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FOREWORD 

The purpose of (ho studies reported herein was to examine, various 
aspects of visual acuity through a factor analysis of correlations among 
tests of visual acuity: to select the most representative tests; and to 
investigate, item diflieully and scoring methods. The studies were 
conducted by the Personnel Research Section, AGO, Department of 
the Army. 

Members und former members of the Personnel Research Section 
with major responsibility for the research include the following: 
Dr. Edwin R. Henry. Dr. Robert J. Wherry. Dr. Douglas H. Fryer, 
Dr. Horace H. C'orbin. Mr. Calvin Taylor. Mr. Lawrence Karlin. 
Technicians of ibis Section who were responsible for the analysis of 
the dulsi were: Dr. E. K. Taylor. Mr. Richard H. Gaylord, Mr. Ken- 
neth Wood. Miss Claire Tajen. and Mr. Arthur Fifer. Drs. Robert 
J. Wherry and Horace H. Corbin were responsible for the preparation 
of the report. 

Members of the Subcommittee on Visual Testing uf the Army-Xavy- 
XRC Vision Committee acted as consultants, including dipt. Charles 
W. Shilling (MC). VSX. Chairman, and Dr. Donald G. Marquis, 
Execul ive Secrelary. 

Additional members of this commit lee who deserve special mention 
for their advice and participation in constructing the tests are: Lt. 
Comdr. Dean Karn.sworth IU*). ITSNR, Lt. Comdr. (DR.) Henry 
Imus Hi S). rsXR.Lt. Comdr. Elsworlh B. Cook H(S). TSNR, and 
Dr. H. Richard Blackwell. 

The test charts and chart changers used in the Fort Dix. X. J. study 
were produced, at their expense, by the Bausch & Lomb Optical Co., 
Rochester, X. Y. Members of this firm who devoted considerable 
time and effort in this task were: Mr. Fred Jobe, Mir. Ray Stegeman, 
and Mr. E. 0. Bergmann. 

The data derived from the administration of the three commercial 
devices and other tests at the Submarine Base. Now London, Conn., 
were made available by and analyzed with the helpful advice of Lt. 
Comdr. Elsworlh B. Cook H (S)'. XTSXR, Lt. Comdr. John H. Sulz- 
man (MC),USNR,andLt. (j.g.) Neil R. Bartlett H(S),USXR. 
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Section I. PROBLEM 

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 
leiMi adopted for military service. Current devices and methods used 
in the measurement of this important ability have been, at best, of 
questionable reliability and validity. The method of testing visual 
acuity has varied greatly among the services, -within the services, and 
frequently from day to clay at the same 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 
led to inconsistent interpretations. Such inconsistency in testing a 
basic function has undoubtedly worked great hardship on the individ- 
ual, 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 selection, training, and assignment. The first such 
point was at the armed forces induction station where all prospective 
service men were examined 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 j)oint -was at various training centers 
and classification 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 ^examination were not 
made, the record of the induction station examination was inter- 
preted for such assignments as were known, or thought to require 
specific visual ability. A consistant attempt was made to make maxi- 
mum use of (lie manpower available on the basis of visual abilities as 
well as many other indices. 

The extent to which: the use of: vision tests of doubtful reliability 
and validity may have been costly is partially revealed by the results 
of medical screening for induction into the armed services. An analy- 
sis of I)DS Form 221, the Worksheet used at Induction Stations for 
processing, assembled for the year April 1912-March 191:), reveals 
that 7..s percent of those rejected from service in that period were 
so treated because of visual deficiencies.   This percentage is not large 
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when taken by itself, but in comparison with other causes for rejec- 
tion it assumes great importance, Of some 30 causes listed in this 
report, the major causes of rejection and percentages attributable to 
each are: 

Percentage of 
Came of rejection thane rejected 

Mental diseases :_ü__  12. 5 
Syphilis  0.4 
Musculoskeletal deficiencies  9. 3 
Cardiovascular deficiencies ,___ :__ 8. 8 
Eye deficiencies .  7.8 
Hernia  :  7. 8 
Educational deficiency  7.7 
Neurological deficiencies .  5. 5 
Ear deficiencies  5. 0 
Tuberculosis  „  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 fault}* vision. 

If the figures quoted above can be accepted as fairly representative 
of operations over ä 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 1913 it is reported that 3,509,2!K 
were, rejected. These figures are for combined white and colored 
groups. On the- basis of the percentages quoted above. 7.S 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 
%0 infantry divisions. From the same basic data it may be noted that 
educational deficiency accounted for 7.7 percent or approximately 
270,000 of the rejectees. It appears that an unstandardized meth- 
odology for evaluating vision accounted for as many or more rejec- 
tions from the services as did a much studied technique for evaluat- 
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 served 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 group rejected 
but among those selected for service. 

We have treated only tho induction screening of prospective mili- 

tary personnel as an instance of the wasteful operation of the tests 
and methods in vision testing. After induction, minimum vision 
standards for specialized training and duty exercised further influence 
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 Xt many steps were taken toward solution of 

the more basic problems of testing visual acuity. The coordinating 
agency for most of the work accomplished was the Subcommittee on 
Visual Examinations of the Army-Navy—NRC Vision Committee. 
The parent organization was formed in 19M 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 together in a joint organization. The committee was, and is, 
composed of members of both the Army and Navy and several scientists 
from civil institutions. The Subcommittee on Vision Examination 
first prepared a manual on the testing of visual acuity which specified 
standard optimal conditions under which the tests should be given. 
They also prepared several test charts, mainly letter charts, which were 
.subjected to considerable study at several military installations. It 
was hoped that us a result of the subcommittee's work, a standard pro- 
cedure and standard charts for testing vision would be available to 
all units of the armed forces. This would naturally enhance the value 
of any such tests in that the variability of test results brought about 
by changes in the physical set-up and method of testing from establish- 
ment to establishment would be reduced to a minimum. 

A second source of concern in this prncp-ss of standardization was in- 
decision on the part of many investigators as to what visual acuity 
tests were actuaI ly measuring. Questions most frequently asked were: 
What is visual acuity ? What does a score on a visual acuity test mean? 
These questions arose as a natural result of the use of many different 
test-objects (letters, checkerboards, contrasting grays, and forms) in 
tests currently employed. The answers to these questions were con- 
sidered available, in part, through further research in the form of 
field studies in which large groups of examinees would be given many 
types of tests and comparison made of performances of the same group 
on all of the forms involved. It was found that many agencies were 
interested in seeing this research accomplished. The Air Surgeon 
initialed a request that: a study be made, "to determine: (a) The re- 
liability of * * * visual acuity tests * * *. (&) Intercorrela- 
liniu. of   *    *   *   visual acuilv tests."    (Reference, Memorandum 
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for: Assistant Chief ,oi Staff,'6-1, Subject: Visual Examination, dated 
21 September 1945.) 

The Surgeon General concurred in this proposal (1st Ind. D/F), 
from ASF, SGO to the Assistant Chief of Staff, G-l, file Nö. SPMDP 
TOS, dated 10 October 1045). As a result, The Adjutant General was 
directed to make % study * * * to cstablisli standard procedure 
and standard charts for determination of visual acuity and uniformity 
in testing the various visual criteria." Reference, Bisposition Form, 
From: G-l, WDGS To: TAG, file WDGAP 201.5 (10 Oct. 45), Sub- 
ject: Visual Examination, dated 22 Oct. 45.) The Personnel Re- 
search Section, Personnel Research and Procedures Branch of The 
Adjutant General's Ollice was given this task. 

3-. Present Problem 
With the Subcommittee on Visual Examination of the Anny-Xavy- 

NTJC Vision Committee, ofiicials of the Personnel Research Section 
planned the initial research project (PR—1075-01) which is covered by 
this report.   The problem outlined for the project i.* threefold: 

«. To determine under standard conditions the various aspects of 
visual acuity through a factor analysis of correlations among tests 
of visual acuity recommended by the Arnvy-Kavy-XRC Vision Com- 
mittee. 

6. To select the most representative (pure and reliable) test of each 
such aspect. 

c. To make preliminary investigations of item dilliculty and .scoring 
methods on the test studied. 
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Section II. 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 21 hours between the sessions. 
The remaining 531 men were tested only once. 

% When and Where Tested 
The-men wore 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 acuity test score for the left eye only. This information 
was obtained from WD AGO Form 63 at the physical profiling station 
of the Reception Center processing (low.  Criteria for selection were: 

«. Equal numbers in euch age group, by year, from 18-29 years of 
age. 

h. Distribution of each age group by Army Snellen left-eye visual 
acuity scores according to the following: 

Percent 

Over 20/40  5" 
20 '40  10 
20/30  —  20 
20/20   50 
Below 20'20 ——  15 

This method of; select-inn proved to be unsatisfactory on two counts: 
(1) XTnreliability of Army Snellen scores obtained from Form 63, 

and 
(2) Constriction of the flow of pei-sonnel 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 
tlie fautly test* practice of stopping successful examinees at the end of 
the 20/26 line. It: soon became obvious to the research staff at- Fort 
Dix that almost no men were appearing with previously determined 
Snellen scores below 20/20, i. e., 20/15. XTnreliability of these indices 
was evidenced, too, by differences noted between the Snellen scores of 
record and those obtained in the current research. 

In spite of these deficiencies an attempt was continued throughout 
the study to select men on the basis of a wide variety of ages and a 
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wide spread of left-eye scorns or. the basis of previously obtained 
Snellen scores. Table I shows in terms of percent, the desired and 
obtained distributions of Army Snellen score and age. As to 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 small 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 at 20/20 (69.3G percent), most 
likely includes many men whose scores would be somewhere below 
20/20 if the test had been extended to their "real" threshold. Mean- 
while, age öf the group piles up at IS and 19 years: we expected no 
cases of 17-year-olds. Down the years the table shows fewer and fewer 
cases with-a slight upward jump at 28 years for unaccountable reason's. 
In general, it can be said that a spread of ages was obtained, but thai, 
short of waiting on cases for months, equal numbers at each age were 
unattainable. 

TABLE I.—Percentage of cases in previous Army Snellen and age categories for 
731 and 792 cases respectively showing the desired and obtained distributions 

Previous Army Snellen Ago 

Score Beslrctl 
percent 

Over 20/40.. 
20/40  
20/30  
20/20  
Below 20/20. 

Total. 

5.00 
10.00 
20.00 
50.00 
15.00 

100.00 

Obtained 
percent 

7.93 
6.02 

15. S7 
69. 36 

,S2 

Years nesir«! 
pvrwni 

Obtain«.! 
IJcrdüKi 

17  
IS  
19.... 
20  
2L._„_. 
22  
23..... 
24..... 
2*  
20  
27...., 
28  
29  

Total. 99. 96 

0.00 0.63 
8. 33 20. OS 
S.33 21.97 
8.33 9.97 
a 33 6. S2 
S.33 5.30 
S.33 -!. 42 
8.33 3.91 
8.33 3. 60 
8.33 3.41 
S.33 4. SO 
8.33 9.S5 
8.33 5.18 

100. 00 

4. typicality of the Sample 
Themen tested were judged typical of the general population com- 

ing into the Army as of October-November 1946. They included a 
mass of enlistees who sought Army .service in order to come under the 
benefits of the Gl bill of right« for which an October 5 deadline had 
been set. A few men were reenlistees, but the majority were typical of 
the postwar draft group. No reason has been found to susped a 
typical quality in the visual or other characteristic- of those tested. 

Section III. VARIABLES AND CONTROLS 

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

1. Test Charts 
The bii-tir dtmi/n 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 experts in the visual examination field felt were the basic aspects 
of visual acuity as measured by the respective tests. The types of 
objects employed were: 

a. LKTTKKS. The.se have been used universally in the past as the 
clinical material for scaling visual acuity. Of the four letter tests 
used in the study three were modifications of the more familiar 
Snellen test, designed to give more reliable scores. Extensive research 
went into the development of these tests at Naval Medical Research 
Laboratory, New London, Conn., and the AAF School of Aviation 
Medicine, Randolph Field, Tex. 

(1) Army 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 chart. The number of letters 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 (see fig. 2, Test 5). The letters in each row 
are equated for difficulty and are of equal size and width of stroke. 
The size and 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 
one from five hi the first row to eight in the fourth and remains at eight 
in the rows which follow. 

(3) .1/17^ Letter (see fig. 3, Test 8). The same six letters are em- 
ployed in each row, and within the rows they are equated for difficulty^ 
size, and width of stroke. The size and width of stroke decreases from 
row to row from the top to the bottom of the chart. 

