abscissa). This may indicate that the item values pre-
sented in these tests are too easy for a large pavt of the group tested.
Or it may be that the “real” distribution of visual abilities tested are
piled up in the same way. A thivd possibility is that the method of
testilig, starting with easy items and progressing through more and
more difficult ones, may “push™ the examinees to higher scores. In
other words, the better eyes get considerable practice before the items
become diflicult enough to cause ervors thus allowing such examinees
time to try various modes of response. Which of these causes or
what combination of them is producing negative skewness is diflicult
to determine. Probably all contributed to different extents for
different tests.

Whether or not negative skewness was present, certain of the tests
were conducive to inordinately high scores. Triangle discrimimation
(6) is such & test, with 3.1 percent of the sample coming up with
perfect scores. This test i1s not predominantly skewed in the negative
direction. A test that is skewed, AAF Constant Deerement (11),
likewise has a walloping group close to the top score (8.tSo in the
30-32 step interval). These examples reveal a basic weakness of such
tests; the items do not extend far enongh at the difficult end of stimulus
range. ‘The “real” distributions of abilities in acaity are nunknown
and 1n any case will be a function of the scales employed to measure
them. Itis possible thatindividuals will tend to pile up at the positive
ends of such scales. The distribution of previous left-ecye Army
Snellen scores cited in table I (see sec. II) indicates that this may
have been true of this samplo Yet, the Snellen test by its very design
can lead to theimpression that the population is skewed. In terms of
the conventional fraction there are only two size categorics of Jeiters
below the 20/20 line while six exist above 20/20. Naturally, there is-:
limit imposed on the ablest examinees by this scarcity of items at the
more difficult levels. At the same time the unmotivated can quit any-
where along the line and hence may give the distribution the jong
tall in the negative direction.

These effects seem to have been eliminated partially by the inclusion
of more difficnlt items in New London, AAF Letter and the checker-
board tests (5,7, 8, and 13). In the distributions of these tests we find
scores sprmdm«r ont somewhat more toward the positive end of the
scale, especially in test 13, aud less tailing off toward the negative end.
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However, there is an artifactual explanation of the latter effect;
nainely, these tests ( and most of the other tests as Well) sta.rted at too
difficult levels.

Which brings us to the second obvious deﬁclency of the tests—
bimodality. Tests 3, 8, 11, and 13 are good examples of this effect.
Notice the percentages of cases which pile up on the lowest score
intervel on these tests (10.3, 103, 8:0; -and 8.0 percent. respectively).
Other tests demonstrate this overdose of zero or near zero perform-
ance as well. In any case, the data indicate that the tests are too
diflicult for the poorer eyes to even get started. Only in the Practice
Test (1), Snellen (2), and Vernier Test (14) do the instruments come
close to getting all examinees off with equal opportunity to respond
correctly on the first item.

An inspeciion of frequency distributions of scores attained by a
larger sample (791) cases throws some light on this question of the
tests starting at stimulus values too difficult for part of the group
tested. These scores are based on scoring method G, number right
to three consecutive misses, but there is no reason to believe that they
differ appreciably from those obtained by method C in the sample of
261 cases. On the assumption that examinees who normally wear
glasses represent a large part of the group for whom certain tests
ave too diflicult, it was felt that exclusion of those wearing corrective
lenses would eliminate the mninor mode at near zero score and otherwise
improve-the bottom half of the distribution. Table XX shows the
frequencio~< and percentages obtained on test 13 by total group and by
subgroups on the basis of continuous, for reading only, and no use of
corvective lenses. Test 18 is chosen for this purpose since it has good
spread at the diflicult end of the scale. In table XX it can be seen that
eliminating those who wear glasses from tlie sample results in an im-
proved distvibution of the remaining cases. Comparing the No Cor-
rection and Total Group data of the table, it is quite apparent that
the minor mode at near zero scores drops out when the test is applied
only to the better eyes (No Correction). "The other columns of table
XX show how those wearing glasses continuously, or for reading only,
distribute in test score. Note that they concentrate most in the bottom
half of the distribntion. and that it is on this part of the score range
that they effect the total-group distribution.

This anadysis indicides that certain test score disbributions can be
expected to improve.as the range of item values is selected o it the
populations. But in seeking to improve the curves the use to which
the test will be put should be constantly considered. If the aim is to
screen out individuals with poor acuity, the negatively skewed or
bimodal distribution is desirable since the cut-off score may be set
hetween the modes with considerable efficiency. Such'a step depends
on a knowledge of validity. If a positive relationship is shown be-
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tween-acuity test score and performance on-some job; it is immediately
appareit that in a test with negative skewness and a minor mode at
zero score, a cut-off score for screening out the poor individuals can
be set without worrying about the shape of the distribution. A good
example is the present distribution for test 11 (fig. 27), in which a
screening cut-off score of 12-14 might be set, thns eliminating the
18 to 20 percent of the people with lowest scores.  Where the cut-off
point is set depends, of course, on the validity fonnd for given purposes
and the selection ratios adopted. Mowever, assuming validity, it is
donbtful that switching to a scale which produces more normal dis-
tributions will do any better job for screening purposes.

TaBLE NX.-—Frequency lable for test scores obtained on Checkboard Variable Grid
Test (18) by groups who did or did not wear correclions and by lolal group
[Based on first-lest scores of 791 calisted men at Fort Dix]
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On the other hand any test designed to diseriminate over the whole
range of visual abilities should be revised to measure in ways most
conducive to the uses intended. It is quite conceivable that jobs will
be found on which different ranges of resolution ability will contribute
to success. Some jobs may demand working to very close visual
tolerances while others demand less exacting ones.  The degree of skill
required by the two jobs may appear on the same continunm. or
factor, but a different difficulty level. When validity studies are
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made, it may be found that differential resolution ability at the less
difficulty level predicts success in the job requiring wide tolerances,
while for jobs requiring close tolerances differential acuity at the diffi-
cult test level predicts success. Ifsuch is the case, tests will be required
which measure-sensitively over both difficulty ranges. _

To summarize the salient features found in the distributions pre-
sented, each test is discussed briefly in turn.

(1) Z'est1 Practice (fig. 17). This test starts with items permitting
practically all examinees to get on the scale. However, the distribu-
tion of scores is negatively skewed with 5.7 percent of the cases achiev-
ing perfect or near perfect scoves. As it stands this test may be a
good screening test but requires more difficult items if selection and
classification are to be accomplished at the positive end of the scale.

(2) T'est 2, Army Snellen (fig. 18). The test at present starts with
casy enough items but has an insufficient concentration at the difficult
levels, hence, negative skewness. The final line of the test (nine items)
seems diflicult enough to spread men out at this end of the range; but
below 20,20 there are only two scale values 20/15 and 20/10, an insuffi-
cient concentration of values to diseriminate in this area. In addition,
the test performs in spotty fashion throughout the range, with indica-
tion of multimodal distribution of the scores. This may be a result
of inadequate standardization of the items leading to reversals in the
letter difficulty continuum or it may be the result of heterogeneity in
the population tested.

(3) Z'est 3, Dot Variable Size (fig. 19). The test starts at a level
too difticult for many examinees (10.3 percent of the scores falling
between 0 and 3). “This can be corrected by including items at the
larger size values. The testis not too easy. The highest score attained
is in 36-39 category, while the test ran to 48 items. Nevertheless, nega-
tive skewness appears.  This may be explained us either the result of
courseness of the scale of stimulus values at the points where scores
pile up or the result of the impurity of the test. Certainly, the present
test will be improved by the inclusion of more items at values where
present scoves are concentrated. But, beyond this corrective measure
lies the possibility of the present distribution being a composite of two
visual functions and correction may require teasing these out. Fac-
torially, the Dot Variable Size Test has been showii to. ineasure hoth
resolution (factor I) and brightness discrimination (factor II). How
these operate, together or singly, in the case of given individuals is
ebscure in the present data. TFour possibilities are suggested: (1)
Certain individuals always respond in terms of “seeing the dot” (reso-
lution) ; (2) certain others always respond in terms of “seeing some-
thing™ (brightness): (3) individyals at varying points in the test
shift from one function (resolution) to the other one (brightness) as
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ik o Frequencies ore wriften in SaTa - ~ the test becomes difficult; (4) individuals respond in terms of both
L 64  circles, os Numbers e | functions simultaneously throughout the test. It appears that certain

o ) of these possibilities may account for part of the-skewness in the pres-
ent distribution. By combining functions or shifting to the brightness
judgment, individuals may have acquired higher scores than would
have been forthcoming on the basis of resolution judgment alone.
Some evidence in support of this hypothesis is supplied by thée per-
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§ formance of test 13 (fig. 29). As we have seen, this factorially -
w 1 e _ rather pure test is less skewed although it employs a scale of stimulus
g % @} o values similar to that used for the Dot Variable Size Test. The -
“ 7 Checkerboard Test values are slightly larger. This information sug-
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SCORES

Based on first-test scoves of 261 enlisted men at Fort Dix who were tested Lwice,
September and October, 1946 (=201 ¢=9.3).

SCORES
Based on first-test scores of 261 enlisted men. at Fort Dix who were tested twlce,
September and October, 1946 (M =282 ¢=0.5).

F16URE 18.—Frequency distribution jor Army Snellen Test—Tesl 2,

Fioure 190.—Frequency dish-x’biltion for Dot Variable Size Test—Test 3.
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is, In pzu;.t,. responsible for the skewness in that test. Unfertunately,

we did not take the opportunity to get introspective reports.of a snm-
ple of the population as to what methed of responding $as individ-
ually used throughont the test. If we had done so we might, by
separate analyses, either have confirmed or placed in disrepute the
hypothesis:

(4) Test 4, Quadrant Variable Contrast (fig. 20). ‘This test, while
too difficult for some examinees (5.4 percent ul zero scorve). gives a
rather good distribution. The tremendous group with scores of 5

" (34.5-percent of the sample) indicates a break in the scale of items or

something peculiar to items 5 and 6. This is confirmed by the item
analysis which follows this discussion. For many individuals item 5
was no more diflicult than item 4. but item 6 was extremely diflicult
for these people. The explanation of this result probably lies in
improper scaling of the items or some other feature of the test structure.

(3) Test 8, ¥aw London Letter (fig. 21).  The LLT pereent of the
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SCORES
Based on first-test scores of 261 colisted men at Forg Dix who wors Lagfad bwleo,
September and Octobey, 1048 () =41 o—1.9).

FI6URE 20.—F'requency distribubion for Quadrant Variable Conlrast—-Test J.
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SCORES

Based on first-1est scores of 261 enlisied men at Fort Dix who were tested twice,
September nnd October, 146 (M=278 o0=15.6).

Fravnr 21, Fregueney distridution for N ew London Letter Test—Test 5.

cases in the snmple who have scores of from 0 to 4 indicates that this
test began with items too diflicalt for the group tested. On the oppo-
site end of the seale it is apparent that the test was not too easy. The
“best™ examinee scoved 57 on a test 82 items in length. Between these
extremes the test scores are distributed somewhat differently than in
ihe case of other tests.  Negative skewness is apparent to some extent;
but. in general. the distribution is closer to a rectangular one than in
the other instruments. The AAT Letter Test (fig. 24) which was
composed of strictly comparable stimulus values (size) presents a dif-
ferent picture. Part of the explanation for the uneven distribution of
scores in the New London Test is the high vaviability in difficulty
exhibited by items of the same size. This will be discussed later in
ferms of the item analyses.

(6) Z'ext 8, T'riangle Discrimination (fig. 22). The test is too diffi-
cult for some and too easy for others as exhibited by the scores at 0 to
1 and 20 categories {6.5 and 3.1 pevcent of the sample, respectively),
There 15 n slight tendency toward positive skewness meaning an excess
of diffienlt items, but this is confused by the sharp modes at 4 to 5
and & to 9 score intervals (20.3 and 22.2 percent of the cases). Again,
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jrregularity inthe scaling of items is suspected as contributing to these

.jumps in the distribution.

(7) Test 7, Bausch and Lomb Chedkerboard (fig. 23). The test is
too difficult for certain individuals. It is not too easy for those with
better vision. Italsoappears to be multimodal and leptokurtic (scores
piling up within a narrow range of values, 23.8 percent at scores
14-15). The minormode at zero or near z¢ro scores may be elim 1.nute(l
by the addition of easy items as indicated in the previous cllﬁcus.sxon‘ of
test 13 (see table XX and discussion). Otherwise the distribution
seems good for purposes of screening and selection. A tendency to
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SCORES
Based on first-test scores of 261 enlisted men at Fort Dix who were tested twlee,
September and Octoboer, 146 (W =88 o= $.00.

FIGURE 22.—Frequency distribution for Triangte Digerimination  Test G,
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negative skewness may be adjusted by additional items at-appropriate

levels of difficulty.

(8) Z'est 8, AAF Letter (fig. 24). Thisis another test with a minor
mode at zero and negative skewness or a tendency for scores to pile
up at the positive end of the scale. No one, however, scores perfectly:
on thetest. The smoother appearance of this distribution, compavring
it with that for New London Letter (fiz. 24) may be a function of
better standardization of the items. The factorial analyses (see par.
2, this section) show that a form (letter) factor operates in all letter
tests to a small but rather significant extent. It is inconceivable that
this operates to the same hypothetical end as that suggested for the
brightness diserimination factor in the case of the Dot Variable Size
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FiarRE 23— Frequency distribution for Bausch and Lomb Checkerboard—Test 7.
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SCORES

Based on first-test scores of 261 enlisted men at Fort Dix who were {ested {wice,
September and Octobep, 1046 (/=282 ¢~ 13.4).

Frgune 24 —Feaquency distribition for AAF Letier Test Test 8,

and Line Resolution Tests (tests 3 and 9). Tu those tests a switch

“from resolution to brightness judgments enn apply to ench of the suc-

ceeding items. However, in the letler tests it is possible that certain
letter forms are more prone to being called correclly on the basis of
their meamngful form than others. If such is the ease, the uneven
performance of certain items at different points in the scale mney be
explained. At the same time, the same phenomenon may explain the
tendency for scores to pile up at the positive ends of letter scales.
Sufficient correct responses to certain letters on the basis of cuse of
form identification may prolong the test beyvond the point where cer-
tain other letters of the same size are too difficult and do not lend
themselves to easy identification with any appreciable reduction in
spatial cues. This isx not particularly true of the AAT Letter Test
alone. Itissuggested here as a general possibility in all letter or form
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identification tests and may well be n stumbling block in the path of
senling such items on a difficulty continuum.
(9) Z'est 9, Line Resolution (fig. 25). Negative skewness is imme-

diately -evident. The test for various rensons is.too easy.. -We have

seen the possible result of a shift to brightness judgments in the case
of dot vnriable size. In this line test the effect may be even greater
becnuse the line remains constant in length. Reference to the specifi-
entions in appendix A reveals that the size (width of line) values
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Based on first-test scores of 2061 enlisted men at Fort Dix who were tested twice,
September and Oefober, 1946 (A=34.0 ¢=11.8).

Fraenr 25.—Frequencey distrivution. for Line Resolution T'est—Test 9.

employed in this test are the smallest of all the test objects in the study.
The smallest stimulug value is a line width of 0.0015 inch. This size
15 close to the limit of exact line production by the photographic
methods employed in the present study. Any further decrements in
stimulus size will vequire other methods such as the intaglio engraving
process,

(10) Zest 10, Dot Tariable Contrast (fig. 26). This test is un-
donbtedly too difficult, 11.9 percent of the cases failing to score.
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Beyond this obvious point and general positive skewness, little.can be
said about the distribution. Undoubtedly the size of the spot played
o role in this test as well as the contrast variable. Future tests should
incoxporate laxger spot areas which, as may be seen in the quadrant
contrast test (fig. 20), will improve the distribution. At the same
time, the impurity of these coutrast tests should be remembered.
They both measnre resolution ability to a degree exceeding the amount

——

of varianee attributable to contrast diserimination.
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Based on first-test scores of 201 enlisted men al Fort Dix who were iested twice,
Seplember and October, 1946 (M[==25 o=1.4}.

Figure 26 —Frequencey distribution for Dot Variable Coulrast Test—=1'est 10,

(11) Zest 11, AAI Constant Decrement (fig. 27). Previous dis-
cussion of this distribution pointed out that it is clearly Limodnl and

" negatively skewed. This is a natural consequence of the seale em-
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Such scaling resulted in 20 items that subtended more than 1 minute
of visual angle (20/20) and 15 that subtended less than 1 minute.
This is counter to the logarithmically sealed letter tests in which the
majority of items subtended less than 1 minute of angle. If closer
to normal distributions are desired the logarithmie seale works best.
The AAF constant decrement seale resnlts in marked skewness. be-
cause of the coarseness of the seale, for items subtending less than
one minute of visual angle.
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Bused on flrsi-lest scores of 261 enlisted men at Fort Dix who were tested twice,
Seplember and October, 1946 (H==212 o=9.1).

Fwatae 2v.—Frequency distribution for AAF Coustant Deerement Test—T'esl 11,

(12) Z'est 12, Square Discrimination (fig. 28). No test succeeded
better than this one in spreading out the scores at the positive end of
the scale. Whether this proves useful or not depends on validity
determinations. At present the test is quite unreliable (about 0.44),
and it may well be that in “cleaning up” the test the distribution. pic-
ture may change. "At present the test is not too difficult. It is, in fact,
impossible to make the first item {perfect circle among the squares)
any easier.  So the 2.7 pevcent who failed to score are those who could
not resolve at the basic sizes used for all stimuli.

(13) Zest 13, Checlerboard Variable Grid (fig. 29). As previously
discussed, this distribution has a minor mode at zero which will
probably disappear when easier items are added to the test. Other-
wise the distribution of scores is faicly normal. -

(14) Z'est 14, Vernier Acuity (fig. 30). Negatively skewed with
some indicntion that the most difficult items are not difficult enough,
thig distribution is similav to that for line resolution (fig. 25). It
will be reealled that test-score variance was attributable to all the
factors to some extent. Thus it is difficult to understand how indivi-
dual seores were accomplished. In any case the distribution is at
present adeqoate with the exceptions noted.

b. Irexr Anxanysis. To further examine the action of the tests as
measuring instruments per se, the performance of the individual items
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ability (high, middle, or tow). Taking each of the groups in turn,
the number of suceesses is plotted against the individnal items ar-
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Since in all the present tests the items progressed presumably from
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CCORES
Based ou first-test scores of 261 entistei men at Fort Dix who were tos{ed twice,
September and October, 1-046 (V=204 o=5.5),

¥IGURE 30.—Frequency aistrivution for Vernier Acuity T'est—"Test 1.

easy to diflicult, the plots of numbers of successes against the items in
sevial order have the form of descending curves.

Theoretically, at least, an ogive form is expected in such wu treat-
ment. Taking ahigh ability group as an example, the 100 cases should
all succeed on a long string of the initial, “easy™ items of n test. Then,
as the items which mark the limits of their ability ave reached, a few
individuals should err followed by an acceleration in individnal errors
and, finally, by a deceleration ax the most diflienlt items are attempled.
Nore—~TIu the preseut testing procednre, individuals were .s‘(;oiapcd
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after three consecutive misses. This means that an individual didmot
attempt iteins beyond the point where he stopped. It can be assumed
that had they gone onysuccess would have been a matter of chance. We
shall have more to say about this Jater. Meanwhile, the middle and
low ability groups should behave in much the same way as the high
group, but, naturally, the items over which the ogives occur should
be found closer to the beginning of the test.

What can be learned from these ogives when they are plotted to-
gether (high, middle, and low groups) as they are in figures 81 to 44?
It will be noted immediately that the points have not been connected
in the same way for all tests. This is because the mode of item presen-
tation varied. For tests in which stimulus value decreased with each
succeeding item (item to item decrement) the points are continuously
comnected (tests 3.5, 9,10, and 11). For the remaining tests, in which
stimulus value decreased by groups or lines of items (group to group
decrement) only the points for a given stimulus value are connected.
To make the analyses of the tests comparable, the average number of
suceesses per line ov group of items is indiecated by a horizontal lin
across each group in those tests employing group to group decrement
of the stimulus value. By tracing the horizontal hines for the high
group (civeles), middle (evosses), or Jow (triangles), the general form
of any curve ean be distinguished. Regardless of which method of
connection ix used it can be seen that the ogives are not always smooth.
They differ conziderably in slope and many of those for the high and
low groups ave incomplete. All these and cther observations supply
interesting information about the items. Each is discussed for the
test in general and for each item speeifically.

(1) Diserimination of high, middle. and low ability. How well do
individual ilems contribute to the scaling of ability or separation of
the three avbitrarily selected levels of ability? In the discussion of
frequency distributions we have seen that in terms of total score the
tests spread out individuals pretty well but with certain irregularities
such as bimodality. Looking at the individual items it can be seen
that, in general, they show orderly progressions in difficulty and
effectiveness in sealing ability. However, in specific instances the
item scales are quite inadequate. For exanple, examine test 1, the
practice test (fig. 31). This test is a group-to-group decrement test,
and the points for the items of like size arve conmected. Horizontal
Jines are drawn representing the mean number of successes for each
group of items, except those too close to 100 or 0 successes to be clearly
indicated. Taking esch ability group in turn, the high group
(cireles) has nearly 100 percent success over each of the first six
groups of items, then about 91, 81, and 33 of the group of 100 cases
sneceed on groups 7.8, anid 8 of the items.  Within these last 12
items the preseut test diffeventiates the ability of the high group.
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individuals. “This means that addition of more difficult items is
necessary to fully scale thie high group ability. In the middle group
{crosses) individuals begin to fail on easier items thaw in the high
group and in about four stimulus values (groups 6, 7, 8, and 9) the

ntimber of successes-goes from near 100 to near zero. The low groups,

on the other hand, seem: to have n much wider spread of ability as
measured by this test. The slope of the ogive is much gentler, with
three or four missing the fivst item group, and the number of success-
ful individuals diminishes over some eight stimulus values of the
test. Now reading up the columns above each stimulus value on the
abscissa, notice how the item group means ave separated in terms of

the number of successes on the part of the high. middle, and low ability

groups. The first five values fail to differentiate the high and middle
groups. Hence, if only this part of the test were given to stich popu-
lations, there would be no test at all. These items do diseriminate n
large portion of the low group. with only 34 out of 100 sneceeding on
the fifth group of items. Beginning with the sixth stimulus value
the items separate the high and widdie abilities. but it 15 over a very
narrow range that this occurs (some 12 items). This indicates that
the total scoves of the high and middle groups will be concentrated af
the high score end of the scale (negatively skewed) and that the scale
is too coarse to make fine diseriminations between individuals in these
two groups. Meanwhile, the low gronp continues to be spread ont
over the 6, 7, and 8 stimulus values and the test may be said to
measure this group most discriminatively.

To suammarize, the high group is never fully tested by the items on
the test, with some 33 out of 100 individuals still succeeding on the
smallest stimulus values. Both the high and middle groups are
measnred over a small range of the most difficult items presented and
with considerable overlap. Hence, the negative skewness found in
the frequency distribution of total scores. The low group is diserimi-
nated more finely, which results in the long negative tail in the
distribution.

(a) Tests 1, 2, 9, and 14. ‘The results for test 2. Army Snellen
(fig. 32), test 9, Line Resolution {fig. 39), and test 14, Vernier Acuity
(fig. 44), are subject to similar interpretations as those given for
test 1, Practice (fig. 1). Suggestions for improvement of tesis 1, 2,
9, and i4 are—

7. Extend the scale at the diflicult end hy at least 3 additional
stimulus values. This will eliminate the pile-np at perfect
or near perfect scores.  This applies to all 4 tests, but may
prove difficnlt in Line Resolution (fest 9) since the smallest
Hae is close to reproduction Jimnits.

2. Shift the Snellen (test 2) (o a Jogarithmie seale of Jelter

Notice that the last group of items is correctly called by a mean of 38

e N R

T

3. Use the swme number of items per stimulus value whenever

4. Add move stimnius values at the begimning of the test. In

sizes. Then add-items to all foni tests (o get better dis:
crintination. of ability at the high score end. There is
ample evidence that the addition of items by using smaller
logarithmic decrements will improve the tests. - The-New
London Letter (test 5) and AAF Letter (test 7), among
-others, use such scales and do a better job. Nevertheless,
these two tests still show some evidence of negative skew-
ness and, ag we shall see, further-veduction in the coarseness
of the scales may be necessary. It should be remembered,
however, that there are other possible causes of negative
skewness, e. g., the multifactor nature of the tests. An-
other possibility is the order of presentation of the items,
casy to difficult. The method used in all of the present
tests is a modified method of serial exploration. This
familiar technique as used in the laboratory, usnally avoids
two difticulties by suitable controls. First, ascending as
well as descending series are employed to avoid the constant
error of threshold estimation accompanying use of only
one series or the other. By using only the descending series
the present tests may overestimate ability; and, because of
the nature of the present scales, this may lead to an over-
dose of high scores.  Second, the presentation of a series
“with knowledge” of what is coming leads to an influence
of suggestion on the responses. In the present tests the
examinees may anticipate difficulty on the ensuing items
once they realize the decrement in scale values. The latter
difliculty is not considered too important in the present
cases, but the absence of ascending series in the present
testing is an important consideration if any contemplated
use of the test ean conceivably be influenced by this error
in measurenient.

possible. The present Army Snellen should be revised on
this basis wherever the size of the letters permit. In dis-
cussing the frequency distribution of this test (fig. 18) no
mention was made of this point although it enters as an
artifact explaining some part of the negative skewness in
that test. Since the number of items per stimulus value
increases by one for eanch successive value, those with high
ability automatically accumulate more score. Even if a
total score is not used and a line passage criterion is em-
ployed, the definition of chance performance or any percent
correcl in the siugle line will be variant as the number of
itents per line inereases.

fexts 1, ¥, 9, and 1% the initial items ave easy enough for
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almost all of the low ability groips to be successiul.  This
is not true of all the other tests as we shall see.  Although
tests 1, 2, 9, and 14 accomplish this for the low ability

- group, there are rensons to believe that they are not good.
enough. Notice that this group has little opportunity to
practice on a string of easy items, and this may account for
the gentler slope of the ogives. in dny cnse, the lack qf
practice makes the test a different proposition for this
group, and one wonders what would hnppen if the middle
and high groups began the tests with portions of their num-
ber failing the very first items. This also suggests that
scaling of items on the same logarithmic continuum may
not accomplish all that is desived. It may be necessary to
choose the scale ov scales for optimal use with divided abil-
ity groups. It is suggested thnt serious consideration be
given to the use of a few “pilot” items, covering a wide
range, to select the range of the senle in which any man’s
threshold oceurs, to be followed by a moere extensive group
of items over the restricted range selected. This can con-
ceivably he done by the use of only two or three of the
selected ranges, e. @.. onc for low ability, and one for high
ability.

(&) Zests 3,9,7,8, and 13. 'The diseriminative action of k> items
is similar for these five tests, namely, Dot Variable Size (fig. 33), New
London Letter (fig. 35), Bausch and Lomb Checkerboard {fig. 37),
AAT Letter (fig. 35), and Checkerboard Variable Grid (fig. 43). ILr
each of these tests, suflicientiy difiicult values are used to fully meas-
ure the high ability groups (circles on the graphs). All three ability
groups, high, middle, and low, are fairly well discriminated if the
average suceess points per group of items of like stimulus valoe are
considered. Individually the items do not do as well, especially in
the New London Letter Test (fig. 35). This will be discussed in detail
below. Notice that the ranges of items over which the high and middle
groups of all four tests are discrinsinated cover more stimulus values
than those found in tests 1, 2, 9, and 14 (figs. 31, 32, 39, and 44). The
middle group (crosses) in figure 38 is the only exception with close to
100 successes on the fourth stimulus value, & mean of 80 on the fifth,
14 to 15 on the seventh, and almost no suceesses on the eighth. Over
these three stimulus values the group passes from complete success to
failuve. Althongh the items on the five tests suceeed in spreading out
high ability, there is still yoom for intprovement especially in the two
letter fests (5 and 8). Negative skewness is apparent in all tests Lo a
slight degree aud may be a function of the coarseness of rhe seale or
other canses mentioned in the disens~ion of tests 1,2, 9, and 14

Of nch greater concern are the resnles for the low group on tesis
3,5, 7, 8, and 13. The ogives for this ability group are incomplete.
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‘On the-first stimulus value of Dot Variable Size (fig. 33) an average -

of 37 men out of the 100 man group commit errors. Similar results are
obtained for tests 5, 7, 8, and 13: a mean of about 43 out of 100 fails
the first item of test 5; 27 fail the first value of test 7; 49 fail ini the

case of test 8; and 32 out of 100 fail on test 13. Hence, ability of the

low group is measured incompletely and this accounts for the minor
mode of zero score observed in the frequency distributions for these
tests. At the same time, the items do an excellent job of separating
the low ability group from the middle and high on these tests. For
screening purposes they are adequate; for purposes of scaling low
ability, laxger items are needed. Suggestions for improvement of
tests 3,5,7, 8, and 13 ave: )

7. Add less difficult items than the eusiest ones in the present
lests.  As mentioned in connection with tests 1, 2, 9, and
1}, this may be accomplished in two ways. Extending the
itemis at the easy end of the scale may effect a normal dis-
tribution. On the other hand, the same logarithmic scale
of items may not apply equally well to different ability
groups, in which case more than one scale of items may
prove froitfnl.

2. Increase the nuinber of stimulus values, hence the fineness
of the scale, to elimmnate the negative skewness and spread
out the higher ability groups, especially in the Letter and
Dot Variable Size tests (figs. 33, 33, and 38).

(¢) Z'est 11. The ogives for the AAF Constant Decrement Test

(fig. 41) are like those for the Practice, Snellen, and Vernier tests in
the sense that they reveal failure to discriminate at the high and middle
ability levels. This is due to a coarseness in the scale below the 20/20
item. This test is unlike the Practice, Snellen, and Vernier tests since
it starts at a much more difficult level (20/40) and 27 of the 100-man
low ubility group fail the first item. In this respect the test is similar
to tests 3, 5,7, §; and 13. This is not surprising since all of these tests
began with stimulns values physically equivalent to the 20/40 item of
the present test. The net result is a test which discriminates poorly
at the high ability end (negatively skewed) and has a minor mode at
Zexro. :
The irregularity of the emrves for this test is a function of the
decrement used, namely, item to item. Iudividualitems do not retain
the same ordexr on the difficulty continuum as that expected in terms
of physical size. This is also found on group-to-gronp’ decrement
tests, but. avernging the vesults of items at given stimulus values tends
to smooth the envves for these tests. The variable action of individual
items will be disenssed more extensively below.

{ldy Test 4 and 10, The Quadrant and Dot Vaviable Contrast tests
{figs, 34 and 40) ave constant decrement tests. Both have low reli-
ability in their present forms, but are guite different with respect to
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- item  diff eulty. In the qlmdn imt test (4), the items diseriminate ability

over the entire test, but ii the dot contrast test (10) inost of the dis-
crimination takes place over the first 6 items. The result is a fnirly
normal distribution in the case of the quadrant test and a positively
skewed one for the dot test. In both tests there nre insuflicient items
at either end of the scale to mensure the highest and lowest abilities,
and the individual items in both behave quite exratienlly. However,
the quadrant test (4) stnnds out ns"most useful in its present form.
The larger area of the “spot? in the quadrant contrnst test is credited
for its supetior performance as a test. Item difliculty in the dot con-
trast test is probably a function of using an avrea too sinall for reliable
measurement purposes. In addition, it is conceivable that ovienta-
tion of the responses in the diamond franme of reference used in the
dot test confuses the difticulty picture, and that diserimination of the
diamonds becomes a serious limitation on performance.