(4) AAF Constant Decrement (see fig. 4, Test 11). The size, of 
the letters and width of stroke decrease continuously by one Snellen 
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step from letter to letter.   This decrement runs across each row and 
from top to bottom of the four rows of the chart. 

b. RhksoLfnox OBJECTS.   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- 
sion of familiarity of the letters.   Eacli of the present tests required 
the examinee to report for each item in which, of four possible quad^ 
rants of a diamond-shaped space the test object appeared.   This mode 
of response required the examinee to report "place where" the object 
occurred, whereas, in the letter tests the examinee reported the actual 
letters.   It is essential to the success of these tests that the examinees 
continue- to respond even when they believe it is guesswork.   The tests 

in till is group were— 
(1) Dot Variable Size (see fig. 5, Test 3). A dot of constant black- 

ness was located in one of four corners of a constant-sized white dia- 
mond which, was surrounded by u field of uniform gray- The size 
of the clot was constant within each row of four diamonds but de- 
creased from row to row from the top of the chart down. The dots 
were located in corners of the diamonds in a chance order. 

(2) Live Resolution (see "fig. 6, Test 9).   A line of constant length 
und constant blackness was located in one of four corners of a constant- 

11 



sized white diamond surrounded by a field of uniform gray. In each 
item the line was placed to radiate from the diamond center to one of 
(lie four corners. In'each row of the test chart there are four dia- 
monds, each containing a line of equal width -which pointed to a dif- 
ferent coiner of each diamond in u chance order. The width of the 
lines decreased from row to row down the chart. 

I'Hiim .").--D"l 1 urinbli tfizr-'Jixt .1. 

12 
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1 
VlGvKKV,-LineR<>soUaion-'f<<«t<J. 

th! ime tost object used in ^e B^uKhjd^ ^.^      & 

sensed in size for use,   20 feet   ^ ^ contained * gnd 

moml grouping of  fo-ai  W «<*•° Tbe coarser gnd was a 
(checkc-vbcnu-d) courser than the otfcci tl       ^ black and whlte 
c-herkorbuard type made up otio^. - 
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squares, while the grids of the other three squares in the diamond 
consisted of rows of black dots. Viewed from 20 feet, the three 
squares consisting of black dots were not resolved and appeared to 
examinees as squares of gray. The size of each diamond group re- 
frained the same for each row of four items, but decreased from row 
to row down the chart. As the whole group decreased in size, the size 
of checkerboard dotted squares decreased in proportion as in photo- 

•5 
•» • 

**• 

•t#     #*•     ••#     •*• 
FiciuiiK 7.--B(iiwli and Lumb Chtrki rboard—Tml 1. 
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graphic reduction.   The position of the checkerboard square variedc 

from item to item in chance order. 
(4) Checkerboard Vm'table GrM (see fig. 8, Test 13). This test 

used the same test object as the Bausch and Lomb Checkerboard test, 
except that the figure size remained constant while the checkerboard 
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, 
and one« again the location of the square containing the checkerboard 
grid.is distributed in chance order among all the items. 

e. CONTRAST SENSITIVITY OBJECTS. Two tests were included which 
employed brightness contrast between the objects and background. 
The objects varied in grayness from that of the background in both 
tests, being always darker in shade. Both tests employed the same 
response device that was used in the resolution tests described above. 
The. tests were: 

(1) Quadrant Yaiiable 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 arrowhead 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 
lop row down. The direction the arrowhead pointed in each item was 
either up, down, right, or left, determined on a chance basis. In fig- 
ure 0 we present only a single item of this test. This item is not a fac- 
simile of any item of the actual test but shows the essential nature of 
{he test object. Photo reproduction of the actual brightness items 
proved impossible and for that reason this fictitious item is x>resented. 

(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 shade which 
almost matched the background. The dot- was located in one of the 
four corners of a constant-sized diamond 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 row of items and from the top row- 
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 reasons stated under (1) above. Again, this sample is more 
illustrative of: the nature of Che item than could be achieved by photo 
reproduction of the entire test chart. 

d. FORM DisoiuMrNATJox. Two tests were included which used a 
type, of form discrimination as the basis of composition of the test 
objects. In both cases this was a discrimination between rectilinear 
and curvilinear sides of the objects employed.   Both tests depended 
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FiccitB 1).—Quadrant Variable Contrast—Test Jt. 

on success in presenting: curvilinear forms with rectilinear ones with- 
out variations in area among them. Ail items were constructed in 
n manner which held such areas constant. 

(1) Triantjh' Discrimination (see iig. 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 

FiuciiE !».-/!«/ Variable Contrast-Test 10. 
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the figure. Three of the triangles were equilateral, while the fourth 
was identical with the others in all respects, except the side, or huse, 
opposite the apex -was bowed couvexly. The convcxly bowed side was 
constructed in such a May that this li-hingle was equal in area to each 
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of the other 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 DiMrimination (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 area of! this 
figure equal to that of the other five (1 square inch). The odd figure 
was distributed in chance order among the middle four figures in each 
TOW. The degree of convexity of the sides of the non-square object 
decreased from row to row from the top of the chart down. 

v. YKKXIEK OK ALTXEMRXT. (1) One test was included that used 
this type of object which has been thought to measure a distinct 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 correct 

response. 
{-1) TVrhiii' Acuity (see fig. 13,Test 14). Each item was an equal- 

nrnied cross placed in the upright position. One half of one of the 
four arms of each was displaced laterally in a clockwise direction. 
The degree of displacement decreased by grouyjs of items. The first 
two items had equal displacements, while the rest of the displace- 
ment decreased after each group of four items. The position of the 
arm winch was displaced varied among the items on ehe basis of 

chance. 
/. PHACTIC'K. It was essential to the value of the tests that the 

examinees continued to respond even though they reached a point 
where their reports were guesswork. This was especially true of 
those tests in which they reported in which of four possible positions 
the test object was seen. To train the examinee to continue to the 
point of: "playing their hunches" a practice test was given at the 
bejrinnini; 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 
diamond position so that the position Of gap was distributed among 
the items on a. chance basis. The size of the squares and the Svidth 
of: a 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) Scalimj of item*.   The test charts were constructed on two 

principles of item scaling, i. e., the physical steps of decrement in size, 

19 



Pf*       " 
if      '"-"     <:• 

• • • • • • 

•••••• 
•••••• 
•••••• 
•••••• 
•••••• 
• • 

FiGi-ne V2.~Sf/uare Dineriutinution—Tcst U. 

+ +.+ 
fl H—I* 

Kita IIK 1H. — 1"'ni/rr AruiHl—Text 1',. 

20 31 

j 



1 T=* 

ooo 
oooo 

Jk^ 

OOOO  oooo 
o   o   o o    «     o    o o <> o o 

FIGURE 14.—Practice Test (Square C)—Tcst 1. 

contrast, convexity, and alinement that were used.  The two principles 
were Snellen-type units and logarithmic units. 

(a) The Stielten unit bears a relationship to normal acuity which, 
theoretically, has been set as correct resolution of two points separated 
by 1 minute of visual angle at a distance of 20 feet from the examinee. 

Hence, "correct readings of letters whose critical spacings and width 
of stroke subtend 1 minute of visual angle at 20 feist are said to 
represent normal vision. Of course, populations have been tested 
where the average of the populations 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 terms of the distance at which the width of 
stroke arid sizes of the gaps in said letters subtend i minute of visual 
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 minute at 40 feet, given by the denominator. 
Likewise, smaller letter sizes are based on a shortened observation 
distance at which the1 parts of the- letter would subtend 1 minute of 
angle. The 20/15 letter size is that subtending 1 minute at an observa- 
tion point 15 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 acuity is constant at any 
distance. 

(b) Tfw 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 discrimination bear a constant relationship to the point of change. 
With this constant arbitrarily set at two, an object subtending 4 min- 
utes is reduced by % to 1 subtending 2 minutes of visual angle in a 
decrement of one unit.   The next step in the scale becomes 1 mimite 

Tki 

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

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

(3) Decrements between items and between groups of items. In 
addition to the- two scaling principles employed* -two methods of 
presentation of itenls were used: First, a single item was used at each 
scale value, and second, several items were used at each value. The 
AAF 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 were presented 
at each value of the logarithmic scale. We have named the two 
methods (a) item to item decrement, and (5) group to group 
decrement.   In most cases the group to group decrement was accom- 
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plishediEom row to tw of the test chart This did not hold for the 
Practice and Vernier Acuity Tests where the size of the test objects 
and the necessary spacing on the chart caused the decrement to occur 
within some 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 two charts for certain tests 
where the complete range of the items could not be included on a single 
chart. The second chart in each of these cases was a continuation of 
the first beginning in the top row with the scale value following that 

T\BiiE IT.—Gross characteristics of tests employed in « study of the factors in visual 
-acuity, Pli J,Q75-Q\ 

Test 
No. 

i 

Title 
1 

TyiH> of Item 

Resolution 

I    Scale 

Log 

1 Decrement i 
!     .            I 

i 

Croup .• 

Number 
of hem« j 

33 

Number 
of duirt» 

1 
1 

Practice.    -              i 1 

-    2 Army Snellcn  Letter,    . Snell. Group.. •in 1 

3 Dot Variable Size. Resolution Log Croup . •IS 2 

4 Quadratit Variable Con- 
trast. 

Brightness Log    • Item 10 1 

5 Kew London Letter       j letter,. . I/OK Croup . 82 1 

6 Trianalc Discrimination. Form Log Croup 20 o 

7 Bausch  and  Loral) ; 
Checkerboard. 

Resolution Log Croup •12 2 

8 AAF Letter       i letter Log Croup (10 1 

9 Line Resolution - Resolution . '-«ft Croup •IS 'I 

10 Dot Variable Contrast..' Brightness . Log Item 10 1 
11 AAF Constant  Decre- 

ment. 
Jitter..  . .Snell . Hem 

1 

3(5 1 

12 Square Discrimination.. Form  . 1  Los Item IG 2 

13 Checkerboard Variable 1 
Grid.                            j 

Resolution • Ug .. 

! 

J Group,. •IS 2 

14 Vernier Acuity - . -. Alignment... i Log   . .1 Croup». 
i 

30 2 

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 diflieult range 
which could conceivably influence the response. However, this would 
have, entailed redesign of the entire apparatus and procedure and, at 
the time, was considered of slight influence on the present study. 

(5) Controlled' variable* in Thr rhericcWöard teste ,1, lif    JL^i* *.»«.i»»« 

andLomb Checkerboard and Checkerboard Variable Grid Tests pre- 
sented a unique problem in variable control. From a study of the 
initial versions of these test* which were printed in totoit was apparent 
that two modes of response were possible in the ca.se of some items: 
(a) A response based on seeing the checkerboard square of the item 
as a checkerboard, and {b) a response based on seeing it in terms of 
brightness.   By sliifting the response, after looking for actual checker- 
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boards failed, it was possible to go on through a considerable portion 
of the tests on the basis of which square of the diamond lookeiiarke^ 
To control this an extensive, if rough, test was made of all the items 
used in the two tests in question. Firsts the items were produced indir 
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 the items 
so that -the--correct response varied in position on a 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 brightness judgments. These selected standard 
items were then used to pick others of the same size by a matching 
technique. This method was rough, but later results with the charts 
and remarks of examinees indicate that brightness judgments were to 
a large extent eliminated. 

(0) tSurmmiry of test chart characteristics. Table II summarizes 
the- salient characteristics of the tests in the order in which they were 
presented in tiie 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 specially prepared 
for these purposes. The entire installation was included in a mess 
hall at the Reception Center, Fort Dix, 1ST. J., which was modified 
for the purpose- of- this experiment. A floor plan of this building 
giving the essential layout of facilities is shown in figure 15. This 
plan shows a central waiting room, used for orientation and inter- 
view of examinees, from which passages lead to two adaptation rooms 
(Al and A2). From these, other passages lead to three test rooms in 
either wing of the building (El, E2, E3 from Al and E4, E5, E6 
from A2). Specifications for all these rooms were determined through 
consultation with members of the Vision Committee and extensive 
trial construction, with the materials provided, 

a. WAITING ROOM. This room was supplied with indirect lighting 
but otherwise contained no special features. It accommodated 30 men 
at a time and was equipped with tables for interviewing purposes. 

b. AIMJTATIOX ROOMS. 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. 

7Ö1039—48- 
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FXGUBE 15.—Schematic diagram, Vision Examination Jluihliny, Fort I)\x, .V. ./. 

With, both doors closed, they were virtually liglitproof with respect 
to outside illumination. 

(2) The walls were painted flat yellow. All sources of: glare und 
visual microstructure were eliminated. 

(3) A centrally located overhead lamp (100-watt) was shielded 
from direct vision of the examinees by a special reflector. This was 
the only source of illumination in the room. 

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

mately 4 foot-lamberts as measured by the Macbeth Illuminometer: 
calibrated to measure brightness. This brightness complied with the 
plan to have it fall between 2 and 5 ioot-lamberts. 

(5) Three chairs were installed for examinees awaiting examina- 
tion. 

(6) Air circulation was accomplished by a fan mounted on a corner 
pedestal while tire rooms were closed. Between test sessions, the doors 
to the waiting room were opened. 

c. TEST BOOTHS. It was atthe boothsthat the-most exacting, physical 
conditions were established and maintained. The booths were con- 
structed of 2 by 4 lumber according to the plan shown in figure 16. 
This 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 
booths. The shields were movable plasterboard and plywood baffles 
placed as close to the windows as was required to avoid incidence of 
daylight on the booth walls. They did not x>revent flow of outside air 
into the rooms. The following points cover the specifications of con- 
struction, furnishing, and illumination used in the booths proper: 

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

(2) Wall 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 
stretched in application to the walls and variations in the weave of 
different pieces. These provided no serious obstacle to achieving 
standard lighting conditions. 

(%) Ligh "ting. Placement of the lights in the booths and the dimen- 
sions of booth wulis were- inter-related in obtaining the desired bright- 
ness of the critical visible areas. For the booth dimensions 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 
lumps were installed measured 3.5.10.25. and 21.0 feet from the front 
wall as is shown in figure 16. Eacji lamp was enclosed by a standard 
14-inch diffusing globe. Each of the two liglits nearest the front Avail 
was shielded from the direct vision of the examinee by drops from 
the ceiling placed about 2 inches behind the diffusing globes and ex- 
tending the width of the booth. The baiHes were made of several thick- 
nesses of cloth and dropped to a point where direct vision of the globes 
was impossible. They also served as reflectors and raised the bright- 
ness of the front wall to the desired height. The light directly over 
the examinee was similarly shielded from his vision while entering 
the test booths.   In addition, a distracting glare from overhead was 
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eliminated by turning this baffle toward the front wall and stretch- 
ing it between the diffusing globe and the examinee's head. 

(4) Lighting conditions obtained. The booth construction de- 
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-NBC Vision 
Committee. The subcommittee's standards proposed, "the brightness 
of the walls oi the testing room at head height shall be not less than 
3 foot-lamberts nor greater than the brightness of the test charts'Vand 
"the brightness of the chart shall average 12 foot-lamberts and shall 
not be less than 10 nor more than 15 foot-lamberts. Under no condi- 
tions shall there be shadows or reflections visible on the chart." 

The degree to which these specifications were approximated may bo 
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 foot-lamberts. 

TABLE III.— Ranges and means of brightnesses in foot-lamberts found at the top 
and bottom of a -plain while lest chart in each of the tesl booths 

Chart top * Chart bottom Total 
chart 

Booth No. Range 
Moan 

"iill£v 

M«in 

11.4 
10.9 
10.4 
11.1 
10.9 
JU. -1 

Mean 
High Txw HlBll kW 

9. 8 
9.5 
9.2 
9.9 
9.6 
s. u 

10.0 
10.5 
11.0 
10.5 
10.4 

y. u 

12.4 
12.5 
12. 1 
12.5 
12, 2 
ii. y 

12.4 
12.3 
II.7 
12.2 
12.0 
11.7 

11. 7 
2  14.0 

13.8 
13.9 
13.0 
J3. U 

.11. S 
3  11.3 
4  
5_  

IJ. 8 
Jl. 7 
11. '£ 

The table shows that on the average the desired chart standard 
(12.0 foot-lamberts) was approximated. Howe-ve-r-, 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 partially cor- 
rected by laying cloth on the floor from the front wall to a point about 
halfway to the headrest. This arrangement succeeded in raising the 
brightness at the bottom to a greater extent than at the top of the 
chart. In addition, a black shape was painted on the diffusing globtf 
of the light closest to the front wall so as to reduce the brightness of 
the top of the wall to a greater extent than the bottom.    Although 

these devices were Üfe?erä§ Successful as desired, the correlation was as 
complete as could be obtained without an entirely new design for the 
booths. In practice, the Avails of the booths closely approximated the 
desired specifications. At no i>oint visible to the examinees did the 
brightness of booth walls exceed that of the test charts ör fall Below 
the prescribed minimum value of 3.0 foot-lamberts. There was a 
constant gradation of wall brightness from about 8;0 foot-lamberts at 
the area next to the charts to about 4.0 foot-lamberts at the-j-ear of 
each booth. Behind the mid-booth bathe (light shield) a noticeable 
shadow appeared measuring 3.0 foot-lamberts in the corners formed 
by the battle, 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. 

(5) Chart changers. The Bausch &Lomb Optical Co. produced an 
electrically operated chart changer which held the charts in position 
for testing and permitted the examiner to change them by remote 
control. The ^ {5-inch stock of the front of the changer was sewed and 
glued to the cloth of the front Avail of the booth so that the opening 
through which the charts were vicAved cast a minimum of shadow On 
the charts. The changer had a capacity of S charts; thus, Avith 23 
charts in the battery, 3 separate loadings of the changer Avere neces- 
sary. Because of operating difficulties connected Avith the chart 
changer, and the need for strict control in the order of presentation, 
a booth attendant Avho.se main job Avas to oversee and service the chart 
changer was assigned to each examination unit. 

(6) Furniture. Each booth Avas equipped Avith a chair and headrest 
for the examinee and a table and 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 the-head AATas 
erect and could not turn from side to side. Mounted in a pipe base 
fixed to the floor, the Avooden rest could be raised and loAvered to fit the 
individual examinee. The examinee's chair Avas of standard height 
(seat IS inches from the floor), and during the test Aväs 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 his head in proper position Avithout undue strain. Meairwhile, 
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 converrieutly give instructions and observe the 
activity of the examinee's left eye during the test. The headrest was 
cut away to facilitate observation of the left eye. 

(7) Ventilation. The entrance to each booth Avas partially open at 
all times. Two fans, mounted on pedestals on either side of the 
examinee and directed toAvard the front of the booth, provided ade- 
quate circulation Avithout billowing the cloth of the Avails and baffles. 
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3. Other Examining Equipment 
a. SAMPLE ITEMS. Each examiner was supplied with a set of 14 

cards on which 2 or more, sample items were presented for each of the 
experimental tests. These were exposed to examinees.'.along with the 
instructions for each test and were designed to facilitate getting the 
test task across with a minimum of verbal explanation. The sample 
items did not duplicate the actual test objects or spatial arrangements 
of them and provided no-observable cues to correct responses. 

o. OCGMJDERS. A flesh-colored plastic occlude?, held in place by 
elastic string circling the head, was used to cover the right eye during 
examinations, it fitted the face with comfort and was concave away 
frottt the lids and lashes. Its most notable characteristic was admis- 
sion of general light to an open right eye while eliminating test objects 
from the visual field of that eye. As a result it was possible to present 
relatively equal amounts of light to both open eyes and to avoid touch- 
ing the lashes of the occluded one and other variations existing in the 

use of various hand-held devices. 

.  Section IV. PROCEDURES 

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

Procurement of examinees. 
Scheduling groups to be examined. 
Scheduling examination procedures. 
Preparing the test booths. 
Orienting 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 
a, SELECTION*. Twenty-five enlisted men were selected for the ex- 

perimental staff. 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. Initial 
selection was made on the basis of AGCT score, education, voice qual- 
ity, a rough estimate of maturity, and interest to the point of volun- 
tary choice of this assignment. The men selected on this rough 
screening were classified further by sampling their ability to read test 
instructions, to perform clerical or mechanical-operations, and on new 
statements of: their interests. In this manner five different jobs were 
filled with some subsequent reassignment and rotation of personnel: 
to accomplish unforeseen activities of the study. 

(1) Examiners, 14 men. 
(2) Orienter, 1 man. 
(3) Interviewers, orienter and 2 examiners. 
(4) Booth supervisors, fi men. 
(5) Data clerics, 4 men. 



I. TRAINING. One full week was devoted to twining his «luff. 
Trainm* consisted of lectures* supervised practice, and, finally, 2 days 
of "dry°run" for tlie whole procedure. Greatest concentration of 
training went into the development of a professional attitude on the 
part of the staff. It was hoped that all personnel would appreciate 
the experimental nature of the work and maintain the controls by 
desire rather than by compulsion. Then too, we sought to develop 
ability and confidence to deal with people. The examiners and on- 
entev were coached in reading instructions and the series of events 
in the test procedure. The booth supervisors were trained to operate 
and Maintain all booth equipment and to make illumination surveys. 
Meanwhile, the clerks laid out the processes for scheduling all events 
and handling the data. As usual, plans made in the office hud "bugs" 
when applied in the field. During the conferences of the- training 
period, all procedures were whipped into more workable form. In- 
structions to examinees were reworded, mechanical failures turned 
up and had to be-met by expedients, and clerical operations were sim- 
plified. In simplifying the job, while maintaining the basic design 
of the study, the enlisted staff proved invaluable. In the sections 
which follow the procedures described are those finally adopted. 

2. Operations 
a. PuocrREAiEXT OF EXAMTXEES. Examinees were drawn from the 

processing stream of the reception center. The men were spotted at 
the physical profile section by reviewing age and previous left-eye 
Snellen scores recorded on WD AGO Form (S3. "Report of Physical 
Examination." Selection of those to he tested was made in an attempt 
to fulfill the distributions of age and Snellen score previously described 
in section H of this report. 

I. SCHEDULING GROUPS To BE EXAMINED. Examinations were sched- 
uled between the hours of 0730 and 1700.   Men were scheduled to 
arrive in ffrmil« of 30.fisieh. (Wft PTOtltJ ffiT fcllP mornillC and OOP for the 
«—•-••»——o IT * c- A ••- - c-   - 

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 2-1 hours after the first 
examination. This group we shall call the T'EST-BETEST group. 
With ö test booths operating and an AM or PM load of 30 men to 
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 minutes 
for each session which turned out to be adequate. However, as experi- 
ence was gained, the staff shortened this time to roughly 40 minutes 
for the longest examining sessions while some examinations of: men 
with very poor vision required as little as 20 minutes. Nevertheless, 
to preserve order each session was started simultaneously by all exam 
ining units so the over-all time remained pretty much the same. 

c. SCHEDULING EXAMINATION PROCEDURES. (1) TEST grmp. 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 randomized 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 II (see sec. HI) but the number 
of the first test was varied systematically. For men examined in the 
TEST group we had a running schedule for test order similar to the 
following sample : 

AM TEST 
Test'••session* Test order 
1  2-3-4-5-6-7-8-9-10-11-12-13-14 
2  3-4-5-6-7-8-9,-10-ll-12-13-14~2 
3   4-5-6-7-8-9-10-11-12-13-14-2-3 
4  5-6-7-8-9-10-11-12-13-14-2-3-4 
5 ,. _  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-XETE8T groiop. An identical schedule was kept for 
the TEST-RETEST group. In this treatment, however, another con- 
trol was used. Men were retested with the same order of test presenta- 
tion as that of first test session. For this purpose the same schedule 
was retained for pairs of afternoons: Monday—Tuesday, Wednesday— 
Thursday, and Friday—Saturday. 

(3) Eivaminer- rotation. The 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, PREL'AIUXC. TIIE TEST BOOXMS. Each test booth, clescribed in sec- 
! ion HI, was prepared for the examination by a booth supervisor. The 
booth 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) Teat chartx. The condition of the test charts offered the great- 
est mechanical 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 continuous task 
for the supervisors. In addition, they constantly checked on the clean- 
liness and general physical condition of the charts, substituting new 
ones when necessary. 

(2) &Jmt changer. The supervisor made certain that the changer 
would function as well as possible. Daily oiling and repair of mal- 
f unctions was backed up by constant supervision while the tests were 
in progress. The chart changer never worked in a completely auto- 
matic fashion. As a chart jammed or failed 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 
it occurred and, while regrettable, did not give rise to excitement or 
serious hold-ups in test procedure. 

(3) Loading the elianger. Before each session, the changer was 
loaded with the first six or seven tests in the order prescribed by 
schedule. As testing progressed, chart« for later tests were inserted 
behind those already loaded. 