() Tests 6 and 12. The items of Triangle and Square Discrimina-
tion {figs. 36 and 42) diseriminate fairly well over the entire runge.
but the square test (12) is seen to be the more difficult of the two. In
the square test the high and middle groups are poorly discriminated
over the first few items while successes diminish rapidly in the case
of both groups. In the triungle test (6} both high and middle groups
are poorly discriminated over early items, but suceesses do not diminish
at these points. In both tests initial and finnl items are, respectively,
too difficult and too easy to wmeasure the complete range of abilities.
This is especially true of the final items of the triangle tests (6) in
which 58 out of 100 and § out of 100 cases in the high and middle
groups, respectively, succeed on the final item. Ouce again, the irregu-
larities apparent in the action of individual items of these lests are
important in considering revision of the tests and will be discussed
below. Suggestions for improvement of tesis -, 6, 10, 11, and 12 nre:

1 Add easier items to the AAF Constant Decrement Test: (11).
2. If a. normal distribution is desired on the AAF (onstunt,
Decrement Test (11) shift the size value to logarithmic
ones as in the case of AATF Letter (8) nnd New London
Letter (5).

8. Since the present initial items of the Trinngle {(6) and Square
(19) Discrimination tests ave as easy as they can be made
in the present form, addition of easier items to these tosts
1s a matter of attemptmfr to inerease their size.and improve
their spacing to a point where the initial item ean be cor-
rectly judged. Spacing and item size should be corrected
throughout these tests.

4. Increase the number of scale values at the difficult-end of
I‘uzmglc (6) and Square (12) Diserimination tests, more
50 in the case of the Triangle. Inlmpnh(v additional items
at scale valies where present diserimination is poor.
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4. Tnerense the nren of the “spots” n Hre Dot Variable Con-
trast Lest (10).

6. Make both contrast responses as free as possible of spatlal
references if a purer test of brightness dlscmmmatlon is
desired. . . _

7. Increase the number of scale values by addition at both ends
of the contrast scales (4 and 10) and interpolation within
the scales.

(2) Tifficulty of individual items. In discussing the discrimina-
tion of ability by the items, in general, brief mention was made of the
varyving behavior of individual items. Iowever, several interesting
bits of information may be garnered from such an analysis and may
prove guite important in fnture test designs.

In considering the action of individual jtems the first point becomes

1 matter of what one expects to occur in terms of the form of the items -

and the modes of presentation and response. Two forms of items
are presented in the tests: Letters to which the responses are the
names of said letters, and objects placed in two-dimensional space to
which the responses are in terms of four positions—top, bottom, right,
or left. As to presentation, the two forms of the items are used in

tests with iiem-to-item decrements and others with group-to-group -

decrements.  Both item forms are used in tests with one chart and
in those broken up into two charts.

In the letter tests an absolute judgment is made about the patterns
presented no matter what form of presentation is used. In this, the
possibility of success by guessing alone Js rather shm since the ex-
aminee has 26 letters from which to choose. This number is some-
what reduced if the examinee realizes that letters are repeated, but
in the present letter tests thisis likely to occur only in the AAF Letter
Test in which the six letters are used from line to line. In general,
it is fair to say that the chance Ietter response is indeterminate.
Nevertheless, as the threshold is reached on the letter charts, one ex-
peets to find certain letters called correctly more often than others on
the basis of consistently greater ease of certain forms.

In the nonletter tests an absolute judgment is also used, but in
these cases the role of chance is determinate since one of four possible
choices can be called for each item—-top, bottom, right, or left. Each

examinee by sheer guessing has one chance in four of success, on any.

A& SRS

item. In other words, one ont of every four examinees is expected
to succeed on the basis of chance; and at any line in the test, depend-
ing on the difliculy at the items for the group attempting them, about
the sume numbev of successes are to be expected on all four items of
like size.  Of conrse, this assumes that variables other than the speci-
fied sizes of the items have little or no influence on the response. Such
variables ave: ihe relative position of an item in lines of any chart;

b ¥aY -
791039 -48 - & 1vo

=0 SR e LT T s = eI y——




“vafigbles introduced by the four different responses—top, bottom,
right;and left; the shift from line to line-of any chart;and the shift
from chart to chart of any test. Ior nonletter items with the same
speuﬁcatxon some varviability in the number of successes about: the
mean is to be .expected on the basis of group fluctuations in ability.
Any systematic departures from chance-expectancy related to variables
such as.those-cited above, may indicate serious flaws in the test or tests
in which they are found. ‘To prepare for an examination of the data
with respect to such departures, chance expectancy shonld be carefully
identified.

It has been scen thit one out of four individuals will ordinarily
succeed on a four-choice item by guessing. In other words, 23 percent
of the individnals who are guessing on any line of items ave expecied
to succeed on any item by chance alone. “This means that, in addition
to those who can actually see any given group of items of like size,
25 percent of those who ave reduced to guessing will also be suceess-
ful. But this assumes that the same number of ndividnals tries oll
the items of a given size. This may not be true in thc present tests
becanse an artifact avises in the method used o stop the tests. Lesis
are stopped after three conseentive misses, no mmiter where in the
line, or lines, these oceur. ‘Theoretically, four possible modes exist in
whicl three consecutive errovs on any two lines of four items can occur.

As an example of this avtifact, consider a group of N people for
whom a given line is snpraliminal and for whom the next Iine is sub-
liminal. In such a case, where both lines “straddle™ the limen, the
pattern of responses for those people in the group who end the test

on the second line will nsually be—

Item. position
1 2 3 4
-

. S
e 4o o E E E O

Where S is a correct response, I an error, and O indicates that no
response was allowed.

In a four-choice item with one-correct choice the probability of an
error on any item, purely on a chance basis, is 34. If line v is sub-
liminal for this particular trronp. and they are guessing in the sensc
of responding on a chance basis, the p‘rﬁbubﬂ'ii?\' of the above pattern
of responses is (34)2 or .42. Frem this we may conclude that 42N wili
not respond to item 4, line . Of (hls number 14 would have been
successful if allowed to continne. Therefore 14 of 42N or abont 10
percent of N is the amount by whi(h the nnmbor of successes on item
4, Iine y, will be reduced. Since we ordinarily expeet 25 pereent of
this gnessing group to be snecessful on each item of line y it follows
that the expected number of snecesses ou items 1, 2, awd 3 are 25 percent
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of N, but on item 4, beeause the test was stopped for 49 percent of N
it wxll be only about 15 percent of N.

The special features of the gronp of N people discussed nbove should
be emphasized : :

Their Jiniens were in the gap between line z.and v.
The probability of making an error on line @ is assumed to be
negligible.

For this group, then, only the last or fourth item in the line was
affected by the test stopping method and it would thus appear to be
more diflicult than the other three, where number of successes is the
difficulty criterion.

When the test is stopped for any individual at any point we know

that the pattern of the Jast four responses must be S EE BE. Now of
the 52 percent of N individnals in the above group who continue, the
proportion that will drop out on item 4, Iine %, and who will not
respond to the first iten of the ncef Tine (say line z) is given by the
probability of this pattern which is 11 (34)* or about 10 percent.
Of these, 25 pereent would have made an “S” response on item 1,
line 2. Therefore, the mmnber of successes on this item will be (0.25)
{10y (0.52) N or about 1.3 percent of N Zess than for item 4, line 3.
We can move the pattern S EE E forward in this manner one item at
a time.  In doing =0 it can be shown that the number of successes on
each item is successively reduced.

The same type of argument would apply to a situation where two
adjacent lines were supraliminal and liminal respectively if we de-
fined the probability for an error at a limen in the usnal way as V.

In general we would expect, in a line where the probability for
ervor was appreciable and constant and which immediately followed
a supraliminal line, that the fourth item wonld act as indicated at the
beginming. Thereafter, for lines following this line the decrement of
suceesses would continue for each successive item.  Since the combina-
tion of all these factors are additive the effects may be at times quite
noticenble and this should be remembered in examining the results.

In summary, the effects of all the above will be to (1) decrease the
number of successes of the fourth item in the neighborhood of a Iiwen;

(2) decrease the munber of snceesses for each snecessive item after the
point defined i (11: (31 increase the ordinate distangces in terms of |
number of successes between Imes after the point defined in (1).

In examining the results, letter and nonletter tests are treated
separately.

(@) Letter tests.

1. Test 2o Ay Suellen {fg. 32).  Considerable variability in
the number of snccesses on letters of like size is apparent in
this test.  The letters o any line ave not always of equal
difliculty.  For the low ability gronps, shown in the figure
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by triangles, the fluctuations noted are not too severe and
may be cousidered a resnlt of chance variation in the san-
Dle tested. For exainple, on line four of the items, 65 of
those in the low ability group, who ave still attempting the
iteins, succeed ou the first item; 81 on the second ; 62 ou the
third; and 72 succeed on the fourth item in this line. The
letters of the line ave P, I, O, and E. However, when
results on these same letters are examined for other lines
of the test, n somewhat consistent picture of unequal difti-
culty is obtained. Taking the letter P in lines -, 6, and 7
af the test, the number of successes by the low group in
this letter is always lower than the mean for the line. The
L’s, oni the other hand, seem to be consistently easier. In
lines 3, 4, 5, 6, and 7 successes on the I.'s are always greater
than the mean low ability group successes on the lines in
which the I's appear.

Turning to the high and middle ability plots, the letters
are found to be even more variable, and consistency of item
difficulty from the high to middie groups is also observed.
The last letter in line 7, P, is zeverely lower than the mean
success on the line for both the high and middle groups.
In fact, the letter wasx more difticult for the high group than
most of the letters in the sume line wete for the middle
ability group. Compared with a mean success of over
83 individuals in the middle ability group on line 7, only
74 of the high group snccessfully called the P, at the end
of the line. Inline 8 it is evident that the difliculty of the
letters varies considerably. Of course, the extent of this
appears greater in the plots for this line partly because this
is a point in the test where greater fluctnation is expected,
being at threshold or near threshold value for the indi-
viduals of the high and middle ability groups. However,
in both ability groups the two L’s and O are consistently
easier while the two C’s and D are consistently more difficult
in comparison to mean success. In the high group plot
for Iine ¢ the se¢ond letter B is typically high in number
of successes, along with the L, while Z, C, and T of the line
are most difficult.

Po sumimutize, there is o rather consistent finding that
certain letters of the Army Snellen Test are easier while
others are more difficult than the mean difliculty for the
lines in which they are placed. As such they do not de-
stroy diserimination between groups of different ability
since the letlers act rather consistently for these ‘groups.
However, from the point of view of measurement this
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variability should be reduced by further ~st:mdardi;ing‘~the=

items.

P24

2. Lest 6. New London Letter (fig. 35).° About the same

amount of variability is found in number of success by the
three ability groups on the lines of this test as that found
on the Army Snellen. The first letteir of the test, G, is
quite atypical of the action of the other four letters in line
one of the chart. In the high ability group only 78 out of
100 succeed on the letter compared with perfect group per-
formance on the remaining 4 letters. In the middle ability
group, 69 ont of 100 succeed on the G while the other 4
letters are always correctly called. And in the low group
the 31 successes on this letter are far below mean success
of over 56 on the line. Nor does this mark the end of
trouble with this letter. It is consistently more difficult
than the other letters of like size, for all three ability -
groups, in lines 3 and 4. The results on later lines in
which the (¢ appears (lines 6 and 9) do not reveal that it
is so atypical although in line 6 it is next to the most diffi-
cult letter of the line for the high ability group. Otlier
letters of thix test which rather consistently vary in diffi-
cully from means for letters of the same size are the let-
ters O, E, and V (easier) ; and the letters H and Y (more
difficult). These results, naturally, are seen best at points
in the test where the thresholds are being reached (lines 5,
6. 7. and & for the high and middle groups). As in the
Snellen, considerable work is necessary to better equate the
dificulty of items of like size if this test is to be an ac-
curate instrument.

3. Test 8 AAdF Letter Test (fig. 38). In this test the fact

that the same six letters (I, M, G, S, Y, F) are used, in
varying order, in each line makes analysis of the individ-
nal items more complete. Here, the same letter can be
traced thirough every size value employed in the test. The
fivst impression is that variability of difficulty among items.
of the spine size value is less in this test than in the other
letter tests. Letters which act in ways systematically dif-
ferent from others are quite rare.” The letter P seems to
fall above the mean success points on lhues 6, 7, 8, and 9
for the high ability group; lines 5 and 6 for the middle
ability group; and is quite inconsistent for the low ability

group. It may be less difficult, but the evidence is incon-
clusive, The letter S is below mean success on lines 6, 7, 8,

and 9 of the high group; but it does not act as consistently
for the middle and low, ability groups. In general, it
can be said that improvement in the letter dificulty picture
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is.going to be-arduous in the case of the AAF Letter “Lest,
 except for improvement in the letter P.

4 Test 11. AAF Constant Decrement (fig. 41). Some irregu-
larity is noted in the stendy progression of difficulty which
should be obtained on the items of this test. Ench succes-
sive letter is smaller than the last. In the plot for the low
group (triangles) a cyclie pattern is seen with the letter
V appearing to be easier-than certain other letters. If any
letters are consistently more diflicult, they ave the C’s and
Z’s, but this tendency is not marked in the low group. For
the high group ¥ again appears easier at the tweuty-eighth
letter position, and it does in the sume position for the
middle ability group. Letters ¢ and % are rather con-
sistently low in the high and middle ability groups.

In this constant decvement test another point of jn-
terest is the break occurring between lines.  From the pres-
ent data there does not seeni Lo bie any systematic fluctuation
in iten difticulty as a result of shifting from line to line.
The arrows on the abseissa indicate the points of shift,
and the first item of the line following the break seems
to be of lesser or higher difliculty on about a chance basis
for all ability groups.

As corrective measures in this tes
the dificulty of the letters V, C, and
by the preseni data.

(f) Nonletter tests. In the nomletler tests, interest in the indi-
vidual items les in the relative difficulty of items of the same size (four
n a line or group) ; in any differential difficulty of top. bottomn, left,
or right modes of response; and in the break between chnvts when two
charts are used to display all of the items of certain tests. The tests
will be discussed in numerieal order.

t, only modification of
Z seems to be indieated

1. Test1. Practice (fig. 31). "This test, which employs a square
modification of the Landolt ving, i contained in one chart
and consists of groups of one to four items of like size.
Four items ave preseuted at each size ea tegory from vize 3
through the remaining ones, but, for the first {wo HIZES,
two and three items are presented. Examination of figmre
31 reveals that the items per groups of the same size are
never as variable about the mean success points (horizontal
lines) as was observed in the letter tests (2, 5, and 8).

ertaim groups of items, namely, group 5 for the low ability
group and group £ for the middle one, indicate that difli-
culty within the same size of items deerenses progressively
aver the positions of the iems within any given grouj,
This is not conelusively demonstrated by easnal perusal of

.
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the plots although, in more cases than not, the first: item in -

the groups seems to be less difficult than the: last. Remem-
bering the artifact introduced by the method of stopping

the test, it is to be expected that somewhat fewer successes:

will be found on the last item than-on the first. :prever,
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WMceure 31.—Practice Test—Test 1.

n the present test, the hypothesis that no variation in suec-
cesses aceurs as between positions of items in groups of like
size except that due to chance random sampling has not
been tested, Present status of the analysis makes this
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| prove to be interesting from the point of view of test
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of 100 each, selected on the basis of nnmber right to 3 conserutive misses.

Froure 32—drmy Sucllen. Tegt—"t'eg 2,

Rodm e b bog . s . . . o) .
Asto the top, bottow, right, or jeft categories of response,

nothing conclusive can be said about any systematic difli-
culty attached to one or the other on the basis of current
results on this test.

2. Test 3. Dot Viriable Nize (fig. 33).  Once again, on this dot
test less variability is noted g mong the items of like size
than that observed in the letter {ests. Beyond this, the
same tendeney is noted in this test as in the Practice {es (1)
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for Jast items in the line to be more difficult than the first.
Agnin, the deviation of this result from chance expectancy
cannot be shown readily from the present results.

In passing, note that lines 1 and 5 for the low groups,
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Figune 833.—Dot Variable Size T'esi—T'est 3.

line 7 forr the middle group, and lines 7, 9, and 10 for the
high gronps show consistently fewer successes from the
first to thie last items in lines of equal stimulus size. The
result of nsing two charts is of considerable interest in this
test. The arrow on the base line represents the point at
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iy ‘which. the second chart is introduced. Notice that the low
> group has reached a point of complete failure before the
H second chart is introduced. In the case of the high group,

however, the introduction of the second chart is contiguous

: with the onset of many thresholds. It is interesting to

¢ find that the mean success on line 7 (the first line of the

' second chart) is practically the same as that for line 6 (last
of the lines on-chart 1). Whether this irregularity is dne
to the new constellation of stimuli presented in chart 2 or
something specific to the first Jine of a chart is not clear,

In any case the occurrence of this atypical result may
indicate that the use of two test charts to present the same
test item continuum leads to error in testing. It way be
better practice to seek a new method of presentation which
avoids this deficiency, such as presentation of item after
item or line after line by machine projection.

J. Test 4. Quadrant Tariablc Contrast (fig. 34). In this con-
stant decrentent test a continuous decrement of success is
expected after each ability gvonp reaches their threshold.
Indications from the results (fg. 34) are that two serious
irvegularities oceur in this test. First, item 5 1 ppears to
be as easy as item 4 tapproximately the same number of
successes). This indicates poor construction of the test.
since the observed deviation from expected deerement in
successes does not appear to be related to any hreak be-
tween lines {indicated by the arrows on the base line). The
second irregularity is a suggestion that the line break De-
tween items 6 and 7 results in a rise in successes on item 7,
however small, as evidenced in the plots for the middle and
low ability groups.

4 Lest 6. Triangle Discriminalion ( fig. 36). "This triangle
test is another constant decrement test with four possible
choices on each item. The outstanding feature of the re-

sults on this test is the consistent rise in number of SHCCesNes
achieved by all three ability groups as they passed from
the first to_the cecond chart.  On item o, the Jast itemi of
chart 1, 79, 63, and 5 casex of the high, middle, and low
groups respectively, suceceeded. Successes on ite 11, the
. first one on chart 2, amonnted to 94, 90, and 23 men of the
high, middle, and Jow groups.  Clearly, this indicates that
either the first item or Jine of a est chart is easier than one
would expect from the item sizoes or that the presentution
of a mew chart introduced a new approach on the purt of
eXaiiiinees,
9. Lest 7. Bausel and Lomld Checleerboard (ﬁg, 3.
items of this chéckerboard test behave in wmeh the
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Frounre 3S.—AAR Letler 1'est—Test 8.
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~ way as do those on the Dot Vavinble size test (fig. 33). 0
Again there is some indication of a progiession of -diffi- 1 y
culty fromi the first to last positions of the items in the lines. ‘ .
The break between charts has no observable effect in this
box - test. ‘ .
' 6. Test 9. Line Besolution (fig. 39). 'The results of this test I : . e 8 E-Snesnemnsdtasrsansatams
show nothing thathas not been discussed in connection : : o e : :
with the dot and checkerbonrd tests. Again, items of the Lt L Q.!L’f'-“!z
. same size are seen to be less variable in difienlty than the 100 [N 0008 008 14K e qurh 1% :
: letters. ]
7. T'est 10. Dot Variable Contrast (fig. 40). The outstanding HAALE =
result in this test is the jump in successes on the pait of the : 3
high ability group on itemm 7. This may be nn item with
a contrast value different from the specification given for ! -
1t, or the rise in successes may be a function of the shift
from line to line between items 6 and 7. Finally, the rise #
n successes may be a function of chinee random sampling. »
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8. Test 12 Square Diserimination (fie, 42), The items of this
test comsist of six “squares” which take one line of the test
per item. ‘The second, third, fourth. nnd fifth positions in
each line ave the plnces where the curved “squares™ may
occur. To avoid any variation in diflienlty that might
arise because the correct response (square with curved
sides) falls at the beginning or end position of a line, n
trne square is placed at both ends of each item. This
means that each of the possible choices is completely sur-
rounded by objecix except those in the first and last items
of the two charts. These items nre not bordered by squares
above the first item or below the last item of either chnrt.
This may contribute to the irregularity in difliculty which
appears for item § in this test. item ¥ being the last item on
the first chart.  In both the high and middle ability groups
a rather sharp increase in number of successes is found on
item 8. Other than this, litile can be snid nbont the present
items aside from the contention thnt in their present form
they produce all kinds of configurational effects which, if
possible, should be eliminated.

9. Test 15. Checkerboard Variable (Frid {fig. 13). The items
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of 100 each, selected on the basis of number right to 3 consecutive misses.
Ficure 39.—Line Resolution Tesi—Test 9.

of this test show the same relative stability observed in
other nonletter tests, but again, there is some indication
of systematic vaziation in difficulty dependent on position
of the items in any line. As mentioned, part of this can
be explained in terms of the artifact which makes the
chance expectancy of snecess on the last item in any line
lower than that on the first three. To establish the num-
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Freouxe 40,—Dot Variable Contrast Test—T'est 10,

122

LEGEND
O~8—0 HIGH GROUP
W—w—3 MIDOLL GROUP

A—a— LOW GROUP

THE LCTTERS ACMOSS THE
TOF OF THL GRAPM ARC
THL COARCCT ALIPONSCS

110 THE aTgus

C A ammoms (1) on e
9230 LIND ACPALSINY

BACARS BCTWLEN LINCS

‘J9F THE CHART

fa i e

fbn

oA w v

= ae

EEEE T
[} S

N
b w womys het g
DEpas i
BEPROPETH

g

¥ Y PR . B :
I Ly J et
1 | ey T mms—pa o2 2t
i 11 T EEEEY
11 § L] T e =y
it ; oot i’ & -t
k1 |43 =
- o
o 1 i
L3 $ kM
13
+ . o ¥
X i1

.I?e -t

£

.

5%

3

=
L

Cy

£
L
| ]
L1

t )

e

e e T i £ —— AT -y fo—

i r——

I ‘.

L
[N} i

i T e

A TR t,'w‘aué-?%:;ﬁg@ﬁi{%

1.3

I3

St

T—

ok ) V! R4

243 de

R T R

'

A4

KYVSER OF SUCCESSES

I
1 ,;_L._.
S

“+

LEGEND

29— HIGH GROUP
JN—ti—x M100LE GROUP|':
: Syedye—dy LOW GROUP

10 THE 1TEMS

frue amrows (T) ok THE

BASE LINE REPRESENT
JJORLAKS BETWEEN LINES
‘joF TMEL CHART

s;%

4 44|

—

.

=] |4

- e RER

—4TE LCTTERS acRoss Thelill
jroR of YHE GRaPd ARt
$v LJTHE CORRECT RESPONSES

.
-+

BN

o

+d

-

.
.y
-

T

I

4=
Il

The 3 plots represent successes atiained by high, middle, and low ability éx'oups
each, sclected on the basis of number right to 3 consecutive misses.

FIGURE 41.—4AF Constant Decrement Test—Test 11.
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Froore 4d —Vernier Acuity Test—~Test 1.

e N

ber of people guessing at any particular point, herce the
theoretical expectancy values from which the results may
deviate, is virtually impossible from the present dats.
However, a contingency table based on. right (B) -and
wrong (W) responses can be used effectively since such a
method automatically takes care of the.fewer attempts
accumulated on any item position in a given line. Table
XXT presents the results of reworking the data of this
test into a contingency table. The table is based on the
data from lines 5, 6, and 7 of the high ability group.

Tanre XXT.—Distribution of right (R) and wrong (W) responses for
the atiemplts (A) made by the high group on the four item positions
of lines 5, 6, and 7 of test 18, checkerboard variable grid

| Item positions

Total
1 2 3 4

R | 149(142){ 127(134)| 118(126)| 117(109)] 511
Responses...{ W | 109(116)| 116(109)| 112(104)| 81 (89)| 418
A ] 258 243 230 198 929

From the data presented in the table above, the hypothesis
that there is no difference in the difficulty of items at-
tributable to their position in a line of the test chart, except
that expected by chance, random sampling may be tested in
terms of the distribntion of x> The theoretical frequencies
are given in paventheses in the table. The value of ¥ is
4001 A ¥ as lavge as this for 3° of freedom would be
exceeded by between 30 and 20 percent of all randoin
samples. Thers is no reason, therefore, for rejecting the
hypothesis. However; this does not establish the hypothe-
sisas true. Further search may demonstrate some relation
between difficulty and line position. Nor does this result
mean that one can confidentially assume that the hypothe-
sis will not be rejected when applied to the data for ofher
ability groups on test 12 and that for all ability groups on
other tests of similar design. In addition, the test of the
hypothesis as made in this small sample, does not take into
consideration the mede of response—top, bottom, right, or
left. Both the position in line and the mode of response
may influence the result. Only when an equal saraple of
top, bottom, right., or left responses has been collected at all
line positions will any thorough test of the line position
hypothesis be obtainable. A similar condition applies to
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any study of differential: difficulty in relation to the mode
of responses. In this case line position must be con-
trolled.. )

A rather startling result is found in terms of the use of
two charts for the test. The break between charts occurs
between lines 6 and 7 of the test as indicated by the arrow
in figure 43. Reference to the 'specifications for these
two linesof the test reveals that by aceident thesame stimu-
Tus value is employed in both. Hence, it is surprising to
find that the numbers of successes on items of line 7 are so
much lower than those on line 6 items. It indicates that
serious errors in measurement may occur if tests are broken
in half, and it may be best to present items on one chart or
individually to avoid any possibility of breaks in procedure
producing a shift in the level of difficulty of the task.

10. Test 14. Vernier Acusty (fig. 44). 'The action of individual
items on this test is similar to that mentioned with respect
to other nonletter tests.

5. Analyses of Test Conditions, Correlation of AGCT and Letter
Test Scores, and Examinee Opinions About the Tests

This paragraph is devoted to certain miner considerations derived
from the data collected at Fort Dix, N. J., which, while not of primary
interest, are among the important items of information which may
expand knowledge in the field of vision testing and point the way to
future efforts.

a. Test Coxorrions. Variance in vision test score may not only be
attributable to factors such as those mentioned in paragraphs 2 and
8 of these results but may also be a function of nnreliability and other
specific factors associated with the tests. Among the sources of error
in individual examinations, such as those of the present study, are:
The portions of variance attributable to divergent test booth condi-
tions (brightness, condition of equipment) ; those introduced by dif-
ferent examiners; those introduced by the order of presentation of the
tests; and those portions of variance attributable to the time of day
at which the tests are administered. In analyzing the variance at-
tributable to these test conditions the basic idea is to test certain null
hypotheses, all couched in terms of expecting no influence of variables,
aside from individual visual ability, other than that expected by chance
random sampling. It is clear that in such a process the hypotheses
are never established as completely true. What is learned is with
what degree of confidence we may or may not reject the hypotheses.
If the null hypotheses cannot be rejected with confidence, it is ap-
parent that test conditions are not contributing enough systematic
error to worry abont them, although the question will always remain
as to how much they might contribute if standards of administration
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are relaxed. If, on the other hand, the 'hywthegg_ can qgite‘@ﬁ-

dently be rejected (assuming. that an adequate random sample has
been analyzed), then it behooves test administrators to look to the

conditions of administration and to seek’to elimindte the seurces of

significant error. In the present study it is interesting to examine
this material, because it is hoped that such extra-ability sources of
variance did not enter significantly.

(1) Variance attributable to test booths. In utilizing six test booths
to collect examination data, there is a possibility that serious sys-
tematic variations may arise between the booths. Illumination, hence
chart and wall brightness, may vary; and other sources of variance
may accrue from the supervisors and examiners who worked in the
different booths. In any case, the hypothesis to be tested is that no
difference in test performance is attributable to test booth variations
other than that expected by chance random sampling. To test this
hypothesis the within group variance (that attributable to individual
differences and ether unanalyzed sources of error) is compared with
the between groups variance (that attributable to differences in test
booths). The ratio of these variances (between-group/within-group)
is known as I, and the size of this statistic may be compared with
known values of T which will oceur by chance. * The analysis is sum-
marnized in table XXTT.

From the last column of table XXII it can be seen that for most
tests the compnted value of ¥ is lower than 1.00. Entering a table
of I it is seen that for 5 and 786 degrees of freedom, for the respec-
Live varinnees, & value as lavge as 2.22 is expected to occur by chance
in only 5.0 percent of all random samples. Accepting this as the
level of confidence, it is evident that in all but one test the computed
value of I islower than 222, This means that for these tests the
null hypothesis cannot be rejected with sufficient confidence to declare
that booth. variance is sigriificant. In the Quadrant Variable-Contrast
TPest (4), however, an ¥ of 2.72 is found. Sucha high F (higher than
1.80) is not expected in more than 5.0 percent of all random samples.
In this case, the hypothesis can be rejected with some confidence, and:
it may be said that varviance attributable to differences in test booths
1s serious enongh to cause some concern. That the Quadrant Contrast
Test is the one effected (Nore.—The Dot Contrast (10) has the next
tighest F value) is interesting since it wwas felt at the time of booth
construction that poor lighting conditions would effect the contrast
tests more seriously. The mean scores on the Quadrant Contrast Test
(4) ave 4.99, 4.69, 4.89, 5.09, 4.46, and 4.27 for booths 1 to 6, respec-
tively., Notice that the last two booths, 5 and 6, have the lowest means.
In seeking improvements these two booths should be examined,
especially from the point of view of illumination conditions,

Before leaving the analysis of booth variance, it must be emphasized
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that the experimental design for-this study did 1ot prepare primarily
for -this approach. Hence, the present test-booth variable is con-
founided with any variation in examiners who happened to he con-
tinuously associated with this or that booth.

Tni the next analysis the examiner variable is studied separately and,
here too, any Sighificatit variation i examiners may be due in part to
systematic variations in the booths to which they are assigned.

(2) Variance attributable to diffevent examiners. Certain test
results may be expected to differ according to who gives the tests. Some
examiners may motivate the examinees, while others may not. No
matter what variables.are introduced by variation in examiners, it is
interesting to note the effect of this possible source of error on the

TapLE XXII.—Belween-groups (booths) aud within-group variauce, the degrees of
freedom. for each variance, and compuled value of F for cach of the 14 wall chart
visuel acuily lests

' } t
Yo e e ey | T

! T k T

1. Practicec oo coococcnooccano-- . 36.8 5i 46.0 786, 0:80

2. Army Spellen_ . .. ______._.__.. 106. 4 5 95.4 ! 786 ; LIl

3. Dot Var Size o ccoemnmanaas 35.0 5 95.3, 786 .37

4. Quad Var Contrast____... feama 11. 4 § 5. 4.2 786 2.72

5. New London Letter_______._._} 1400 51 2061.0. 7861 T

6. Triangle Diserim. .o _.__.__.. B A T 5! 20.0] 786 2

7. B and L Checkerboard._ .. ... 235. 4 5! 3.2 786 .74

8. AAF Letter. .. 170. 6 3 198. 0 | 756 . S6

9. Line Resolution_ oo ._o_._-.| 107.2 5 146. 2 786 .73

10. Dot Var Contrast_-_._o_c_-_.. 6.2 5 3.9 786 L 60
11. AAF Constant Deer_ oo meee. 36.4 5 77. 7 780 .47
12. Square Diserim_ oo oon___ 7. 4 5 11.0 786 . 08
13. Checkerboard Var Grid________ 43, 8 5 47.71 786 . 92
14, Vernier_ ..o oo aee. 32. 8 5 36. 4 ‘ 786 . 90

———

various tests. The hypothesis to be tested is that no variation in test
performance occurs due to the different individuals employed as ex-
aminers except that expected from chance random sampling. The
same method is used to test the hypothesis in this situation as was used
to examine the booth situation. The results are presented in table
XXIIT. -

With the degreés of freedom given in table XXIIT, it is discovered
that an T value of 1.80 is expected by chance in only 3.0 percent of all
random samples. The computed values of F for three of the tests
exceed this value, 2.43 for test 4, 1.87 for test 10, and 3.08 for test 12.
For these tests the null hypothesis can be rejected with the indication
that examiner differences are significantly greater than one would
expect by chance. For all other tests the iy pothesis cannot be rejected
with confidence.
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Examiner veriability seems to play a Jarge part in the test score
variance of the two contrist tests (4 and 10) and the Square Piserirai=
nation Test (12). Itisinteresting to note that these are the threeleast
reliable tests of the present battery: In the case of the Square Test
(12) a considerable degree of error seems to be introduced by examiner
variation while, as we have seen, the null hypothesis as to-booth in-
fluence cannot be rejected. Before concluding that examiners made a
mess out of the square or any other test, it is well to realize that the
interaction of test and examiners may aceount for this. The test may
be poor-and difficult to administer, thus producing a sharp distinction
between examiners. With simplification of instructions and other

TanLe XXIIL—DBelween-groups (exawiners) and within-group variance, the degrees
of freedom for each vartance, and compuled values of I for each of the 14 wall chart
wisual acuily lests !