(4) Examiners material*. The supervisor made certain of the 
examiner's materials prior to each session. Tin's included the supply 
of occluders and pencils, arrangement of the sample cards, and instruc- 
tions for the tests in the order scheduled for the ensuing session." 

(5) Spot eheelc of illumination. Supervisors and examiners were 
constantly alert to possible failures of critical areas. Such failure« 
included lightbulbs, cloth rips and separations, and any visible shifts 
in the general level of brightness which might occur during the test- 
ing. If suspicions arose they called for more accurate meter survey 
before the testing was continued. 

e. ORTESTJSG EXA3EIX£ES. Upon reception at the vision examina- 
tion building the men were given brief orientation: 

You will take several eye tests this morning (afternoon).   Some 
mc UJIC wie icota juu luuiv  MUCH-juu eni.6iCCl unv- -rvinij.     vruirrS «1? 
new. Some of these tests may be better than others. The only way 
to find out is to try them all and compare the results. That is whv 
you have been asked to take these tests. The scores you make- will 
not go on your record or affect your job in the Army. 
/. INTERVIEW. Certain personal data items were obtained in an 

interview following the orientation. All such data were originally 
assembled on the IBM data form designed for the. study, A copy is 
included in appendix B, Other sources of data were individual- rec- 
ords, the examination procedure, illumination surveys, and purely 
administrative items such as dates. These will receive brief atten- 
tion as we come to them. The data, other than vision test scores, 
included— 

(1) Xame of examinee. 
(2) Army serial number. 
(3) Age on last birthday. 
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(4) AGCT standard score. 
(5) Number of school grades completed. 
(6) Station code (all Fort Dix). 
(7) Previous Snellen score (left eye only). 
(8) Statement of the examinee as to whether or not he wears glasses 

(other than sun glasses) and, if so, whether habitually or for reading 
only. 

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

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

(11) Date and hour of the test. 
(1*2) Indication of whether first test or retest. 
(13) Question of examinee's having taken drugs in thelast 24hours. 

The term "drug" as used here did not include standard medication 
such as aspirin, but referred to opiates, morphine, marijuana, 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 hours he 
was dismissed without examination. 

(14) Number of test taken first. 
Foot-lambert reading at center blank white chart taken from ( X<Jj 

periodic measurement. 
(IG) Examiner's name. 
(17) Indication of astigmatism (not taken until the study had been 

started hence the total sample did not get this treatment). 
(18) Test liked most (not recorded on the data form but coded from 

information gathered by examiners). 
(J 9) 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 fitting, outside "dis^ 
turbances, head cold, other). 

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

(22) Race (all white in this study). 
(23) Booth number (coded from administrative schedules). 
g. CoiAEcriox oi? PERSONAL DATA. FROM IxompyAi, RECORDS, As 

mentioned .some items of personal data in the list cited above were 
obtained from WD AGO Form 20, Soldier's Qualification Card, 
and WD AGO Form 03, 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 
.-crial number of the data section where it was collated with the other 
items for each examinee. 
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h. LIGHT ADAPTATION. After the interview, the six men to be tested 
in any session were divided into two groups of three, one for tests in 
either end of the building. Bach group was led to the respective 
adaptation!ropms,.seated, oriented^ andremained therefor 10 minutes, 
at which time the examiners picked up their examinees, introduced 
themselves, and proceeded immediately 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 area 
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 a few minutes 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 is best not to 
read or stare at anything. Please do not smoke, as it is difficult to 
air this room which is used alL the time. You will be told about thy 
tests in the testing room.   "We thankyou for your cooperation in this 
program to secure a better eye test for the Army, 
you can in these tests. 

Please-do the best 

_•    TU—__.-_- 
.»-». j ...... ... jiSA^ixrväiüLUÄ. Administration of the -tests consisted of 

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

(1) Adjusting tlie examinee. The examinee was seated and head- 
rest adjusted to a j>osition in which the plane of his face was roughly 
perpendicular to the floor. Examinees were urged not to hang them- 
selves by the chin on the rest but to useit as a guide for positioning their 
heads. The occluder Avas then introduced and tried over the right eyp. 
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 your 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 occluder). 
Please keep it over your right eye during testing. Keep" both eyes 
open at all times. Whenever you are being tested, you will also 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 willstop for a rest.   There wi 11 be a 2-mirmte rest period between 

(2) General instruction.   With the examinee seated the examiner 
gave general instructions: 

Here is the way you take the tests. 
For each test, charts will appear 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 lest, I will show vcu a sample 
letter or ngure such as you will see on the chart when tlie test begins. 
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You will be told what; to look for in each test and^how to tell 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 -''tne top row. In 
other tests, tlie 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 across the rows as you do in reading. 

Each test gets harder and harder as you go through it. Always 
keep on trying. Guess if you are not sure. You will be surprised 
at tne number of times a guess is correct. Continue to call out your 
answers to any test until .1 say "That is enough." Some tests have 
two charts to be shown one alter the other. You will be told-how 
many, charts are coming before each test begins. If two charts are 
used in a test, the second will appear immediately after you have 
finished the fii-st one. Go on immediately at the left end of the top 
row of the- second chart and continue until I say "That is enough. 
{'•>) Astigmatic index. With the examinee in position for testing, 

the astigmatism chart was exposed to the left eye. Examinees were 
asked to describe what they sow. 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 tlie radial lines differed. Finally, those who 
perceived dilferenees were asked at what xiosition of the clock (1,2, 3, 
1 o'clock) the lines appeared "darker," "more distinct," or the other 
qualities adopted by the individual to describe their experience. The 
nature of the data and the errors of measurement, e. g., head position, 
attendant to this rough index have led us to doubt the value of these 
data. 

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

Here is a. sample of the figures you will see on the chart.' Notice 
that one corner of each figure is missing. You are to tell me which 
corner of each 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.   Keep 
going until I say, "That is enough." 

Are there any questions?   Get ready.   Keep both eyes open. 
Go ahead. 

The. specific instructions for all tests are shown in appendix B. 
(5) Exposing the charts. Before the signal, "go ahead," was given, 

the examiner exposed the chart for the test. If the chart changer 
failed to function at this time, the "go ahead" was delayed while the 
booth supervisor hand-operated tlie 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 b/y the 
examiner-supervisor team> Such delays were infrequent and had no 
observable influence on the data. However, we cannot advocate such 
difficulties as conducive to standard practice. 

(6) Recording. BecOrdingiesponses was a three-part job, .marking 
the IBM data sheet, periodic observing of the examinee, and supplying 
motivation. 

•(a)- Marking. The examiner marked correct responses only on the 
section of the date sheet for each test. Electrographic pencils were 
used. Each test was continued until the examinee made three con- 
secutive errors. No attempt was made to record the nature of the 
errors in the. calls of the examinees. 

(b) Observing. Examiners periodically observed the position of 
the examinee in the headrest correcting twists of the head as they 
occurred. More important, the left eye behavior was carefully 
watched for squinting, excessive blinking, watering, and other signs 
of fatigue. Tests were stopped when these signs were noted and 
suitable corrective rest or reinstruction were applied. 

(c) Motivating. The test scores from this group of tests depended 
on the examinee's perseveration in the task through the "threshold.'" 
That is to say, the examinees had to continue to call some response 
even when the visual situation made it sheer guesswork. This pre- 
sented a problem of urging the examinees to continue the task, but 
in a way that would be standard for all. In addition to the initial 
instruction to "keep trying" and "guess if you are not"sure." standard 
methods were adopted in the test period. When an examinee halted 
on an item, 10 seconds were allowed for the response. If no response 
was elicited in that time, the examiner repealed, "keep trying, please, 
guess if you are not sure." Another 10 seconds were allowed for the 
response. If none was obtained, the prodding phrase was repeated. 
If in the 10 seconds following this second statement to the examinee 
he failed to respond, the test was stopped. It was assumed in treating 
the data of such, men that- the next three items. -s««'«--^ 
on which the examinee halted, would be misses.« 

(7) Rest periods. A 2-minute rest period was allowed between 
tests. Examinees were instructed to lean back," remove the occluder 
to a position on the forehead, and not to look at the charts during this 
period. During this period examiners answered questions about the 
procedure without reference to specific test items. 

(8) Ques&om at the end-of the session-. The examinee's responses 
to the following questions were recorded at the end of each session: 

(a) Which test did you like most? 
(5) Which test did you like least? 
(c) Are your eyes tired? (If the answer was "yes," the examinee 

was asked if this applied to the left eye, right eye, or both.) 

j. COLLATING THE DATA. The data from interviews, testing, and 
personal records were collated by the data clerks. The visual acuity 
tests were scored in two ways at this time: number right to three con- 
secutive misses and numiber of attempts. In later treatments of the 
data other scori ng formulae were investigated. These will be discussed 
below. All of the accumulated data were checked oefore the final field 
operation, coding. 

k. CODING. All of the data were coded in the field for punching on 
IBM cards. The items so coded included the 23 points mentioned 
under / above, and the test scores. A sample code sheet which was 
used for this purpose is shown in appendix C. 

/. RBTKST. All of the foregoing procedures were applied in the 
rctcst sessions except as noted. Another important variation in the 
retest sessions was the abbreviation of the orientation and test instruc- 
tion. For these sessions, all but the most essential parts of the instruc- 
tion was eliminated. 
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Section V. RESULTS AND DISCUSSION 

Three major studies were made of the data collected at Fort Dix: 
Determination of test-retest reliability by seven different scoring 

methods and examination of the relationship between methods. 
Factorial analyses of three Intel-correlation 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 commercial devices as well ax phoria 
and stereopsis tests5 we also present factorial analyses of data col- 
lected at Submarine Base, New London, 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 AGCT and letter test scores, ncd the upinions 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 determina- 
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 who were tested and retesled 24 hours later re- 
liability coefficients were computed in the formal Pearson product- 
moment rs. These are presented in table IV for each of seven methods 
of scoring studied. Thß methods, described briefly at the foot 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 retcst by 
each of the scoring methods are given in table V, 

Most of the tests show adequate reliability if: a correlation of 0.H0 
or higher is accepted as adequate. From table IV we see that correla- 
tions differ considerably depending on the method of scoring em- 
ployed. However, all but four tests have reliability i-oeflicient« of 
0.80 or higher by one or another scoring method. The four tests which 
have unsatisfactory reliability in their present form are: 

TEST 4. Quadrant Variable- Contrast, with reliability coefficients 
ranging from 0.41 to n.r>8 by the different methods of scorning. 

TEST (5. Triangle Discrimination, with popflicienls ranging from 
0.G5 to 0.75. 
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T7CKVR 1%—Reliälrilitie8 of 13 viaum ie*t* and tk&prac4iet1eUmth-=6^methods=ijlfr 
scoring (N=261) 

[Showing tcst-retcst correlations (Pearson product-rhohiehi) for 13 vision tests.and the practice test by 7 
methods of scoring.   The tests wero given 24 hours apart] 

Test 
Scoring method 

Method 

A U C D         E F G 
adopted 

1   Practice (*§•• 0.60 
.09 

0.76 
.84 

0.80 
.82 

0.76 
.78 

0.75 
.83 

0.74 
.80 

0,!80 
.88 

C 
2. Army Sncllcn „__ C 
3. Dot variable size«  .84 .86 .88 .85 .92 .85 .85 C 
4. Quadrant  variable  con- 

.58 .54 .59 .53 .41 .57 A 
5. New Xiondon letter ._ .69 .84 .84 .81 .83 .op .88 C 
G. Triangle discrimination., .68 .73 .72 .65 .66 — — -*— — .69 A 
7. Bausch and Lomb check- 

79 .80 .81 .76 .75 .76 .79 C 
S. AAV letter  .78 .87 .89 .85 .88 .87 .89 C 
9   Line resolution    ___. - .75 

.49 
. 84 
.45 

.86 

.40 
.83 
.32 

.83 

.30 
.83 .85 

.43 
C 

10. Dot variable contrast  A 
11. AAF constant decrement- .72 .83 -S4 .82 .84 .87 C 
12. Square discrimination  .42 .42 .43 .37 .33 .44 A 
13. Checkerboard     variable • 

grid „,....  .S4 .82 .S5 .81 .76 .83 .81 C 
14. Vernier acuity . . . 74 .80 .76 .69 .73 

1 
.80 C 

Scoring methods 

A. Number of rights to the first miss. 
B. Number of rights to the first miss plus number of attempts. 
O. Number of rights to 2 consecutive misses. 
D. Number of attempts to 2 consecutive misses. 
JS.  Number of attempts up to the first point following which 3 of 4 items are 

missed. 
F. Line number after which at least 50 percent of the items are missed.    Not used 

for tests 4, 6, 10, 11, 12 and 13. 
G. Number of Tights to 3 consecutive misses. 