- ——— - - - B T e U U ——

Tes e | s || g |
O S | N+ 11| 45.8| 776 1.32
e 115. 0 1] 954 776| 121
P N A 11| 99.8| 776 .43
O B (1 35 | 11 421 776 | 243
O ! 23441 111 26L0| 776 . 90
.. e o .. 206 11, 289 776 102
T e e miamme e 26. 4 11| 342} 77 .77
S.o . e R I £ Y 11| 198.6] 776 .73
O o aieimee a . .. 168.1 11{ 146.2| 776 1.15
100, o i aee T2 11 3.8| 776 | 1.87
W 5.6 11} 78.0| 776 . 66
1200 cii i iimeniiie o | 328 1] 1.7} 776| 3.08
13 i e e . T 2506 11| 480 776 . 53
| E T e e 34.6 11| 36.5| 776 . 95

R

improvements the present finding regarding variance due to examiners
may disappear. This does not mean that poor examiners should be
kept on the job, but it seems economical of personnel to cleah up an
instrument as well as to take carrective measures with examiners.

(3) Variance attributable Lo the order of preseniation of the test.
It is hoped that through systematic rotation of the order of presenta-
tion of the tests, certain variables, such as fatigue, have been equated,
In this sense, it is interesting to find what effect is obtained -on each
test in terms of ats relative position in the order of tests administered.
For this purpose the Practice Test (1) is dropped since it always
occurred first in any session. The hypothesis to be tested is that no
variation in performance on any tests is noted as a function of the
position of the test in the order of presentalion except that variation
which might be expeeted from chance sampling.  Table XXIV gives
the results of this analysis,
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. As can Be seen from table XXIV no-computed-value of F is as great
as the 1.76 value which the table of F lisis as expected by chance in
5.0 percent of all random samples. The nulk hypothesis-cannot, there-
fore, be rejected with enough confidence Zor any test. Apparenﬂy.,
no extra-charice variations arvise due to the serial position of any test
in the battery. This result tends to counfirm the suspicion that test
rotation would eliminate shy variance in score dne to pusition oi the
tests in serial order. However, the hypothesis i1s not demonstrated
as absolutely “true.” Such is not possibie, as poinied out previously,
and the hypothesis should be tested periodically in any multiple test-
ing program until one can be certain that the order of presentation
is not a source of error.

TasLe NXIV.—~Relween-groups (order of lest presentation) and within-group
variance, the degrees of freedom jor each rariance, and the computed values of F
Jar cach of the wall chart visual acuity tests

- R S T
I T | 1 ’
B S e e A e TELTE -
R boTL4 120 95,01 771 0.75
B e ——————— i 64.2: 12 99.0 A DR i
E b5 Tl 12 1.2 771 1. 36
B e e e e e 166. 3 12 260.9 771 .64
s S, {260 12 L0 77 . 61
e e e e ;o 36.5 12 31.0 771 1. 07
S e 139.2 120 198.2 7710 .70
o e S S S S 136.2 12, 145.3° 771 . 94
10 o e 2T 12, 3.9 TFii- .60
s S 72.5 12 7.0 77 . 04
12 e e boes 12l Lo . 59
. Io20.4, 121 477 771 .63
S io23.00 120 360 771, .Od
- é ' i
LO:nitted.

(4) Variance attributable to the hour of day in which the test
session was held. Diurnal (within the day) variations have long been
suspected to have a lot to do with a variety of performances. If one
eats a Leavy meal at noon, it is felt that his subsequent afternoon
activities will be slowed down. “T’he same point is considered worthy
of analysis in the present study, Perhaps certain vision tests invoke
systematically better performance at certain honrs of the day than
at others. In analyzing the data the hypothesis is that no variation
in performance can be attributed to the various hours of the day in
which the testing occurred except that expected as a vesult of random
sampling.  The results of the analysis are givén in table XXV

In Table XXV, for only one test, Practice (1), can the hypothesis
e rejected. Entering a table of F ut the degrees of freedom involved,

132

B3

—— B e ]
B e o

it is-discovered that an F as high as 1.89 will be found by-chance in
only 5.0 percent of all raridom samples. "The computed F of 1.95 for
the practice test exceeds this valne, therefore the null hypothesis can
e rejected.. ’ -

Why should the ,pmcticé test appear to be influenced by the time:

of day in which it is administered? One sugjestion is that since this
test was not rotated as to position i the test Listtery, the effect of
the time of day operated in nnequal fushion on tests given first at any
purticular time. This is, ndmittedly, ex post facto reasoning, but it
makes some sense. 1f after lunch, for example, it takes a few miniites
to warm-up to testing whereas at other times the diurnal variation
has little effect, then any test which is not votated should receive the

PasLE NXV.- Between-groups (hour of testing) and within-group variance, the
degrees of freedom for each variance, and the camputed values of F for each of the
14 wall chart visual acuity fests ’

N | dor | M | ser | v
ceen b 878 9, 451 780 1.95
QL | 83.6 91 952 780 .88
... o S.. .., 108.8 9| 981 780 L 11
4. e eel 2.6 9 4.2 780 . 60
5. ... | 401.8 9| 257.9 780 1. 56
6. . - ...} 333 9] 289 780 115
T . 45. 2 9 33.8 780 1.34
. . 279. 2 9 196.9 780 1. 42
9. e 151. 8 9| 145.7| 780 L 04
0.... e 3.3 9 3.9 780 .86
1. el T9.9 9| 774 780 1. 03
12, .. . RS B U A { 9! 10.9| 780 1. 35
13. . . e 74.1 9| 47.3 780 1. 56
M. L At eeeeie 51.4 9| 36.0 780 | 1.43

full effect of this temporal variable. On the other hand, tests that
are rofated as to temporal appearance in any séssion should be un-
aflected by the vime of day. Examination of the means for different
hours of testing for this practice test does not confirm the luncheon
hypothesis. The highest mean score (24.9) on the practice test is
achieved in the first afternoon session. The Jowest means are found
for the nest to last sessions of both morning and afternoon testing.
No rationale is offered for this rather unimportant practice test
activity.  Instead, it should be emphasized that, in general, the null
hypothesis regarding dinrnal variations cannot be rejected in all the
cther tests.  Although time of day appears to be insufficiently im-
portant in the. present study, this is no indication that it may not
hecome significant as a function of certain laxities in testing methods.

h. Correrariox or AGCT axo Lerrer Trsr Scores.  In part 2 of the
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results, o dleuSSIOll of factor IIT (form (letter) pevception) con-

- templatea ithe possibility that a verbal factor measured by AGCTmay
be related to something measured by the letter tests in the visual
acuity test battery. Vnhn'alh, the correlations of these tests ave of

- interest. They are preseuted for both a test and retest sample, of
205 cases each, in table XXV]I.

Table XX VI reveals that practically zero correlation exists between
either test or retest scores on the letter tests and AGCT score. As
mentioned in connection with the discussion of the form (letter)
factor, AGCT may not measure ability related to that required by

| the present letter acnity tests. In the letter tests, Jetter facility may
be an important factor, where as in AGCT whole word facility is more
likely to be measured. .Another possible explanation of the lack of re-
lat 'onc.l"p demonstrated in table XXV is the small amount of vavi-
ance that can he attributed to the form (letter) factor in analysis of
any of the letter tests. Since score on these vision charts varies so

o
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TasLe XXVI—TInlercorrelalions of AGCT wlandard scores with lest and relest tolal
score (number right to 8 conseculive misses) on the 4 leller tesls of the wall charl
tests sludied at Fort Dix, N. J.

— et 2 it = S 5 8 e oo

; Teot with Retest with
Tests | COAGCT . AueT

e i e w0 me e s o o = oo . - 5 o oo -

Test 2. Army Snellen. c oo o oe oo e e e s i L l 0. 000
Test 5. New London Letier. o ooooooneaeeooee. . . 022 . 026
Test: 8, AAF Lebteroo e e v e —~. 013 —. 006
Test 11. AATF Const Decrem . oo .. oo eccee . 009 —, 005

little on the basis of the factor, only slight corvelation with AGCT is
expected.

¢. Exasunee OQemNioxs Asvor rup Tesrs.  Of somewhat legs in-
terest than other results, but, nevertheless, of some importance in
planning for the future, are Lhe opinions of examinees about the tests.

, To serve as a cue as to which of two similar tests is preferred by ex-
aminees the responses to the pertinent questions are presented in
table XXVII.

From tuble XXVII the contrast tests (4 and 10) seem to be liked
least and disliked most. On the osher hand. tests 2 and (4 are the
most liked tests and, at the same time, only slightly disliked. From
the size of the “vote” there can be little doubt that these preferences
exist. On other tests the group tested does net seera to hold the sawe
overwhelmimg opinions. However, it can be seen t]mt tests 1, 5, 8, 9,
and 11 are more liked than dlth\ed while tests 3, G, 7, 12, and 13 are
mort dislilzed.

In general, it can be said that the letter tests ave hm d. while non-
letter tests of abont the same difienlty are disliked. The most dis-
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TanLy XXVIE —Opinions of examinees as expressed in answer lo.questions: Which:
test did yowlike most? Which test did you like least?

Tests Like most | Percent | Like least | Percent

o ' . :
1o PractiCOu oo e 50 6.5 | 1 0.1
2. Army Snellen_ ..o oo 175 22. 6 7 .9
3. Dot Var Sizen o cccc e meeeee 15 1.9 33 4.2
4. Quadrant Var Contrast_ _________._._ 4 .5 155 19.6
5. New London Letter_ .. ________.. .. 39 - 50| 18. 1 2.3
6. Triangle Diserim_________.______._. 9 12 31 3.9
7. B and L Checkerboard. ..o _.__._. 68 88 123 15.6
8. AAF Letiore o o oo 42 54 4 .5
9. Line Resolution. oo _._. 94 12. 1 4. .5
10. Dot Var Conbrast_ oo oneeooan 3 .4 288 ‘36. 5
11. AAT Contant Diserime oo o._. 49 6.3 5 .6
12. Square Diserimi_ oo 11 14 67 85
13. Checkerboard Var Grid. oo .oo 22 2.8 35 44
14. Vernier Acuiby e oo 193 24. 9 19 2.4
774 100. 0 790 100. 0

liked tests are those which by exammer remarks and actions are most
difficult. Theso are the two contrast tests (4 and 10). Conversely, the
fairly easy Vernier test (14) is well liked by the examinees along with
the Snellen test (2). There is some question of how well the tests will
be liked aftev suituble vevisions make them better testing instru-
ments. If dificulty is the key to preference, increasing test difficulty
may reduce examinee preference for such tests. Yet, there is no reason
to doubt that, aside from difficulty, some test objects are more appealing

than others. In any choice of instruments for use, the preference of
axvaminess may hecome the r]nm.hncr factor after all other objec!;i—ve
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criteria have been applied in the selectlon process.
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Section Vi. SUMMARY AND CONCLUSIONS
1. Data

Two sets of data are analyzed to give the results presented in the
report. The two sets are:

a. Data collected from the administration of 14 experimental wall
chiart tests of visual acuity to 792 enlisted men at Fort Dix, N. J. This
data was collected by technicians of the Personnel Research Section,
Personnel Research and Procedures Branch, The Adj utant General’s
Office. The tests, test booths, and procedures employed ave described
in sections IT, ITT, and IV of this report.

b. Data collected from the administration of vision tests in three
commercial devices (Bausch and Lomb Orthorater, American Optical
Sightscreener, and Keystone Telebinocular), wall chart acuity tests,
and Maddox Rod phoria tests to 128 subjecis.  This data was collecied
by United States Navy personnel at Medical Research Department,
United States Submarine Base, New London, Conn. ‘The devices,
tests, and procedures employed arve described in previous Navy publi-
cations.

2. Treatments of the Data

The main object of the study is to determine the aspecis or factors
present in the vision tests employed. From the study of the 14 wall
chart tests, results ave presented showing the factors in visunl acuity
(far) tests. From the study of three commercinl devices and other
tests, the factors in far and near acuity, depth, and phoria tests arve
presented. In addition, for thé 14 wall chart tests, results are pre-
sented showing the test-vetest reliability by 7 methods of scoring, the
frequency distributions of test scores, analysis of item difliculty,
analysis of testing conditions, correlation of letter tests with AGCT,
and examinee opinions. All these studies are for the purpose of im-
proving the wall chart tests as measuring instrpments based upuii
determinations of how they operate in their present form.

3. Findings and Conclusions From Factor Studies
a. Axavysis oF Tig Fort Dix Dara (Facrons 1xv Visuan Acviry

Tesr [Fax]). Tour factors are identified which account for test score
variance in the 14 wall chart (far) acuity tests (see sec. V, par. 2,
table X). They are:

Retinal Resolution.

Brightness Discrimination.

Form (Letter) Perception.

Simple Form Perception.

T e e DT T S po ARG s
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Factor 1, Retindl Resolution, accounts for most of the test score
variance on all of the'tests: ‘It is measured quite piively by the Bausch
and Lomb Checkerboard and the Checkerboard Variable Grid 'Lest (7
and 13): Letter Lests (5, §, 2, and 11), Dot Variable Size-Test {3),
and Line Resolution Test (9) mensure this factor to about the same
extent as do the checkerboard fests. About 80 percent of test score
variances on all of these tests is accounted for by factor I,

Factov I, Brighiness Discrimination, is measured best by the Quiad-
vant (4), and Dot (10) Variable Contrast Tests, but-other tests, such
as Line Resolution (9) and: Vernier Acuity (14), liave sigificant
loadings for this factor. The amount of test score variance accounted
for by this factor is never as high as that accounted for by factor I.
On the two conbiast tests factor IT acccunts for about 16 percent of
score variance while factor I accounts for about 35 to 43 percent of the
variance,

Factov LY, Form (Letter) Perception, accounts for as much as 10
percent of test score variance on Letter Tests (5, 8,2,11). It also ap-
pears, thongh less consistently on the Square Discrimination Test (12),
but does not have significant loadings on any other test.

Factor IV, Line Form Perception, accounts significantly, but to a
small extent (about 10 percent) for test score variance on the Triangle
(6) and Square (12) Discrimination Tests. It does not have signifi-
cant factor loadings on any other test.

From these and other findings it is concluded that—

(1) Retmal Resoiution (I). the general factor, is the basic concept
underlying visual acuity nmieasurement at 20 feet, with the present
set of tests.

(2) Only the Bansch and Lomb Checkerboard and Checkerboard
Varviable Grid Tests purely measure Retinal Resolution. For all of
the other tests, lesser loadings, ave found on either Brightness Dis-
crimination (XII), Form (Eetter) Perception (III), or Simple Form
Perception (IV) factors.