TEST 10. Dot Variable Contrast, with coefficients ranging from 
0.30 to 0.49. 

TEST 12. Square Discrimination, with coefficients ranging from 
0.33 to 0.44. 

These four tests are, interestingly enough, those with the fewest num- 
ber of items (10, 2-Q, 10, and 16, respectively). In addition, two of 
thorn, tests -6 and 12* ffive idse to distinct confiffurat.ionnl 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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Browir prophecy iortntula we can estimate the reliabilities öf longer 
tests from the known reliabilities of the iit«sent versions. These estir 
mates are given in table VI for tests 4, 6,10, and. 12. In this case we 
have estimated reliabilities for tests doubled in*length and have used 
the highest reliability obtained for the present versions as given-in 
table VI. - 

TAntE VI.—Pretent lett-relctl reliabilities for 4-,vision tests and estimated reliabilities 
for comparable tests of twice the present length, by Spearman-Brown prophecy 
formula 

Tost 

•1. Quadrant Variable Contrast. 
0. Triangle Discrimination.,.. 

10. Dot Variable Contrast  
12. Square Discrimination...... 

Present 
number of 

item's 

10 
20 
10 
16 

Present 
r's 

0.59 
.72 
.49 
.44 

estimated 

0.74 
-.84 
.66 
.61 

From the estimated reliability coefficients in the last column of 
"able VI we .see tluit doubling the length of test 6, Triangle Discrimina- 
tion, raises its reliability to O.SA. This is more satisfactory than the 
present finding. As for doubling the other tests, some improvement 
i.s predicted but not enough to attain the arbitrary level we have set 
for .satisfactory reliability, namely (ISO. However, evaluation of re- 
liability 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 reliability of the tests cannot 
be thoroughly evaluated. 

In terms of validity, some of the tests used in the current study may 
lx» expected to be more valid for given prediction purposes than others. 
Tf  1 ni-Aves to be the case, such tests may De userni even xiiöügn a io^r   V.r.   ^M 

wide range of reliability 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 
reliability may be expected to show greater improvement in validity 
following an increase in their reliability than those whose initial 
reliability is high. For example let us assume validity eoefficents of 
about 0.50 for all of the present tests. If die Quadrant Variable Coii- 
trast, with present reliability 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 example a validity of about 0.56 may be 
expected. Compare this with what may be expected in the way of 
improvement for a tost with initial reliability of 0.80 and validity of 
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O.$0.! The validity expected in this ease will lie of the Older of 0.53 
^hile reliability shoots to 0.89. Fromthis example, it is apparent that 
unreliable tests gain proportionately more when lengthened than 
do those with high reliability. It is apparent that validity should be 
considered along with test reliability. 

A second consideration in evaluating reliability is die degree to 
which any test may be found to measure different factors or aspects 
of, in this case, visual ability. As will be seen in the dismission or the 
factorial analysis in the sections below, tests may be found which 
measure several aspects of visual ability as well as other unknown 
factors. If the goal of measurement is to measure such aspects in 
pure and reliable form to predict performance on the job, it may 
become important to revise selected tests to improve their prediction 
for certain purposes. Tfntil we know for which aspect we need 
improved tests, an arbitrary size of reliability set at 0.80 is not too 
meaningful. 

It is one thing to speak of improving tests und quite another to 
construct the new items or add similar ones to the scale. In light of; 
the difficulties encountered in constructing and using the present forms 
a word of caution seems in order. Only by the employment of new and 
more exact techniques for scaling brightness discrimination items will 
mass production of such tests be accomplished. Large scale produc- 
tion of checkerboard items seems equally unfeasible by the methods 
presently employed. Finally, the present chart forms are felt to be a 
block to improvements in reliability because of limitations in size. 
Certain items such as the triangles, squares and vernier crosses were too 
close together. Increasing the space between items will lead 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? From table IV there seems little to choose between aiethods 
G and C with respect to highest reliabilitv. Letter tnsL«; »PP. «lio-htlv 
higher by method G, but other individual tests «re slightly lower in 
reliability by this method. Method A gives the highest value for test 
10 Dot Variable Contrast and about the same value as method 0 for 
test 4 Quadrant Contrast. In the case of these t wo tests as well as the 
square and triangle tests there is some logic in choosing method A 
because the items were presented one for each stimulus value. After 
much consideration, and perhaps for tenuous reasons, we adopted the 
methods shown in the last column of the table. 

At the time of adoption method G had been overlooked. lAs a result, 
the two factorial analyses of Test and Betest intercorrelations were 
completed on the basis of the methods adopted as shown in table IV. 
The final factorial analysis of 531 cases who were tested only once was 
made of .scores based solely on method (r.    As we shall sec this made 
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little difference in the results of 
and other reported studies were also based on the G method. 

Some light is thrown on the comparative value of the scoring methods 
by an analysis of the intereorrelaftions between them. Although these 
are available in detail, they are considered too extensive for inclusion 
in this report. In general, scores by the various methods are highly 
intercorrelated. This is especially true between first-test scores by the 
different scoring methods and the retest scores by those methods, 
First-test against retest correlations were, of course, lower, repre- 
senting 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 
analyses parallels that of the three experimental treatments: Test, 
RetOst, and Test-only. Two intercorrelation matrices, Test and Be- 
test, were computed from scores attained by 261 cases so treated. 
The third was computed from scores attained by 531 cases who were 
tested but not retested. Each original matrix is presented in tabular 
form with the factor loadings and residual intercorrelations when the 
factors were extracted.   The three tables are: 

Table TIL 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. 

Table Till. Intercorrelations (lower left of the matrix). Resid- 
uals (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 cages tested 
once at Fort Dix,.*N". J. 

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

In factor analyzing these data a group factor method was used to 
derive the aspects which make meaningful the relationships repre- 
sented by the original intercorrelations. In this process a minimum 
of rotation was required (at most 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 degrees for the 
variance in test scores on Uli. 14 tests (practice having been included) 
other than that contributed by specifics, which are unanalysable in 
the current residual matrices, and error or lack of reliability. Each 
factor will be discussed in turn. 

a. F.u-j'ua I—RKTINAI. RKSOMVJMON.. Scores on all tests are depend- 
ent in general on this factor. Loadings on this aspect of visual acuity 
range in size from 0.34 to n.03 for all three analyses and variously 
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account for from 11.6 to 86.5 -percent (square of the loadings) of the 
variance in test scores. The tests having been rearranged for pur- 
poses of segregating those which cluster with lughest loadings on each 
factor, it car. be seen that the first eight tests (7,13, Ö, 8,2,11,3, and 9) 
have the liighest löädinp oil factor I. Included in this -group- we 
find that two checkerboard tests, all four tetter tests and thedoJUnd 
line resolution tests. In these tests, with only slight differences among 
the three analyses, factor I accounts for from 67.2 to 86.5 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 of the vari- 
ance.) The other tests, the two contrast and square and triangle dis- 
crimination 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 I. 

What is this aspect that so generally accounts for variance in 
score on all the present tests? It looks like a general ability to dis- 
criminate no matter what is being seen* It may be willed ability to 
discriminate between a differentiated and an undifferentuiled area 
of the visual field. Since the tests for which this factor explains the 
greatest amount of variance predominantly involve what has been 
called retinal resolution, this name is suggested. However, before 
adopting the title, it is Avise to examine another rationale. The two 
checkerboard tests (7 and 13) were standardized before their use in 
the present study to eliminate brightness differences of one or an- 
other part of the items -sis 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 tests 
were highly loaded on factor I while showing near zero or slightly 
negative loadings oh factor XI (briglvtness). This is additional evi- 
dence that this factor is one involving discrimination of spatial pat- 
tern and it is called retinal resolution. 

(1) Test -purity. The degree to which any tests measure retinal 
resolution, more or less free oi other factors, requires ji look at the 
loadings on other factors. IVe have found that the checkerboard 
tests (7 and 13) are free of the brightness aspect. It -also appears that 
these- two tests show near zero loadings 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 is 
desired. First, it is obvious that just any old chart will not do. Some 
tests which have been construed to measure this function have load- 
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iiigs, to be sure, but relativelif siiyillei- amounts of score vanwic*ö:afe 
accounted for by retinal resolution. Such tests ate contrast and form 
discrimination tests (4.10}-6i( and 12). To use these tests to measure 
factor I is to invite troubles. A second point is the advisability to 
pick easily constructed teste to measure this ability. Why^slave'över^5 

letter tests which offer such problems in equating letter difficulty, 
when the checkerboards 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 loading* over the three samples. The first fac- 
tor, retinal resolution, has quite consistent loadings for ail the tests 
as we move from sample'to sample. Loadings on this factor tend to 
b& slightly higher for the retest and test-only samples than for the 
test sample. The larger sample in the case of test-only (531 cases) 
and greater intra-indivicinal stability in the retest group may account 
for the generally higher intercorrelations obtained in these analyses. 

b. FACTOK n—BBICHTXKSS DISCRUCTN-ATJOX. The highest loadings 
on tins factor in all analyses were found on the two brightness contrast 
test« (4 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- 
criminntion having loadings ranging from zero to insignificant posi- 
tive values with one glaring exception. The Army SneUen (2) has 
a rather significant loading (0.29) in the analysis of first-test data 
l<or some reason -7.S percent of score variance on this test is accounted 

.,., v..v: 1/iipnu,««) ^HVUOL in wii» aiiuijsis. xtppareiTciy brightness 
cues were present in the test. This is conceivable andmay 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 
lias barely significant but rather consistent loadings are 6, 12, and 1. 
In these tests up to about 7.8 percent of the variance is accounted for 
by brightness discrimination. The loadings for the checkerboard 
tests (7,13) cluster aroundzero. 

The explanation for the loadings of this aspect of vision on the line 
resolution, dot variable size, vernier, and practice tests (9, 3, 14, 1) 
seems rather simple, In all these as well as the contrast tests correct 
response is a. matter of seeing "place where" a darker or lighter area 
appears. Tims in the clot variable size test the place where a slightly 
darker blur appears may be correctly called after all clarity of the 
dot appearance has vanished.   If this mode of responding is accom- 
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plished by eye movements} such a response should he enhanced by 
bringing into play other populations of end organs. This -may account 
for the consistently higher loadings on the line resolution test (9). 
Ill this case the line (always of constant length) may he considered 
a series of dots which when moving about as a retinal image would 
by change cover greater populations of end organs than in the case 
of a single dot. Similar explanations may be offered for loadings 
on the vernier and practice tests (14 and 1) and in -the more visible 
ranges of the discrimination tests (6,12). In all these cases correct 
responses do not always depend on clearly seeing the object as pre- 
sented but may he made on the-basis of where the items appear darker 
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 objects 
become blurred for any reason whatsoever the test is over unless by 
some chance brightness cues are present in certain unstandardized 
items. 

(1) Test purity. This might better have been labeled test impurity, 
for no tests were found which measured the brightness discrimination 
factor alone, iii fact, for all of the instruments on which this factor 
has significant loadings, the amount of.variance in score accounted for 
is always 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, 33.0, 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. It is apparent 
that in their present form the contrast tests measure resolution to a 
greater extent than they do the brightness discrimination factor. This 
indicates that such tests require a great deal of spatial localization in 
the retinal resolution sense. In the- case of the ouadrant contrast teti 
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 discrimination test: simply make the 
response independent of spatial pattern or as it has been called "edge" 
discrimination. This was obviously not accomplished in the present 
tests. "Present" or "absent" in large unstructured areas rather than 
"present here" or as an "arrow x)ointing" 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 suflicienl 
validity. 

(2) Condstency of loadings. The brightness discrimination factor 
loadings are generally lower for the retest analysis than those for the 
first-test analysis.    The rather significant loading on Army Snellen 
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(0.28) diminishes to insignificance (0;07) on retest. UMs; indicates 
that first-test performances included more responses actively asso- 
ciated with brightness discrimination (eye movements or deviation 
from trying to see the exact nature of the objects) than in thecafee of 
retest For the larger sample of test-only £531 cases) the loadings on 
brightness discrimination are of about the same order..of magnitude 
as those found for the retest sainpie. Because of the greater number 
of cases with higher initial intereorrelations the results of the larger 
test-only analyses are probably closer to the "true" values than are those 
of the first-test analysis» 

c. FACTOR JH—FORM: (LETTER) PERCEPTION. This factor has con? 
sistent, rather significant, loadings on all the letter tests (5, 8, % 11). 
The amount of letter test score variance accounted for is not- high, 
ranging from 4.4 to 15.2 percent. The practice test (1) also lias 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 surprising and lead one to believe that 
Ulis aspect is a "letter perception" factor. Before jumping on this 
name, however, let's look at some more evidence. With few exceptions 
the factor has near zero or insignificant positive loadings on all other 
tests. Exceptions 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 
seems to be tied up mostly with letter objects, but it likely will be 
found in a 113' lest in which form naming is involved. Some evidence 
for this is found in the analyses of data from commercial devices 
given in the next section of the present report.   In these analyses the 

M 

Tele-binocular 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, squares, stars, circles, and crosses. This, as in the 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 include other whole-patterns as well. 

If such is the case, the influence of past experience 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 (vocabulary) factor, but 
this is 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 
explanation is to be found in the low factor loadings found on this 
factor.   Too small an amount of test score variance may have been 
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T liwöup^n^iby^lieforip fetter) factor tö show appreciable cöfrelia- 

tion between the letter tests and AGGT. 
(1) Test purity. It is doubtful that this perceptual factor will ever 

be measured in a pure form. Retinal resolution will -always be re- 
voked to alarge extent in ail 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, and 11 whereas retinal resolution accounts 
for 70.6 to 81 percent of the variance on the same tests. However, 
whemthe eyes can be corrected and resolution more or less mechanically 
partialed out, certain tests should do a better job of measuring this 
factor*. They should not depend on diminishing size of the objects 
but rattier 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 bo considered in any evaluation of 
them. 

(2) Consistency of loadings. Loading of the form (letter) per- 
ception factor on 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 analysesof results of several days of repeat testing. Such a study 
lias been made with tests being given to the same group on 5 consecu- 
tive days. The data has not been analyzed. It will be interesting 
to note the effects of such repetition on this letter factor as well as 
the other three. 

d. FACTOR IV—SDIPüB Foiot PjutCKrarox. This factor has con- 
sistent significant loadings on the Triangle 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 S.4 to 21.2 per- 
cent of test score va riance. The existence of th is factor as disti net from 
the form (letter) perception factor is interesting since initial assump- 
tions lumped the two together. 

Factor IV, having significant loadings on the two test« ((> and 12) 
in which curved sides are discriminated among rectilinear ones, is 
named Simple Form Perception. It differs from factor HI in the 
sense that the form (letter) perception aspect is associated with tests 
of identification of whole objects whereas the present factor has high- 
est loadings on tests in. which a simple visual judgment (curved sides) 
is made about a constant object (triangle or square). In the case of 
the Square Discrimination test (12.) both modes of response- are pos- 
sible, at least in the early stages of the test. An examinee may tell 
which object has "curved sides" (factor IT), 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 measures factor III 
to some extent (4.4 percent of variance) as well as factor IV (20.6 
percent of variance). 

Factor IV accounts for from 8.4 to 21.:$ percent of test -score variance 
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on tests 6 and IS. On other tests the loadings are insignificant or so 
inconsistent as to defy explanation. 

(!) Test -purity. As in the case of the letter perception factor, this 
factor is impurely measured by the tests employed. This is uHaxpid= 
able since the tests are so obviously dependent on factor I, retinal 
resolution. Then too, some infusion of factor II, brightnesses noted. 
Apparently, there is some possibility of response oh the basis of dark 
or bright areiiis of the triangles and squares. Finally, as we have men- 
tioned, there is a possibility of impurity arising when the task becomes 
one of discriminating whole objects (factor HI). 

(Q) , Consistency of loadings. As indicated above, the loadings for 
all tests except G, 12, and 14 are consistently low over all three sam- 
ples. The loading for test 14 (Vernier) is low in the "First Test" 
and "Retest" samples, but unaccountably rises in the "Test-only" sam- 
ple. However, this loading is still low. Tests G 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 loadings for all the others, that this factor is defined. 

e. Sr>rMAin\ Four factors are independently measured by the 14 
tests employed in this study.  They are: 

I. Retinal Resolution. 
IT. Brightness Discrimination. • 

HI. Form (Letter) Perception. 
3V. Simple Form Perception. 

Factor I. Retinal Resolution, accounts for most of the score variance 
on all the present tests. This factor is measured quite purely by tests 
7 and 1!J. These two clu-ckerboard tests are the best instruments for 
measuring far (20 feet) retinal resolution. Letter, dot, and line tests 
(5. 8, 2, 31, 3, jind fl) measure this factor to about the same percent 
of score variance, but measure other factors as well, namely, bright- 
ness discrimination and form (letter) perception. Turning to the 
other factors, we find they are measured to a smaller extent and always 
with impurity since the tests always measure factor I as well. Bright- 
ness discrimination is measured best by the two brightness tests (4 
and 10) but on other tests, such as line (9) and vernier (14), the factor 
has significant loadings. This suggests that this factor is measured 
in all tests in winch judgments of "place where" darker or lighter areas 
appear lead to correct responses. 

Form (Letter) Perception, Factor III we find associated with all 
tests in which whole objects are 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 
has highest loading on the letter tests. 

Factor IV, »Simple Form Perception, is an aspect of visual ability 
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dealing with more basic line form discriminations withln the whole 
object but independent of the name of said objects. 

Factors I and II seem to be definitely associated with retinal and 
lensatic phenomena. In the case of retinal resolution a definite spatial 
pattern seems to be ijlvoived, whereas brightness discrimination seems 
less structured. Factors HI and IV are 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 barely scratched the surface 
of this important ability area. 

/. WAfcinxG. 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 determining retinal resolution as an indicator of the 
adequacy of lensatic and retinal mechanisms of the. eye, two tests of 
the present group will serve, 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 Tests 

1. Bausch and Lomb Checkerboard (7) : percent 
Retinal Resolution ,_  SI. 0 
Brightness Discrimination  0. 0 
Letter Perception  0. 0 
Line Form Perception . :__ 0. 0 
Specific and Error  19.0 

Total 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 lack of reliability in the present measure. 
(NOTE.—The Checkerboard Variable Grid test performs in an identi- 
cal manner in tliis analysis.) 

2. AAF Letter Test (S) : Pmeal 

Retinal Resolution  70.2 
Brightness Discrimination—.— ^ 01.2 
Letter Perception  10.2 
Line Form Perception _,  0. 0 
Specific and Error    _ 0. -i 

Total  mo. 0 
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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. 

3. Line Resolution Test (9): percent 
Retinal Resolution--—-——^. ^  77". I 
Brightness Discrimination «  9.6 
Letter Perception . 2.6 
Simple Form Perception  0.0 
Specific and Error—— -----~  10.4 

Total  100.0     ' 

'In addition to resolution, this test measures some ability to utilize 
brightness cues which destroys its purity in measuring the resolution 
aspect.   Form (letter) perception is also apparent to a slight degree. 

Brightness Discrimination Tests 

1. Quadrant Variable Contrast (4): percent 
Retinal Resolution  42. 3 
Brightness Discrimination  IB. 7 
Letter Perception  0.0 
Line Form Perception   0.0 
Specific and Error  44.0 

Total 100. 0 

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

2. Dot Variable Contrast (10): percent 
Retinal Resolution  34.8 
Brightness Discrimination  16.0 
Letter Perception  0.2- 
Line Form Perception —~  0. 3 
Specific and Error—~,  4«. 7 

Total 100. 0 

This test, showing the same pattern, is even less reliable than the pre- 
ceding one. 

3. Vernier Acuity (14): Percent 
Retinal Resolution—-, .  64.0 
wrtifii-i/iurss jyzisi'ivnuimaitAjn, ———------ 1U.Z 
Letter Perception—  5.8 
Line Form Perception  3.6 
Specific and Error—  16.4 

Total   100.0 

This test, while never considered as predominantly measuring bright- 
ness discrimination ability, seemingly measures this aspect to a greater 
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degree *han prevJtously expected. Among the tests i fc seems the one 
most prone to measure, to a greater or lesser extent, all the aspects dis- 
covered. Thus, it aiffords an examinee opportunity to attempt the task 
in many alternative ways. There is virtually no specific left in this 
test after the present analyses making it very improbable that in- 
clusion of more vernier teste in a battery will produce an additional 
specific vernier factor. 

Form {Letter) Perception Tests 

New London Letter (5): rmwt 
Retinal Resolution _ ~  7a, 2 
Brightness Discrimination ,~. .— 0.0 
Letter Perception  0.3 
Line Form Perception  0. 0 
Snerific and Error -- IT. 0 

Total  — -— UK». () 

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

Line Form Perception 

Triangle Discrimination Test ((5) : percent 
Retinal Resolution .--.  -1(5.2 
Brightness Discrimination.  _-_     3. ö 
Letter Perception ,_ ,__     0.1 
Line Form Perception ,_  JO.g 
Specific and Error „__  39.9 

Total   .__ ,_____„_ 100.0 

As a test of line form perception this test as well as the Square Dis- 
crimination test (12) is far from pure {resolution «IG.2 percent of 
variance) and is rather unreliable in its present structure, 

g. FüTüBB AHEAS OF FACTOKIAL. SKAKCH. 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- 
crimination (II) can be developed along lines eliminating resolution 
in the sense of spatial pattern of the test objects. Beyond these fac- 
tors, wjiich are correlated with physical and physiological properties 
of the eye, lies an area concerning the utilization of the patterns made 
available by the eye. In terms of variance in responses to everyday 
visual situations, analysis and test development in this perceptual area 
may develop important bources of individual differences once the eye 

60 

, 

lias been corrected.   It remains for validity studies to point out the 
way for future efforts in both areas. 

3. Factor Analysis of Visual Tests by three Commercial Devices 
a. DATA. Data in this paragraph of the report were collected by 

United States Navy personnel at the Medical Research Department, 
United States Submarine Base, New London, Conn. A report "Visual 
Acuity Measurements with Three Commercial Screening Devices," 
Bureau of Medicine and Surgery, Research Project No. X-493 (Av- 
263-p), describes the instruments, tests, and the three screening de- 
vices. The rests were administered to 128 persons, mostly naval per- 
sonnel and mostly male. Distributions and reliabilities are presented 
in 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 (JPD) was related io phoria measurement as a minor 
problem. 

The three- screening devices were the Bausch and Lomb Orthorater 
itwo machines), American Optical Co. >Sightsc7'eeiier, and Keystone 
Tt'h'binoeitlar. 

The present report extends the analysis of these data by means of 
factorial analysis. For purposes of convenience the following sub- 
groups of tests were treated independently: 

(1) Table XI. acuity testa, left eye. This study includes both test 
and retest correlations for all wall and machine charts and the average 
foronenear-and one far wall chart. The tests included are: 

2 Vvnil charts, far. 
1 Avail chart, near. 
4 machine charts, far. 
4 machine charts, near. 

(2) Table XI7', acuity tests, right eye. This study includes the same 
data as for left eye. 

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

2 wall, charts, far. 
1 wall chart, near. 
3 machine charts, far. 
0 machine charts, near. 
i machine charts, far depth. 
J machine chart, near depth. 

The above tables give the original intercorrelations and the residual 
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correlations based upon factor loading reported in table XIV for all 
three studies to facilitate comparison. The variables, winch are listed 
only oy number in table XI, XII, and XIV, are named in table XIV. 

(£j Table XF, pkvi-M tests, orihörasw versm madäötö rod tests, 
with age as a control variable. Tests and the control variable included 
in thislstudy are: 

4 far vertical plioria tests; 2 from Orthorater (plus one retest) 
and Maddox Kod. 

4 near vertical tests, same. 
6 far lateral phoria tests, 1st Orthorater (with S|)ecial far ex- 

clusion measurements, test and retest), 2d Orthorater (plus 
retest), and Maddox Kod. 

6 near lateral phoria tests, same us far lateral and, age in years. 
(5) Table XVI, plioria teste. tliree devices, with inier pupillary- 

distance as a control iwiable.   The tests and control are: 
6 far vertical phoria tests, 3 machines (plus retesls). 
4near vertical pliöria tests, 2 machines (plus retests). 
6 far lateral phoria tests, same as far vertical. 
4 near lateral plioria tests, same as near vertical and, interpu- 

pillary distance. 
Tables XV and XVI again present only intercorrclations and residuals 
based upon factor loadings. These are brought together in table XVTI 
for comparison and supplementation. The variables are named in 
table XVTI. 