(3) Letter tests, Dot Vuriable Size and Line. Resolution tests.
measure Retinal Resolution as well as do the checkerboard tests if
the relatively smali impurities introduced by other factors create no
objections to the use of these tests for given purposes.

(4) Pests which measure Brightness Discrimination (II), Form
(Letter) Perception (1IT), and Shmple Forin Perception (IV), do so
inndequately in their present form since Rational Resolution (I)
accounts for so much more of test score variance.

(3) Of the fuctors other than Retinal Resolution -only Brightness
Discrimination seems capable of measurement in pure form. To ac-
complish factorial purity of such tests, spafial (resolution) references
m the form of the response to items should be eliminated.

(6) Chances of discovery of other factors in the wall chart type of
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acuity test, other than those specific to different perceptual tests, are
slight since the present factors leave little test score variance unac-
counted for-excopt that due to srror i measurement.

b. Axanysis or SusMariNe Base Dara. Nine factors have been
finally or tentatively identified by the analysis.of tests employed in the
thres commercial devices, wall charts, and Maddox Rod phoria tests
(seesec. V, par.3). They are:

Retinal Resolution.

Form (Letter) Pevception.

Resistance to Interference.

Depth. Perception.

Lateral Phoria.

Near Lateral Phoria (Convergence Efticiency).
Vertical Phoria.

Antifusion Factor.

(1) Factors in acuity tests. TFactor A, Retinal Resolution, has
significant loadings on all acuity tests (1-26) and on all depth tests
(27-36) as well. The loadings are highest for the far tests (1-13)
and slightly Jower for the depth tests (27-36) than for the near tests
(1426). This factor is undoubtedly the basic measure of visnal
acuity, and is accordingly nanved Retinal Rexolwetion. )

Factor B, dccommadation, has significant loadings on a1l near tests
(14-26 of table XIV) and on near depth tests (35-36 of the table) as
well.  With few exceptions, loadings of the factor on other tests are
insignificant.

Factor C, Form (Letter) Perception, has significant Joadings on all
wall charts which are also letter charts (1-5 and 1416, table XIV),
Significant or near significant loadings appear on machine Jetter charts

- (1018, 21-22, and 25-26), and Telebinocular near (cireles) test (23—
24). Nearly significant negative loadings appear on Telehinocular far
depth tests (29-30). All require form naming. On other tests load-
ings are insignificant.

Factor D, Resistance to [nlerference, has its highest londings on
the Orthorater Acuity Tests (6-9 and 17-20, table XIV) with occa-
sional nearly significant loadings on Sightscreenier and Telebinocular
tests. One or more elements known to interfere with visual percep-
tion can be found in connection with the test charts emn ployed, hence,
the tentative name given to: this factor.

(2) Factors in depth tests. Factor B, Depéh Pereeption, has load-
ings on all depth tests and only on depth tests. Theloadings vary from
moderate to barely significant and are in many cases no higher than

the loadings for Factor A, Retinal Resolution, on the same tests,

(No?x-:.—-A Sightsereener Depth Specifie factor Is 1dentificd as Factor I* in Lhe
analysis.)

(8) Fastors in phoria tests. Factor T, Laterad Phoria (identified
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as factor A in theanalyses, seetable XVII), hasloadings on all lateral

tests, far (17-27 in the fable) and near (28-38), and loadings are
significant only for these tests. (enerally, much higher loadings are
obtained for the far tests. The Maddox Rod measures this factor
more poorly (36.0 percent) than does the poorest machine test (504
percent). : _

TFactor G, Near Lateral Phorig (Convergence Efficiency) (identified
as B in the analysis), has loudings on only the near lateral phoria
lests. "Lests with control of fusion (32-33 and 38) show loadings
ahnost identical to those for tests having no such control (28-3% and
36-37).

Factor X, Hyperphoria (Vertical Phoria) (identified as C in the
analysis), has loadings on all the vertical phoria tests, far (1-9) or
near (10-16):

TFactor I, Jntifusion (identified as D in the analysis), has loadings
on all Maddox Rod measurements (9, 16, 27, 38), on the excursion
measnremen(s on the Orthorater (21-22 and 32-33) and on the Sight-
screener vertical phoria tests near (14-15) and far (5-6). An attempt
to prevent the action of the fusion center is common to all these tests.

Nore~—A Vertical-Rest faclor is ldentified as factor B in the analysis with

fonding only on the originai far verticnl pl_loriu tests. ) )
An Orthorater (Near Vertieal) Specific factor is identified as Factor F in

the analy sis, .
An Orthorater (Far Lateral) Specifie factor is identified as Pactor G in the

analysls, ] ]
Qthier deviees are seen {o possess similar specifie faciors by the many large

restdnals remaining in tables XV and XVI.

(1) Relationship of factors (see table XIX). Retinal Resolution,
Accommodation, Form (Letter) Perception, Resistance to Inter-
ference, and Depth Perception factors all have zero or Near zero
loadings ou the phoria tests.  Similarly, the Near Lateral (Insufiicient
Convergence) and Excursion { Antifusion) factors have zers loadings
on all acuity and depth tests, X p

The lateral phoria factor has consistent negative, although not
quite significant londings on the three near vision tests (4-6). These
loadings indicate a positive relationship between extreme exoplioria
and difticulty on near acuity tests. -

The three depth perception tests (7-9 in table XIX). all have nega-
tive although not quite significant loadings on the general Vertical
Phovia Factor {C in the analysis).

{5) From these and other findings it is conclnded that—

(«) RetinalResolution (A) isthe basic concept underlying measure-
ment of visual acuity.

(b) Near acuity and depth tests are greatly influenced by the re-
solving power of the retina.  Near acuity and depth test scoves should
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* -either be corrected on the basis of far test scores or should be de-

termined only after proper lenses to bring far vision to normal have
been supplied to all subjects.

(¢) The Accommodation Factor (B) plays a greater role in near
acuity tests of the dominant eye (usually right eye). )

(@), Loadings of the Accommodation Factor on certain far acuity
tests.appear as errors introduced by correctable defects in the specific
instruments or tests.

(¢) The Form (Letter) Perception Factor (C), plays a lesser role
in the tests and may enter test scores as an unnecessnry complication,

(f) Resistance to Interference, Factor (D), is u source of test score
pollution related to defects in the design of certain test cha rts, which
mterfere with visual perception.

(9) Since all presently available acuity and depth vision tests, wall
chart or machine, have large parts of their varinnce determined by
nonpertinent factors much remains to be done to malke them really
satisfactory. )

(2) Any validity studies based upon a single type of visual test
can only with great danger be used to predict action based upon some
other method supposedly measuring the same function.

(2) Lateral Phoria, Factor (F), appears to be a general meisure of
Lateral Phoria, far and near, with machine tests measuring it better
titan the Maddox Rod test. .

(7) Near Lateral Phoria, Factor (G), appears to deal with con-
vergence efficiency at the normal reading distance rather than with
errors of refraction or control of fusion.

(%) Interpupillary distance is unrelated to phoria scores as mens-
ured by the present study.

i (2) As in the case ({f acuity and depth tests, so for phorias, it is
dangerous to assume interchangeability of either interpretation of
scores or validities from one machine or method to another.

(m) There is a general lack of relationship between acuity and
depth factors and phoria factors.

(n) In general it is concluded that all nine factors are relatively
1:1‘xrlependent and that any thorough study of the role of visual factors
in military or other occupational success must be aware of the possible
importance of any one or any combination of themn.

4. Reliability of the 14 Wall Chart Tests (see Sec. V,par. 1)

. Of the seven methods of scoring attempted in this
little to choose between method C, number
misses and method G, numbey right {o three

study there is
right to two consecutive
conseentive misses,  Both

-t
w

“These are tests 1, 2, 3, 4 7, 8
1

are highly intercorvelated. If anything, method G gives the highest
test-retest intercorrelations.. They are:

Tast . R’s Test R's

1, Practicec ... ... ... .._....] 0.8 §. AAF Letter_ _._..______ . 89
2. Army Snellen. . .. .. . .| .88 9. Line Resolution__.____ weu] .85
3. Dot Variable Size.......... .85 || 10. Dot Variable Confrast_,_._] .43
4. Quadrant Variable Contrast. .57 {| 11. AATF Constant Decrement.| .87
5. New London Letter._...... . 88 || 12. Square Discrimination.___| .44
6. Triangle Discriminaiion. .. .69 |; 13. Checkerboard Viariable
7. Bausch and Lomb Checker- Grida. oo .81

board_. ___._.. ... s .79 || 14. Vernier Acuity___._____:-_ . 80

When the Speaviian-Brown prophecy formula is applied to tests
4, 6, 10, and 12 of this list, doubling test length raises the respective
correlations to 0.7, 0.84, 0.66, and 0.61.

From these and other findings it is concluded that—

a. Most of the present tests have satisfactory reliability, exceptions
being Quadrant Variable Contrast, Triangle Discrimination, Dot
Viartable Contrast, and Square Diserimination.

b, Doubling the present length of the Triangle Discrimination Test
will most likely raise its reliability to a satisfactory level. Other
presently unreliable tests must be improved in other additional ways
to hecome more reliable.

5. Frequency Distributions of Test Scores on the 14 Wall Chart
Tests (see Sec. V, par. 4, and fig. 17-30)

a. Skewxiss. Most of the tests are severely negatively skewed.
. 9, 11, and 14, showing that they are
either {oo easy in their present forms or are prone to-methodologieal
influences leading to negative skewness, Tests 6, 10, and 12 ave posi-
tively skewed. Test § is irregular, but shows some negative skewness.

h. Mizor Mobes. Several.of the tests are too diflicult foi: the poorer
eves tested. They all show minor modes at zero or near zero score
and are tests 3. 4, 5, 6,7, 8 10, 11, 12 and 13. Tests with pile up of
near perfect scores inclnde tests 6 and 9.

e, From these aiid other findings it is concluded that none of the
present {ests show all the requirements of adequate mmeasuring instru-
ments and all should be revised to improve their range and discrimi-
nation of ability in accordance with the use to be made of them.

5. Item Difficulty in the 14 Wall Chart Tests (see Sec. V, par. 4,
and fig. 31-44)

Item difliculty analyses confirm the inadequacies of the present tests

as measuring instruments.  The relation of number of successes made

by high, 'ni;ldl(', and low ability (total score) groups on each of the
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 test.itemns:of the tests indicates specific: deficiencies on all tests. From

the point of view of discrimination of ability, separation of the high,
middle, and Tow groups is fairly good. The main deficiencies are
discrimination over too narrow ranges of items and incomplete ineas-
urement of the high or low groups. Specific suggestions are made for
the improvement of all tests on the basis of these analyses. (See sec.
V, par. 4.)

Inspection of the action of individual itemns shows that greater
variability in the dificulty of items of like size occurs in Jetter charts
than in nonletter charts. Letters of the Army Snellen and the New
London Letter tests ave particulariy variable in this respect with the
AAT Letter test items being considerably less variable.

There are somne indieations that the method of test administeation
as well as the mode of presentation of items may bear considerably
on the action of individual itemns. From these and other findings
it 1s concluded that—

a. All tests need revision on the basis of plesenl suggestions from
ihe item analyses and future studies.

b. Lines of items of equal diflicalty should be completely nt[mnpto\l

rather than stopping tests in the middle of any line.

¢. Studies should be made of the mode of presentation of items with
special respect to the effecis of using two charts, line-to-line or item-
to-item decrements, and serial order of presentation of the itens.

Analysis of Variance Among Test Conditions for Administra-
tion of the 14 Wall Chart Tests (see Sec. V, par. 5, tables
XXI-XXV)

An analysis of the variance due to differences in test hooths shows
that in only the Quadrant Variable Contrast are booth differences sig-
nificantly higher than what is expected by random sampling (5 percent
level).

An analysis of the variance due to differences in examiners employed
in the study shows that in only the Quadrant Variable Contrast, Dot
Variable Contrast, and Square Discrimination tests are examiner
differences significantly higher than what is expected by chance (5
percent level).

An analysis of the variance accounted for by the order in which
tests were presented indicates that on 1o tests did this yariable ac-
count for differences significantly greater than that expected by ran-
dom sampling (5 perceut ]eve])

An analysis of the variance due to diurnal variations in testing
time shows that in only the Fractice Pest are differences found Lhat.
are other than what would he expected by chance (5 percent l'ev(ﬂ,) :
Trom these findings it is concluded that—

a. On most of the tests variables in testing procedure vesulted in
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no significant variations other than those expected by chance; 1o es
controls were adequate:

b. Scattered significant influences of variables in the testing pro-
cedure (on Quadrant Contr nst Dot Contrast and ‘Square Dlacnmma-
tion Tests) indicate the need for continuous study of testing conditions.

8. Relaﬁonship Between Letter Test Scores and AGCT (see Sec:
V, par. 5)

Letter tests scores, both test and retest, from the data collected at
Fort Dix, N. J., show close to zevo correlation with AGCT standard
scores for the same individuals. From this finding it is concluded
that the Form (Letter) Perception factor found in all letter tests is
not related to factors kmown to account for test score variance in

AGCT.

9. Preferences of Examineces Among the 14 Wall Chart Tests
(see Sec. V, par. 5)

Trom tabulations of opinions as to which tests, of the 14 wall chart_
types employed at Fort Dix, examinees liked most and least, the
Army Snelien and the Vernier Acuity tests stand out as most prefer-
able; the Quadrant Variable Contrast and the Dot Variable Contrast
stand out as lcust preferable. In the light of future revisions which
are definitely called for on the basis of other findings of this study,
preferences of examinees on the present tests lead to no-conclusions.