And finally, to permit the establishment of the degree of overlaps 
of factors on certain selected tests, we have— 

(6) Table XVIII, factor integration matrix. This study includes— 
3 far acuity tests, 1 wall and 2 machine charts. 
3 near acuity tests, same. 
2 far depth tests; machine-, 
1 near depth test, machine. 
4 near lateral phoria tests, 3 machine plus Maddox Rod. 
3 near vertical phoria tests, 2 machine plus Maddox Sod. 
2 far lateral phoria tests, 1 machine plus Maddox Rod. 
2 far vertical phoria tests, 1 machine plus Maddox Rod. 

Again, table XVIII gives only intercorrelations and residuals while 
factor loadings are reported in Table XIX. 

All factors are orthogonal and have been rotated to as near simple 
structure as the orthogonal framework permits. 

Z>. FACTORS IN ACUITY TESTS. Table XIV shows that the correla- 
tions among the acuity tests f 1-26) can be explained by one general 
and three common factors. 

(1) Retinal revolution. The general factor, A, has .significant load- 
ings on all acuity tests (1-2(5) and on all depth tests (27~:5(5) as well. 
The loadings are highest for the far tests (1-13) and slightly lower 
for the depth tests (27-30) than for tho near tests (14-26)*.   This 
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TXBLE XIV.—Summaryof acuity and depth factor loadings 
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03 
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-- - \l 33 

29 
30 

Far Depth, Telehloocular 
Tar Depth, Telealßoctilar, Ptteat 

H 
*9 

— — 
00 

-01 
-- .. •U 
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•- — JO 

21 
~ — 32 

35 
13 
10 

31 
32 

Far Depth, Oriscr»t*r, 1 
Tar Depth, Crlheratar, 1, Bettet 

19 
52 

— -. 
CO 
09 

- — 11 
01 .. - 01 

03 _ _ 61 
to 

CA 
•CA 

33 
3* 

Tar Depth, Ortherater, 2 
Far Depth, Ortherattr, 2, Feteat 

11 
13 

— .. -01 
•05 

-- " CA 
10 

- - •02 
01 _ „ 

u 
(A -CA 

35 
35 

Sear Depth, Sight Sere«s«r 
Stur Depth, Sight Scrtesar, Fettet 

36 
3» 

- « 
20 
73 — -- CA ~ • — 09 

19 
- — 63 

Co 
52 
5» 

•B - fclnccular 
L  - lift 
B - right 

factor is undoubtedly the basic measure of visual acuity, and is accord- 
ingly named Retinal Re-tolution. The high loadings of this factor for 
near and deptli tests indicate tiiat these tests are greatly influenced 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 (14r-26) and on the hear depth tests (35-3G) as well. Aside from 
a few almost significant loadings on SioriitscL,een"r ''"iQ-rn mwl TAW».- 

binocidar (12-13) far tests, the loadings for far tests, and the far 
depth tests are negligible or zero. Since the factor is highest or present 
on only near tests and since it is present for monocular (L and R) as 
well as for binocular (B) tests, the factor is easily identified as a lenz 
accommodation factor. 

In 23 of 2K opportunities, the accommodation loadings arc higher for 
the right eye or binocular vision than for the left eye.   This finding 
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indicates that ;the dominant eye (usually right epj ^hW^BBTIiötdiiig; 
role in this function. 

The few just nonsignificant loadings (0.15 and 0.20) for right eye 
and binocular sightsereener far tests indicate a possible technical de- 
fect in the instrument. It would appear that the lenses are set under 
20 feet equivalent, thus requiring some extra accommodation by the 
normal subjects* It must of course be kept in mind that the error was 
found for only this one machine 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 resolution accounted for from 56 to 81 percent of the test score 
variance. 

The nearly significant negative loadings ( — 0.15, —0.15, —0.24, 
— 0.25) on the Telebinocular f or acuity tests (12 and 13) will probably 
he repeated, however, whenever this particular plate is used. The 
error here is 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 arises from the solid 
blade field presented for the nontested eye. The test card presents no 
cues for distance fixation. Examinees 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 loadings 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 {letter) perception. Factor G has significant loadings 
on all wall charts which are also all letter charts (1-5 and 14-16). 
Significant or near significant loadings appear occasionally on machine 
letter charts (10-13, 21-22, and 25-26). Similarly, near significantly 
positive "loadings (0;17 and 0.18) appear on the Telebinocular hear, 
circles, test which requires form discrimination as between fields 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 nearest 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 level (probably relatively easy). 

Loadings for Form (Letter) Perception are higher for the right eye 
or both eyes for far tests (1-5) where retinal resolution is the only 
other factor measure. This would indicate the leading role of the- 
dominant eye in this function as was the case for accommodation. 
However, for the near tests (14-16), where accommodation as well as 
resolution is also required, the loadings are heavier for 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 accom- 
modation activity somewhat suppressing the form perception. This 
explains the fall in percent of test score variance accounted for by this 
factor (from about 16 to about 6) for right and both eyes, whereas for 
the left eye the percentage actually rises slightly. , 

A possible explanation of the negative loadings for the Telebinocular 
depth test is that subjects who were good at form perception and con- 
cen'iratedattenfcion onidentification 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 
on the Orthorater acuity tests (6-9 and 17-20), but occasionally ha« 
nearly significant loadings on Sightscrcencr ftud Telebinocular tests 
as well. (NOTE.—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.) Mre might, 
therefore, call the factor simply a Machine Factor. But to so name it 
would not be very helpful. One or more elements known to interfere 
with visual perception can be found in connection with all test chart* 
used in these mach ines.   Some of these elements a re: 

(a) Inhibitory effect of large black areas in the visual field. 
(b) Distmhance due to sharp or marked boundaries surrounding 

the stimuli. 
(e) 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 eyes. 
(e) Distraction due to effect of bright areas near the stimuli. 

A factor common to scores made under such varying distracting con- 
ditions is tentatively identified as Resistance to Interference. 

The trend for the loadings in this factor to be higher on retesfc than 
on original test (true in 18 of 26 opportunities) indicates that this 
source of test score pollution tends to increase as the subject relaxes 
his vigilance when the material is more familiar. Thus for these tests 
we have decrease of efficiency with practice. This finding is borne 
otit by the actually decreased means of Orthorater lest scores on rctest 
reported in OSRD Rqport No. 3960.* 

The trend for such loadings to he higher for Che left eye (12 of 16 
times), indicates that subjects are more resistant when using the domi- 
nant eye. 

*A Testetest Reliability Study of the Buusc-h and Lumb Orlliorntoi- with 
Naval Personnel, Applied Psychology Panel, >JDIt(\ August 10-M. 

1 o. FACTORS IN DEPTH TESTS. (1) Bepth perception. "Factor E 
shows loadings on all depth tests and only on depth tests. It seems 
evident, therefore, that we are dealing here with Depth Perception. 
The loadings, however, vary from only moderate down to barely sigr 
nificant. Although these tests are labeled depth tests, the variance of 
their scores 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 Telebinocular, nonrelevant factors sach as Form Percep- 
tion and Resistance to Interference combined play a largeirrole than 
does Depth. Reception per sc. 

(2) Sightscrcencr depth specific. Factor F has significant loadings 
only on the four Sightsereener 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 0.38 remaining for the test-retest coefficient (29 with 
«'10, table III). The Orthorater specific is probably erroneously dis- 
sipated among the depth factor loadings due to the similarity of task 
to that presented by the Sightscreener. 

d. CAUTIOX IXDICATED. The above discussion of factors indicates 
that all present visual 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 bad the situation really 
is. J£O completely satisfactory test is available. The breakdown is 
according to percent of variance explainable by various factors. The 
pertinent factor and its numerical value are shown in italic. 

Far Tests: 

Sncttcn (RE) 
Percent 

Retinal  Resolution--    57. S 
Form (Letter) Perception-   25.0 
specinc ana liitror .—   1«.*> 

100.0 

Telebinocular (LE, Betest) 
Percent 

Retinal Resolution.    88. Jf. 
Form (Letter) Perception. 5.8 
Resistance to Interference^ 5.8 
Specific and Error—    50. 5 

Near Tests: 

New London (LE, Re test) 
Percent 

Retinal Resolution    37.2 
Accommodation—^    30.8 
Form (Letter) Perception-   15.2 
Specific and Error  IT   A 

XI    — 

100.0 

100.0 

Orthorater (RE, Retest) 
Percent 

Pnfinol    T?ocr»liiti/vn S4  ft 

Accömmwdaiion,    38. 4- 
Resistance to Interference-   12.2 
%j\JWl*J\r clllu- J&Ll-UI.-..- — — lA.fi. 

100.0 
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Depth TestsJ 

TelebinociiZar, Far 
Percent 

Retinal  Resolution.-_-— 16.8 
Accommodation -      
Form (Letter) Perception. 1.7 
Resistance to Interference- 9.0 
Depth Perception  10.2 
Specific and Error  62. 3 

100.0 

Sightscreener^ Near '•• * 
, Percent 

Uetinal  Resolution . 13.0 
Accommodation .  4. 0 
Form (Letter) Perception-     
Resistance to Interference- 0.8 
Depth Perception.,  39. 7 
Specific and Error  42.5 

100.0 
It should be noted that these tests are on the "whole fairly reliable. a/ 

Actual reliability coeilicients (test-ret est), for this sample, are: 
Snellen, Far acuity ..-___=_=  0/77 
Telebinocular, Far acuity ,  .7M 
New London, Near acuity ___   ._ .7.S 
Orthorater, Near acuity ___ .HT> 
Telebinocular, Far depth—  _.. .79 
Sightscreener, Near depth ,._. .. .7(5 

One must not be led, however, in,to mistaking mere reliability 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 ai*c to become really satis- 
factory. Furthermore, 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 of mppoxedhf measuring the same 
function. 

e. FACTORS rsr PHORIA TESTS. A few words as to the scales and 
methods used in measuring phorias is necessary to an understanding 
of the discussion of the factors. 

Horizontal phorias are measured on a scale where low si-ores repre- 
sent; extreme esophoria and high scores represent extreme exophoria. 
Vertical phorias acre measured on a scale where low scores represent 
extreme left hyperphoria and high scores represent extreme right 
hyperphoria. When the original measurements did not conform to 
this pattern scores were reversed to conform tö those definitions. 

A further difference, not resolvable by recoding, results from the 
treatment of the fusion problem. In the Sightscreener the subject is 
asked to report the farthest exmrsion observed at first glance before 
fusion brings the images to stable focus. On the other hand, 
Ortherater and Telebinocular measurements are usually taken after 
fusion has h^en maximized. One set of excursion readings was ob- 
tained on the Ortherater, however, and are included in This study. 
In tiie Maddox Rod, fusion is usually prevented by using an opaque 
card as an interrupter for the nonfocused eye. In this study the card 
was omitted, but fusion was probably not maximal. 
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Tables XV' and:XVI give tiie mfeTcotTelf^^ 
matrices of phoria tests. Table XV compares the Orthorater and 
Maddox Rod measurements while table XVI compares Orthorater, 
Sightscreener, and Telebinocular measurements. Table XVII shows 
the factor loadings used to obtain the residuals in tables XV or XVI. 
Three common factors of considerable importance, one other com- 
mon factor and 4. specific factors removed by the analysis are described 
below. 
* (J) Lateral phoria. Factor A has loadings on all lateral tests, far 
(17-27) and near (ÜH-38), and loadings are significant only for these 
tests. The factor appears then to be a general measure of Lateral 
Phoria. Loadings are higher on the far than on the near tests since 
the far tests measure only this general factor while the near tests all 
have loadings on a second factor (B) as well. The situation is 
analogous to the resolution-accommodation problem in far and near 
acuity tests. At far the Maddox Rod measures this factor common 
to all machine methods more poorly (24.0 percent) than does any 
machine (50.4 percent). Near tests do less well in general (6.2 per- 
cent to 49 percent of variance), 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 
loadings on only the near lateral phoria tests andso is given that name. 
Of these tests, p. 12*, TM .S-300, says: "This is-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 (32-33) have loadings as 
high as tests without such control (28-31). Since errors of refraction 
arc considered important for all phorias this, too, can scarcely be the 
added factor. The best theory is that this is a factor dealing with 
convergence 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 lateral factor. 

(4) YcrticaVrest." Factor D has loading only on the ofrginal tests 
for far vertical phoria. This may be due to better scores on original 
or worse scores on retest for those individuals whose defect was 
primarily due to refractive error and whose retest (afternoon) scores 
was consequently more affected by fatigue. The factor is not ex- 
tremely important but doe* account for the higher loadings for retest 
on the Hyperphoria (Vertical) Factor above. 
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(5) Orthorater {near vertical) specific. Factor E has loadings 
only on the three Orthorater near vertical tests.. It is some function 
specific to those tests. 