The attached table is provided for converting AGO units to visual
B L angles in minutes. It also gives.computations.of the physical equiva-
P lents of the visual angles in Snellen units, Grow (Navy) units, and
subtenses in inches at the 20 feet observation distance.

the formula:

. Logy, 4= (0.30103) (10-77)
| L= Antilog,., (0.30103) (10— )

N{ . , ) Visual. acuity eonversion table - -
- Appendix A Log, 2® ‘
cn DETAILED SPECIFICATIONS FOR THE CONSTRUCTION OF et o ————
TEST CHARTS AQO seore V(Ilsx:xl!r‘nlxﬁlclg)m Suellen unit ‘Grow unit Inches at 20 feet
- Theory of construction. As briefly described in section ITI of this
* report, .th(.a test charts for the study were construected according to 7 15. 50 0. 022 20/0. 4 909. 1/20 0. 00155
two principles of scaling item chnracteristics: Snellen type units . 026 20/0. 5 769.2/20 | .00183
) bea.rmg relationship to a theoretical concept of normal neuity, reso- 1. 00 - 081 20/0. 6 645. 2/20 - 00218
lution of two points separated by a space subtending one minute of < - 087 20/0.7 540. 5/20 - 00260 -
visual angle: and units bear‘nt: N ](;“‘!ll'it]m]i(' relziﬁ v § : 14. 50 . 0*3& 20/0. 9 454. .:)/2(3 . 00310
. = g« = tonship to the . 052 20/1. 0 384. 6/20 . 00366
visual angle. 14. 00 . 062 20/1. 2 322. 620 . 00436
-The preconceived opinions of normal visual acuity generally held - 074 20/1. 5 270. 3/20 © . 00520
with respect to the Snellen units in the measurement of visual :lClliiY | 1850 - 088 20/1. 8 227. §/,,2,0 ' 0061?
has mad.e it appear expedient for the Personnel Resenrch S‘ectiox;, ; 13. 00 ig? gggé igg 8}58 .ggggg
The Adjutant General’s Office, to abandon the use of these units in ' 143 20/3. 0 134. 2/20 . 01039
fa)’OI‘ of an arbitravy system completely divorced from any precon- 12,50 177 20/3. 5 113. 0/20 . 01235
cel\jecl concepts of normal acuity. It was decided that the‘ physical | 210 20/4. 2 95. 2/20 . 01466
basis of unit to be used would be the visunl angle, and that ithe AGO- 12.00 -+ 250 20/5. 0 80. 0/20 - 01746
. visual senity umit wonld hasy 5 Lo TR P e . T . 297 20/5. 9 67. 3/20 . 02078
CHILY uni would bear & iogarithmic relationship to its physi- 11. 50 354 20/7. 1 56. 5/20 . 02470
ca! counterpart, the visnal angle (the usual psychophysical relation- . 421 20/8. 4 47. 5/20 . 02933
§h\p). Starting from the assumption that perceivuble increments ' 1. 00 - 500 20/10. 0 40. 0/20 -+ 03492 '
m visual discrimination bear a constant relationship to the point of : 10. 75 280 20/11.9 33. 6/20 - 94156 i
change and arbitrarily setting this constant at 2, the formula for the 0 50 - 708 20/14. 2 28.2/2 - 04940 ’
R derivation &f AGO visual acuity units was set at - 10. 25 . 842 20/16. 8 23. 8/20 . 0:)86.6
Y units was set at: 10. 00 1. 000 20/20. 0 20. 0/20 - 06984
. = 189 i23. 8 16. 8/20 . 08311
U= (10—Log. A=ng%l— g: ZS i ﬁs gg/gg 3 12. 1420 . 09880
. S r 1. 6as 20733. . 9/2 .
: In which U is equal to the AGQ visual acuity unit and A is equal g (233 2. 000 28;38-3 - ig’ 3528 -iéggg .
o to the visual angle. This unit has the property of being positive 8.75 2.378 20/47. 6 8 420 lona
o throughout the norinal range of vision and vyet describe: in s‘mnll 8. 50 2. 828 20/56. 6 7. 1/20 . 19760
f enough units to be easily handled. Visual angfes may readiiy be con- . o e gggg‘ g ? 3;38 ' ggggg
) \’e}'te(], to AGO visual units with the use of 4 5—1)1:;(59 table of log- ?gg ; 2(5)2 20]95: 1 ; 2/20 . 33244
: . arithms to the base 10. The f()u()“'ing fonnu];l, may he used for this 7‘ 50 5 857 20/113. 1 3. 5120 ; 39520
4 purpose: : 7. 25 6. 727 20/134. 5 3. 0/20 . 46932
3 U=10— L0810 4 7. 00 8000 - | 20/160.0 2. 5/20 . 55872
é =10- 536105 6. 75 9. 514 20/190. 3 2.1/20 - 66488
i Similarly AGO visual unit , 6. 50 11. 131 20/222. 6 1. 8/20 . 79040
§ A\ visual units may be converted to visual angles by —!
%
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" Mesr 1.—Practice Test.

Tlé figures are squares with sides nclined at 45° to the hovizontil. "Fhe width
of the side lines is one-fifth the length of a side. Gne corner of each square has
& square break equal in width to the width of n side line. The location of the
brenk varies from figure to fighre i chance order. The fol lowing talile shows
thq ‘number of figures,. the width of the firures, and the width of the stroke i
eacicigure; for-eaditow. Pimensions ave. glven in Inches.

Row Group AGO it vs&}mg i Sugtgfg of Snulle'u ml!i Number of
(minutes) (Inches) cqulvalent Items
1 1 6. 67 10. 000 0. 700 20/200. 0 2
2 2 7. 24 6, 762 L 472 20/135. 2 3
3 3 7. 81 4. 536 . 318 20/91. 1 4
4 4 8. 38 3. 0SL . 215 20/61. 6 4
5 5 895 | 2076 | .45 | ooMmis | 4
t 6 9. 51 L404 © 008 | 20/28.0 4
6 | 7 10. 08 -945 1 .066 @ 201189 4
s 10. 66 L6311 044 ' 200126 ' 4
9 | 1.2 | 430 ' .03 ;, 2086 | 4

Test 2.—.Army Snellen

The sizes of all letiers decrease from the tup row down, and the number of
letters per row increases as the size .decreases.  The width of the sfroke deeregses
2 . L . . )
with the size. Tu Snellen steps, the lotters in succceding rows frony top to bottom

are:
| now | scown | mmseor | Sobiomedt | soctenant | Numie
| R AGOumi | e en | st eyseely | Shelien unt | N e ol
1 6. 68 10. 000 0.700 | 202000 | 1
2 7. 68 5. 000 .19 2001000 | 2 |
3 8. 19 3. 500 241207000 | 3|
4 8. 68 2500 .17 ' 20/50.0 | 4 .
5 9. 00 2.000 | . 148 20/40.0 | 5 |
6 9. 42 1. 500 (105 ) 20800 | g
7 10. 00 1. 000 070 | 200200 | 7 f
8 10. 29 . 750 082 | 20050 | s |
9 11. 00 . 500 .035 1 20/10.0 9 |
R |
146
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Tesr 3.—Dot Variable:aize

s B

A dot of constant blackness is lvcated in-one of Tour corncrs-of-a-constani-sizod
white diamond on a field of uniform gray, Tn cach row, there-are four diamonds
containing dots of cqual diaméter. The diameter of the dots decreases from- the

top row down. "There are two charts, chart B being & continuation of chart A.

‘The dots aré located in thic coriers of the diamonds in ehance order.
The following table gives the diaineters of the dots in inches for each xoiv:

% Row AGO unit ‘ﬂ%ﬁfé’ﬁé‘g’c‘i’ Doj digmeter | Shellom unit | Number of

j

l (Chari A)

] 1 9. 25 1. 685 0. 117 20/33. 7 4

, 2 9. 50 1. 416 . 099 20/28. 3 4
3 L 975 1. 198 . 083 20/23. 8 4
{ . 10.00 1. 000 . 070 20,20. 0 4
5 ©10.25 . 842 . 059 20/16. & 4
8 | 10.50 | 708 . 049 20/14. 2 4

(Chart B) | ~

1 . 10,75 [ 505 42 20/11. 9 4
o 1L.00 | .500 , 035 20/10. 0 4
3 11.25 1 . 421 . 029 20/8. 4 4
4 1.50 | .33L | .025 20/7. 1 4
5 .75 ¢ .207 | .021 20/5. 9 4
5 12. 00 .250 | .017 20/5. 0 4

) i

TEst 4.—CQuadrant Variable Conirast

Each figure consists of 3 quadrants of a constant-sized square similar in shape
lo an arrowhead. The shade of the figure varies from darker thar the background
to a shade which almost matclies the background. Contrast between figure and
background decreases from left to right within a row and from the top row down,
The apex of each figure points in any one of four directions horizontally or verti-
eally in a chance order. b

Refleetance values for the figures and the background and the contrast values
for each item are as follows: '

I{ems: Chevrons Reflecinnee: R Reflectance® differ- | Contrast (Ryg—R.o) Row

(co's) (percent) 50 ence (Rep=—Rer) Ry .
o - 63, 4 9.8 0. 134 1
2 . 65. 3 7.9 . 108 1
| 3 67. 1 6. 1 . 083 1
S U 68, 7 4.5 . 061 2
[ T 69. 9 3.3 . 045 2
i 6. .. .. 70. S 2.1 . 033 2
S 71, 4 1.8 . 025 3
5 8o 72.0 1.2 . 016 3
l O 72. 4 .8 . 011 3
, 10, .. .. 72. 8 . 005 4

|
t
r
:

*Ruflevtuncs of (he baekgronnd (byy: 73.2 pereent.
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Test §.—New London Lelter

The letters in each-row are equated for difficulty and are of equat size and ¢qual
stroke width. The size of letters and the width of stroke decreases for succeeding
rows:from top to bottom. The specifications for lettersineach row are as follows:

Row | Agount | iuluneleeh| SIS | oo | | oms

1 3. 00 2. 000 0. 140 20/40. 0 5
2 9.25 1. 685 117 20/33. 7 6
3 9. 50 1. 416 . 099 20/28. 3 7
4 9.75 1. 189 . 083 20/23. 8 8
5 10. 00 1. 000 . 070 20/20. 0 8
6 10. 25 . 842 . 059 20/16. 8 8 !
7 10. 50 . 708 . 049 20/14. 2 s
8 10. 75 . 595 . 042 20/11. 9 $
9 11. 00 .50 ] .035 . 20/10.0 S

10 L1 25 421 | L0281 2084 8

11 11. 50 . 854 i . 025 20/7. 1 ] 8

!

Tesr. 6—Triangle Discriminalion

Each figure consists of 4 parts. These are placed about & circle in 80° intc-rvs{ls,
their apexes touching the circle. Three of the parts are equilaferal triangles,
measuring 1.5 inches on a side.  The fourth part is identical with ihe athers in ail
Tespects except that the side opposite the apex is bowed convexiy, The convexly
bowed sifle is consirucied by drawing an arc of radius iri {fofi a point ai distance
(d) from the original line of the trup triangie so that this part is equal in arca o
each of the other three parts. The direction of the convexly bowed side is dis-
tributed in chance order among the figures.

The following table gives the radius (r) of the are for the eonvexiy bowed side
and the distance (@) from the edge of the true traingle o center of are in inches.
There are two figures for each row.

Row i r ! d ‘ r ! d ,‘
(Chart A) '
§ P i. 060 0. 9764 1. 403 1. 3394
2 1. 856 1. 8076 2. 456 2, 4193 ;
K S 3. 25 3. 2220 3. 614 3. 5885 |
E SR 4. 020 3. 9971 4. 470 4, 4494
L J 4. 971 4. 9521 5 529 5. 5114
(Chart B)
3 SO 6. 149 6. 1339 6. 838 6. 8233
A, 7. 604 7. 5916 8. 457 8. 4448
E J 9. 405 9. 3943 ¢ 10.458 10. 4495
G 11. 632 11. 6217 | 12,937 L 12,9281 !
Bumommmon| 14387 143800 16.000 1590023

L 5 5 5 Ml A 0 ot M NS RMSS

B S S

Tesy 7.—'—‘Ba1_48¢:haand‘- Lomb Checkerboard

This is the same test used in the Bausch anit Lomb Orthorater .incrca,sedi in
size for use at 20-feet.  Xt-consists-of a square groupieg of 4 squares,-cne of whieh -

contains a grid coarser than the other 3. The coarse-grid is a checkerboard type
made of rows of alternate black and white squares; while the grids-of the other
3 squares in the group consist.of rows-of black dots, The sqgarqwi;hvthe cOArser
grid varies in location from figure to figure in chanece order. Each-group decreases
in size from top to bottom. The individual squares comprising the checkorbeard
grid decrease in size as follows:

Visual angle of R ‘ : . [
Ko soown | Veibshe’ | SRR | Shiamt | e
t
| R PR S
ﬁ !
I (Chart A) g
H ‘ ';
' ' :
1. . 9,00 ' 2000 | 0.140 | 20/40.0 2
2 9.25 : 1.68 | .117 20/33. 7 4
3 ,9.50 | 1.416 . .099 20/28. 3 4
- C9.7s 1180 .083 | 20/23.8 4
{ i 1
' ‘z ! |
(Chart B) ‘ L | {
! . i
s ' 10.00  1.000 | .070 | 20/20.0 4
6 . C10.25 0 .842 . 039 l 20/16. 8 4
7 ' 1050 0 .T708 | 049 ; 20/14.2 4
8.. - 10.75 | .595 .04z 200119 4
g.. . . 100 | .30 o .035 1 20/10. 0 4
10 ... ©o1n2s - .421 1 . 029 20/8. 4 4
Y ... ... 1% .33 1 .02 1 20/7. 1 4

Trst 8.—sAAF Leller Test

There are 6 letiers in cach row eg nated for diffieulty and of equal size aud stroke
width. The size of letters and the width of stroke decreases for succeeding rows
from top to bottom. The gpecifications of the letters in each row are &s follows:

e
! s Snell i Number of
[ Row ; AGO unit 2 s:r?ll\lg 1(3:;513&) i st?rl:l}?cl %li‘:ghoers) é:fui‘:%lggit Yeems
1 o e e et - o e e !
1 9. 00 2. 000 0-140 20/40. 0 6
9 9.25 1. 685 . 117 20/33. 7 6
3 9. 50 1. 416 . 099 20/28. 3 6
‘ 4 9.75 1. 189 . 083 20/23. 8 6
L B 10. 08 1. 000 070 20/20. 0 6
L6 10. 25 . 842 . 059 20,16. 8 8
7 10. 50 . 708 . 049 20,14. 2 6
8 10. 75 . 595 . 042 20/11. 9 6
9 11. 00 1500 . 035 20/10. 0 6
10 11. 25 . 421 . 029 20/ 8.4 6
11 1. 50 . 354 . 025 20/ 7. 1 6

|
|
1
t
*
|




Tesy 9.—Linc Resolution

A line of constant biackness and length extends from the center and points to
1 of 4 corners of a constant-sizeG white diamond on a ficld of uniform gray. In
each Fow :there dte 4 diamonds, each containing a line of uniform width which
points to a-different corner of each diamond in chance order. There are 2 charts,
chart B being a continuation of charg A. The width of the lines-decreases from
the top row down as indicated below.

|
) o | Visualangloof} yiuo wiath | Snefienuntt | Numbe
Rov | acowi || Thegae | Swloc | Nyberof
g |
(Chart A) | (
1 10. 00 1. 000 0.0608 . 20/20.0 | 4
2 10. 50 . 708 L0404 20/14. 2 i
3 11. 00 500 | .0340 © 20'10.0 1
4 11. 50 2351 - L0247 20/7.1 {
5 12. 00 . 250 L0175 1 205.0 i
6 12,850 0 L1717 L0124 2013, 5 !
(Chart B , !
1 . 13.00 ., 0.125 . 0087 20;2. 5 1
2 | 18.50 - .0SS . 0062 2001, 8 !
i 3 . 14.00 ¢ .062 . 0014 20712 1
4 S 1E30 - L0 . 0031 200, 9 !
5 | 1500 | .03l . 0022 20.0. 6 1
& [ 1550 . 022 . 0018 2000, 1 1

Test 10.~~Dol Variable Contrast

Rows of uniformly gray diamonds of constant size are on a background of
uniform white. In one corner of each diamond a gray dot of constant size,
always darker than the gray of the diamond, is loeated. Conirast befween dot
and diamond decreases in each row from left to right and from the top row down,
The dots are located in the corner of the diamonds in chanee order.

Reflectance values for the dois and diamunds are as follows:

: . o ' T
Items: dots (d¢t) Reﬂ(,ej anee R..(lziﬂﬂocr%lr?g ) ( ;;«::111}1?5:‘) % Repwe '
{pereent) (Ry—Ras) Ry, ‘
e . 72.0 1.2 0.016 | -
S 7L 4 18 . 025 L
S 70. 8 2.4 . 033 1
. . 69.9 3.3 .045 2
B 68. 7 4.5 . 061 2
R 67. 1 6. 1 . 083 2
Y S 65. 3 7.9 .108 3
e - 63. 4 0.8 184 3
- J 61. 2 12.0 . 164 3
100 . 7. 15.4 211 !
— — ! - I_. - .- ‘

*Reflectance of the background (Vg): 73.2 percent,

150,
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step in size from left to ri

letters.are:

Test 11.—~AAG Conslant Necrement

The size of each letter and width of siroke decrease from letter to letter acrors -
each row and from top to bottom of the chart. Each letter decreases one Snellen

ght and top to bottom.

Specifications for the size of

”

Visual angle

Bubtense of

Item AGOQ unit aistroke of stroke Snellen unit
(ininutes) (inches)
(Row 1)
1 9. 00 2, 000 0; 140. 20/40-
.2 9. 04 1. 950 . 136 20/39
3 9. 07 1. 900 .133 20/38
(Row 11)
1 9. 11 1. 850 128 20/37
. 3 9.15 1. 800 . 126 20/36
f 5 9. 19 1. 750 . 122 20/35
| 7 9. 23 1. 700 . 119 20/34
: 8 9. 28 1. 650 . 115 20/33.
; ! 9,32 L 600 .112 20/32
o (Row I1h
! 10 9. 37 1. 530 . 108 20/31
| 11 0. 41 1. 500 . 105 20/30
12 9. 46 1. 430 . 101 20/25
13 9.5 1. 400 . 098 20/28
f 14 8. 57 1. 350 . 094 20/27
BT 9. 52 1. 300 . 091 20/26
! 16 9. 68 1. 250 . 087 20/25
’: i7 9. 74 1. 200 . 084 20/24
i {Row IV
{ 18 9. 80 1. 150 . 080 20/23
19 0. 86 1. 100 . 076 20/22
20 9. 93 1. 050 . 073 20/21
21 10. 00 1. 00D . 070 20/20
22 10, 07 . 950 . 066 20/19
23 10. 15 . 900 . 063 20/18
24 10. 23 . 850 . 059 20/17
25 10. 32 , 800 . 056 20/16
26 10. 41 . 750 . 052 20/15
{Row V)
27 10. 51 . 700 . 049 20/14
28 10. 62 . 650 - . 045 20/13
29 10. 74 . 600 . 042 20/12
30 10. 86 . 550 . 038 20/11
31 11. 00 . 500 . 035 20/10
32 “11. 15 . 450 . 031 20/9
33 11. 32 . 400 . 028 20/8
34 11 52 . 350 . 024 20/7
35 11 74 . 300 . 021 20/6
36 12. 00 . 250 . 018 20/5




Test 12.—Squiarc Discrimination

The areas of all figures arc equal to 1 square inch, Of the 6 figures in each row
1 is not a square. The sides of this odd figure are arcs of radius (r) drawn from a
point at distance (d) from the line of the true square so that an equal area is
maintained for all figures. The odd figure is distributed in chance order among
the center 4 figures in each row. The following table gives the radius (r) of the
arc for each odd (nondiamond) fignre and the distance (d) from edge of the original
square to center of arc in incles.

I Row r d !! Row . l r ! d

i l I
& (Chart A) H (Chart B) | !

‘ 1 0. 564 0. 4998 lz 1 | 8572 8. 5657

, 2 Lo19 . 0822 | ) i 9.37L [ 9.3655 |
! 3 1.840 18188 2 PO 245 1 10.2400
| 3.323 3.3107 | 41 11200 | 111960 |
| 5 6. 000 5.9928 5o ] 120245 | 12,2400 !
‘* 6 6.560 @ 65528 0 13387 18.3835
: 7 . 7172 | 71631 7 o 140635 | 14,0307
: § . T.841 |  7.830 | 8 16.000 : 15. 0966

=0 e m—— . = e e

Test 18.—Cheskerboard Variable (rrid

This test uses the same figure as the Bausch aud Lomb ('-lfgckcrbonrd Test,
except thad the figure size remains constant while the individual squares mehing
up the checkerboard grid of the odd square decrcase in size far esch succeeding
row. The checkerboard grid is of conlsantl size for each of the 4 figures in a row.
The location of the squarc counlaining tlic checkerboard grid is distributed in
chance order among all the figures. There are two charis, charl B being a con-
tinuation of chart A. The sizes of the individual squares making up the checker-
board decrease as follows:

Visual angle of -  Baeaitas sen | TS TP |
: Row AGOuni | gidsquare” | CHACOSLR | TERERE 1 T ewns O
e | P |
i
(Chart A) }
1 9. 00 2. 000 0. 140 20/40. 0 4
2 9. 25 1. 685 . 117 - 20/33. 7 4
3 9. 50 1 416 . 099 20/28. 3 4
4 9.75 1. 189 . 083 20/23. 8 4
5 10. GO 1.-000 . 070 20/20. ¢ 4
6 10. 25 . 842 059 20/16. 8 4 p
e
(Chart B) 4
7 10. 25 . 842 . 059 20/16. 8 4
8 10. 50 . 708 . 049 20/14. 2 4
9 10. 75 . 895 . 042 206/11. 9 +
10 11. 00 . 500 . 035 20/10. 0 4
11 11. 25 . 421 . 029 20/8. 4 4
12 . il. 50 . 354 . 025 20/7. 1 4

152

The opposite arms of the cross have a combined length of 2.8 inches.and a
A segment of 1 arm half the distance from cetiter of
the cross to end of urm is displaced in a clockwise directiou.
displacement in inches and the nmusiber of figures With the same -displacement
are given below.  The figures.are in order of diminishing amount of displacement,
the displaced segment being located in chance order.

wicth of line of 0.22 inch.

Test 14.—Vernier Acuity

Specifications are as follows:

Group

Visual angle
of displace
(minutes)

Displace-
-uent
{inches)

e

(Chart A)

Tt e O D e

(Chart B)
6

-

S

TOHEY 48 -

W w

. 583

150
891
131

. 673

0. 250
. 220
. 132
. 079
. 047

. 028
. 017
. 010

The amount of

_itesus, total per
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i CODING SHEET FOR PERSONAL DATA AND VISUAL ACUITY Appendix D
A TEST RESULTS INSTRUCTIONS FOR IND!VIDUAL TESTS USED IN THE FORT DIX;
B VISUAL ACUTTY NEW JERSEY, VISUAL ACUITY STUDY
i !‘075 i a [ A nh %
. INSTRUCTIONS TO EXAMINER Test 1
| NAME: - ast PRACTICE TEST
last first middle
: Say to Examinee
1 CAD 10 (1-6) | 7}5[0 |1} 2 (3) DOT ViR SIZE (55-3£) First, there will be a practice test to help you understand the test
2 X 1o (5-8) : 27 (¥) QuvaRcoT  {37) procedure. One chart will be used in this test.
3 ORIENTER (¢ NS (25-8) Show Hand Chart 1
L EXAMOER 0 I (3 pI3 i . . L
IR Fl ) BT e Here is a sample of the figures you will see on the chart. Notice that
L 5 ASTIGWSTISH (1) » (1) Bel Gk (1-42) one corner of each figure is missing. You are to tell me which corner
& TEST LINED MOST (12) 32 (3)  ARF LEITER (83-4%) of each figure is missing by saying: top, bottom, right, or left. The
7 TEST LIAED IZAST (13) 2 (9) 107 KES (Le-LE) missing corner gets havder to see. Keep trying. Guess if you are
papE—— e 5 (10) Tor v ) not sure. Remember, start with the top row of figures. Read from
_ - i il bl left to right. There is one chart for this test. XKeep going until I
9 TEIULARITIES  (15) , 3 {12) AP OO (5€-L9) say, “That is (‘llOllgh.”
=N 10 GLASSLS (6Ls); 3% (32} & DisC (50 Are there any questions? Get ready. Keep both eyes open.
11 iz (an ¢ (1%) CHECK VAR GRID  (52-52) Go ahead.
12 AGCT (18) 37 (%) VER: ACUTIY (53-5%)
1% SCHOOL (25 38 (1) FRACTICE (55-54) INSTRUCTIONS TO EXAMINER Test 2
‘1‘ lliasid 2 22NN (57-53) ARMY SNELLEN
3 - e
S5 15 FFEV SNELLEN  (21) Lo (3) DOT VAR SIZE 59-80
] - — :) e ) Show Hand Chart 2 and Say
16 HEALTE 22 ) QUAD VAR COIY 61 . : . .
: - SOR: ENC Here is a sample of letters you will see in this test. Call off each
1 e (23-24) b2 (5) W LOWDOR (62-63) letter as you come to it. The letters get smaller and harder to see.
o 18 BHoum (25) ¥3 (6) TRI DISC (6%) Keep tryinge, Guess 1f you are not sure. Remember, start with the
P trymg I _ : ’ :
E{; 19 TEST-RETEST (26) LY (7) B &L CHECK (€5-66) top row. Read from left to right. The’fe 1s one chart for this test.
x5 " oo 1 1 T cav. 1 {1
:z.z!i.'_: prg—— @ P —. 67-68) Keep going until T say, lr}mr, is enough.
5 A - . - ; Are there any questions?  Get ready. )
g 21 FIRST TEST (28) L& (9) LDE RESOL (69~70) Go ahead
22 RACE (23) 7 (10) DOT VAR COLT (72) ) >
Sl eo) Yo On) mcourpc (72 INSTRUCTIONS TO EXAMINER Test 3
2% (1) PRACTICE  (31-32) 49 (12) sq pIsc X , ) \ .
W = (7%) DOT VARIABLE SIZE (CHARTS A AND B)
. 25 (2) SNELLEN (33-2k) 56 (17) CHECK VAR GRID  (75-T6) . :
| — . Show Hand Chart 2 and Say
| 5r (14) VERN ACUITY (77-78) ] ] ) ) ) ]
Here is a sample of what you will see in this test. Notice the dot in
156 ene corner of each diamond.  Tell me where you see the dot in each
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diamond by saying: top, bottom, right, or left. The dot gets smaller
and harder to see. Keep trying. Guess if you are not sure. Remen-
ber, staxt with the top row. Read from left to right. There are two
charts for this test. Keep going until I say, “That is enough.”

Avre there any questions? Get ready.

Go ahead.

INSTRUCTIONS TO EXAMINER Test 4
QUADRANT VARIABLE CONTRANT
Show Hand Chart 4 and Say

Here is a sample of what youn will see in thi‘ st Bach figure s
like the head of an arrow. Tell me in which direciion ecach nvrow
is pointing by saying: top, bottom, rvight, ov lof The arrow gets
dimmer and harderv to see. XKeop trving. Guess if you ave not sure.
Remember, start with the top row. 1\9‘1(1 from left to right. There
is one chart for this test. Ieep going until I say, “That is enough.”

Avre there any questions? Get 1ead)

Go ahead.

INSTRUCTIONS TO EXAMINER Lest
NEW LONDON LETTER
Show Hand Chart 5 and Say

Here 1s a sample of letters you will see in this test. Call off each
letter as you come to it. The letters get smaller and harder to seec.
Keep trying. Guess if you are not sure. Remember, start with the
top row. Read from left to right. There is one chart fov this test.
Keep going until I say, “Thatis enough.”

Are there any questions? Get ready.

Go ahead.

INSTRUCTIONS TO EXAMINER Tost 6
TRIANGLE DISCRIMINATION (CHARTS . AND B)
Show Hand Chart 6 and Say

Here is a sumple of what yon will see in this test. Notice the 4
trianglesin each figure. One triangle hus a enrved outer side. Tell me
which trrangle has o eneved side by saying: top. bottom, right, or left.
The eurved side gets harder to see. Keep trying. Guess if you are not
suve.  Remenmber, ~start with the top row. Read from left to right,

§
i

There-are two charts fm this test. Keep going: until I say, “Fhat is:
enough.” .

‘he there any questions? Get. ready.
Go ahead. . .

INSTRUCTIONS TO EXAMINER ) Test 7
BATCSCH AND LOMB CUECKERBOARD ((’HJRTS A AND B)
Show Hand Chart 7 and Say

Here is a sample of what you will see in this test. Notice the 4
small diamonds in each fignre. One diamond is like a checkerboard.
Tell me which is the checkerboard by saying: top, bottom, right, or
leit. The checkerboard gets harder to see. Keep trying. Guess if
vou are uot snre. Remembex , start with the top row. Read from left
to vight. There are two charts for this test. Keep going until I say,
“That is enough.™

Are there any questions? Get ready.

(o ahead.

INSTRUCTIONS TO ENXAMINER Test 8
AAF LETTER TEST
Show Hand Chart 8 and Say

Here is a sample of lefters youn will see in this test. Call off each
letter 2s you come toit. ‘The leiters get smaller and harder to see. Keep
irying. Guessif you are not sure. Remember, start with the top row.
Read from left to right. There is one chart for this test. Keep going
until I say, “That is enough.™

Avre there any questions? Get ready.

Go ahead.

INSTRUCTIONS TO EXAMINER Test 9
LINE RESOLUTION (CHARTS 4 AND B)
Show Hand Chart ¢ and Say

Here s a sample of what you will see in this test. Notice the line in
one corner of each diamond. Tell me where you see the line in-each
cdiamond by saying: top, bottom, vight, or left. The line gets smaller
and hardev tosee. Keep trying. (Guessif youarenot sure. Remember,
start with the top row. Read from Ieft to right. There ave two charts
for this test. Ieep going until I say, “That is enough.”

Are there any questions?  Get ready.

(o ahead,
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. INSTRUCTIONS T6 EXAMINER Test 10
‘ DOT VARIABLE CONTRASY
Show Hand Chart 10 and Say

Here is a sample of what you will see in this test Notice the dot in
one corner of each diamond. "Tell me where you see the dot in each
diamond by saying: top, bottom, right, or left. The dot gets dimmer
and harder to see. Keep trying. Guess if you are not sure. Remem-
ber, start with the top row. Read from left to right. There is one
chart for this test. Keep going until I say, “That is enough.”

Are there any questions? Get ready.

Go ahead.
INSTRUCTIONS TO EXAMINER Test 11

AAFE CONSTANT DECREMENT

Show Hand Chart 11 and Say

Here is a sample of the letters you wil] see in this test. Call off each
letter as you come to it. The letters get smaller and harder to sce.
Keep trying. Guess if you ave not sure. Remember, start with the
top row. Read from left to right. There is one chart for this test.
Keep going until I say, “That is enough.”

Are the\e any questions? Get ready.

Go ahead.

INSTRUCTIONS TO EXAMINER Test 12
SQUARE DISCRIMINATION (CHARTS A AND B)
Show Hand Chart 12 and Say

Here is a sample of what you will see in this test. Notice the six
figures in each row. Fou the test they are called 1, 2, 3, 4, 5, and 6. In
each row, Nos. 1 and 6 are always diammonds. One of the others—2,
3., 4, or 5—is rounded. Tell me which figure is rounded, by snying:
2, 3,4, or 5. The rounded figure gets more like a diamond and harder
to see. Keep trying. Guess if you are not sure. Remember, start with
the top row. Go from row to row. There ave two charts for this test.
Keep going until I say, “That is enough.”

Are thcle any questions? Get 1e¢dy.

Go ahead.
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INSTRUCTIONS TO EXAMINER Test 13
CHECKERBOARD VAI?IABZLL’ GRID (UHARTS A AND B)
Show Hand Chart 13 and Say

Heve is o s'\upl(, of what you will see in this test. Notice the
small diamonds in each figure. One diamond is like a checkerboard.
Tell me which is the checkmrbom'd, by saying: top, bottom, right, or
left. The checkerboard gets harder to see. Keep trying. Guess if
you are not sure. Remember, start with the top row. Read from left
to right. There are two charts for this test. Keep going until I say,
“That is enough.”

Avre there any questions? Get ready.

Go ahead.

INSTRUCTIONS TO EXAMINER Test 14
TERNIER ACTUITY (CHARTS A AND B)
Show Hand Chart 14 and Say

Here ix 2 szunplo of what you will see in this test. Notice that one
arm of each eross is broken. Tell me which arm is broken, by saying:
top, bottom, right. or left. The broken arm gets harder to see. XKeep
trying. Guess 1f you ave not sure. Remember, start with the top row.
Read froem left to right. There are two charts for this test. Keep
going until I say, “That is enough.”

Are there any questions ¢ (mt ready.

Go ahead.

O | e X

161




	0002
	0003
	0004
	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014
	0015
	0016
	0017
	0018
	0019
	0020
	0021
	0022
	0023
	0024
	0025
	0026
	0027
	0028
	0029
	0030
	0031
	0032
	0033
	0034
	0035
	0036
	0037
	0038
	0039
	0040
	0041
	0042
	0043
	0044
	0045
	0046
	0047
	0048
	0049
	0050
	0051
	0052
	0053
	0054
	0055
	0056
	0057
	0058
	0059
	0060
	0061
	0062
	0063
	0064
	0065
	0066
	0067
	0068
	0069
	0070
	0071
	0072
	0073
	0074
	0075
	0076
	0077
	0078
	0079
	0080
	0081
	0082
	0083
	0084
	0085
	0086
	0087