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

(7) Sight Screencr (vertical) specific. The Sight Screencr 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 Screencr vertical 
phoria tests. 

(8) Maddox Bod 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 reliability (test-retesl) 
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) Interpupillari/ distance. It was felt that this variable might 
be important for machine measurements, but was found to be. unre- 
lated to scores as measured by the present study. Since the fixed 
distances on the machines would be less 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. 

/. WARNING ON PJIOKIAS. 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 disshnilarities. 

Far Vertical: 
Orthorater (2) 

Percent 
Far Vertical    /fJh 0 
Specific and Error    55.1 

iOO. 0 

Maddox Rod 
Percent 

Far Vertical    IS. 5 
Specific and Error    81. 5 

100.0 

Near Vertical: 
Sightscreener 

Far Vertical ---=--=.=.—^ 
Specific and Error __. 

Far Horizontal: 
Orthorater (2) 

Far Lateral  
Specific, and Error  

Percent 
29.2 
7.0,8 

100.0 

Percent 
77. A 
22.6 

Orthorater (2)    • 
Percent 

Far Vertical.—.    29.-2 
Specific and Ermr„ *.      70.8 

100.0 

Near Horizontal: 
Tflehinorular 

100.0 

Maddox Bod 
Percent 

Far Lateral    24.0 
Specific and Error    76.0 

100.0 

Far Lateral  
fn-fiif.  Conn rgt'iu-i-  
Specific and Error  

Percent 
17.6 
J,9.0 
3.3. 4 

100. 0 

Orthorater (with Excursion) (1) 
Percent 

Far Lateral    30.2 
Inmf. Convergence    43.6 
Specific and Error ^   26.2 

100.0 

It would appear that here, loo, considerable further research seems 
indicated. 

g. Possi'iihi-: RIO.ATIOX.SUir- OF FACTOHS. Since the phoria factors 
were obtained from different matrices than those which yielded the 
acuity, depth, form, and resistance factors, it seemed 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, 
•J- near lateral phoria, 3 near vertical phoria, 2 far lateral phoria, and 
2 far Vertical phoria tests Avas 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 
xvm. 

In table XIX are reported the factor loadings which resulted in the 
residuals reported in table XVIII, along with the loadings (in paren- 
theses) obtained for the same tests in their original matrices. With 
the exception of the special Sightscreener depth factor and other 
specific factors, all important factors,- isolated previously in the sepa- 
rate matrices, reappear with loadings at least similar enough to leaAre 
all previous interpretations unchanged. 

(1) General lack of relationship. The Retinal Resolution, Accom- 
modation, Form (Letter) Perception, Resistance to Interference, and 
Depth Perception factors all have zero or near-zero loadings on the 
phoria tests. Similarly the Near Lateral (Insufficient Convergence) 
and Excursion (Anti-Fusion-) factors have zero loadings on all acuity 
and depth tests. 
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.  t  .'   rr3 (2) Lateral pkoriaandacGommodätiort. The lateral phoria factor 
does have consistent negative, although not quite significant loadings 
(-0.17, -0.17, -0.17) on the three near vision tests (4r-6). These 
loadings indicate a positive relationship hetween extreme etcophoria 
and difficulty on near acuity tests. This finding has bearing upon the 
accommodative theoitj of phorias, as set forth in TM 8-300, pp. 131- 
132, which holds that^- 

Esophoria and exophoria are manifestations of muscular asthe- 
nopia due to hyperopia and myopeia, respectively. In the hyperope 
accommodation exceeds convergence. The excessive or unused 
stimulation to converge. * * * may lead to convergence ex- 
cess * * * When the action of the fusion centers is lowered, 
one eye will deviate inward * * * In myopia the. reverse occurs. 
Accommodation is less than convergence. * * * When this oc- 
curs the urge to converge is wealc, as accommodation is the domi- 
nating impulse. The external recti soon take advantage of the weak 
convergence- stimulation and divergence excess results. When the 
action of the fusion centers is lowered one eye will deviate out- 
ward   *   *   *. 

Thus being high on the general Lateral Phoria factor, which means 
being higlüy 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 found in this 
study. 

(3) Vertical phoria and depth perception. The three depth per- 
ception tests (7-9) all have negative just nonsignificant loadings 
(-0.19, -0.12. and -0.12) on "the general Vertical Phoria factor. 
Of the relationship between phorias and depth perception TM 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 amount of enervation is interpreted into distance by the 
cerebrum just as it is in refractive errors, therefore the relative posi- 
tion of objects is inaccurately 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 circle (or other form) 
supposed to be discriminated as nearer-. Even though further lateral 
displacement takes place, the stimulus object should still -appear 

•highest (have-most displacement) if the phoria. is in the same direction, 
or the only flat object, if visual displacement was opposite and equal 
to printed displacement. 

In either case the stimulus object would be unique. In the case of 
vertical phoria however, the vertical visual displacement would be 
equal for all objects and all would appear equally solid.   If (his visual 
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vertical displacement were large in proportion to the printed lateral 
displacement, the latter might no longer be discriminated. Thus the 
low negative loadings. 

h. FINAI, "WARNING. In any case the two relationships are" of 
extremely small scope, accounting for only about 3 percent of the near 
acuity 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) Perception. 
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 study how well the 
tests worked as measuring devices are reported. Since no independ- 
ent criteria are 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 are there validity criteria to serve as a basis for evaluating the 
items. Tims 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. 

Two sets of data are presented: 
Frequency distributions of the scores on the 14 chart-type tests. 

These are 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 retest factorial analyses discussed in 
paragraph 2 of this section. 

Htm counts for 2 groups of 300 cases each, selected by systematic 
sampling with odd and even man-number as the basis. Each group 
of 300 was further divided into thirds on the basis of total test score 
(Method (T, number right to three consecutive misses). This resulted 
in high, middle, and low score groups of 100 cases each for the two 
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samples. Graphic item count« were made of each subgroup and the 
results are graphically presented in figures 31 through 44. 

a. FREQUENCY DISTRIBUTIONS. The initial impression from exam- 
ining figures 17 through 30 is that all the tests in one respect or an= 
other are lacking in the requirements of good measuring instruments. 

Most of the tests (1, 2, 3, 4, 7, 8, 9, 11, and 14) are obviously 
neeativelv skewed ineaninir that scores tend to pile up at the high 
score values (abscissa). This may indicate that the item values pre- 
sented in these tests are too easy for a large x>art of the group tested. 
Or it maybe that the "real" distribution of visual abilities tested are 
piled up in the same way. A third possibility is that the method of 
testing, starting with easy items and progressing through more and 
more difficult ones, may "push" the examinees to higher scores. In 
other words, the better e}Tes get considerable practice before the items 
become difficult enough to cause errors 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 difficult 
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 discrimination 
(6) is such a test, with 3.1 percent of the sample coming up with 
perfect scores. This test is not predominantly skewed in the negative 
direction. A test that is skewed, AAF Constant Decrement (11), 
likewise has a walloping group close to the top score («S.4?c» in the 
30-32 step interval). These examples reveal a basic weakness of: such 
tests; the items do not extend far enough at the difficult end of stimulus 
range. The "real" distributions of abilities in acuity are unknown 
and in any case will be a function of the scales employed to measure 
them. It is possible that individuals will tend to pile up at the positive 
ends of such scales. The distribution of previous left-eye Army 
Snellen scores cited in table I (see sec. H) indicates that this may 
have been true of this sample. Yet, the Snellen test by its very design 
can lead to the Impression that the x^opulation is skewed. In terms of 
the conventional fraction there are only two size categories of letters 
below the 20/20 line while six exist above 20/20. Naturally, there is a 
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 long 
tail in the negative direction. 

These effects seem to have been eliminated partially by the inclusion 
of more difficult 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 spreading out somewhat more toward the positive end of the 
scale, especially in test 13, and less tailing off toward the negative end. 
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However, there is an artif actual explanation öf the -latter effete; 
namely, these tests (and most of the other tests as well) started at too 
difficult levels. ' -    - •   .- 

"Which brings us to the second obvious deficiency of the tests^- 
bimodality. Teste 3, 8, 11, and 13 are good examples of this effect. 
Notice the percentages of cases which pile up on the lowest score 
interval on these tests (10.3,1Ä3, S;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 teste are too 
difficult 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 inspection 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 
201 cases. On the assumption that examinees who normally wear 
glasses represent a large part of the group for whom certain tests 
are too difficult, it was felt that exclusion of those wearing corrective 
lenses would eliminate the minor mode at near zero score and otherwise 
improve-the bottom half of the distribution. Table XX shows the 
frequencies and percentages obtained on test 13 by total group and by 
subgroups on the basis of continuous, for reading only, and no use of 
corrective lenses. Test 13 is chosen for this purpose since it has good 
spread at the difficult end of the scale. In table XX it can be seen that 
eliminating those who wear glasses from the sample results in an im- 
proved distribution 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, 
disfcribute in test score. Note that the}' concentrate most in the bottom 
half of: the distribution, and that it is on this part of the score range 
that they effect the total-group distribution. 

This analysis indicates that certain, test score distributions can be 
expected to improve..as the range of item values is selected to fit 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 
between 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 
apparent 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, thus eliminating the 
18 to 20 percent of the. people with lowest scores. Where the cut-oil" 
point is set depends, of course, on the validity found for given purposes 
and the selection ratios adopted. However, assuming validity, it is 
doubtful that switching to a scale which produces more normal dis- 
tributions will do any better job for screening purposes. 

TABLE XX.—Frequency table for test scores obtained on Checkboard Variable (irid 
Test (13) by groups who did or did not wear corrections and by lolai group 

[Based on first-test scores of 791 enlistee' men at Fort DixJ 

Test score 

Wear continuous 
correction for re 

K 

m-c:!»:; 

« 

a mm 

V 

Kiuiiji 

F      i     ',* 

42-44 _   ..      .   . 0 '    0 0 0 0 0 0 0 
39-41    .   _   .. 0 !    0 0 0 11 1. 7 11 1.4 
36-3S     -   - 0 i    0 0 0 s 1.3 .s i.O 
33-35     . 2 '    2. 7 o 0 M 2. 2 16 2.0 
30-32 -...   . 1 1    1.3 2 2.4 30 4.7 33 4.2 
27-29.     . 0 (    0 1 1.2 42 C. 6 "13 5.4 
24-26.....    - 1 ;    1.3 2 2.-1 85 13.4 SS 11. 1 
21-23   4 !    5. 3 10 12.0 148 23.4 162 20.5 
18-20 -  11 14.7 16 19.3 171 27.0 IAS 25.0 
15-17   5 

3 
6.7 
4.0 

12 
2 

14. 5 
2.4 

71 
15 

:   11.2 
|    2.4 

K8 
20 

11. 1 
12-14   2.5 
9-11 .-.-.. S 10.7 10 12.0 22 '•    3.5 40 5. 1 
6-8   8 10.7 s 9.6 8 !    1.3 24 3.0 
3-5  31 

1 
41.3 
1.3 

20 
0 

24. 1 
0 

8 
0 

!    1.3 
0 

i 

59 
1 

7. 5 
0-2.  ... . l 

Total  75. 100.0 83 99.9 633 100. 0 79! 99.9 
Mean   10.43 ...... 13. 35 _„_-•. 21. 54 L   . 19.63 
a .....   -. 8.20 7.85 ...... 6.30 7.73 

On the other hand any test designed to discriminate 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 worlcing to very close visual 
tolerances while others demand loss exacting ones. The degree of ski 11 
required by the two jobs may appear on the same continuum, 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. If such 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) Test 1 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 scor.es. 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) Tc*t 2. A rmy SneUen (fig. IS). The test at present starts with 
easy enough items but lias an insufficient concentration at the difficult 
levels, hence, negative skewness. The final line of the test (nine items) 
seems difficult enough to spread men out at this end of the range; but 
below 20/20 there are onlj' two scale values 20/15 and 20/10, an insuffi- 
cient concentration of values to discriminate in this area. In addition, 
the te.st performs in spotty fashion throughout the range, Avith 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) Tat J, Dot Variable Size (fig. 19). The test starts at a level 
too difficult 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 test is not too easy. The highest score attained 
is in 3(5—39 ca tegory, while the test ran to 48 items. Nevertheless, nega- 
tive skewness appears. This may be explained as either the result of 
coarseness 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 scores 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 lias been shown, to measure- both 
resolution (factor I) and brightness discrimination .(factor TI). How 
these operate, together or singly, in the case of given individuals is 
obscure in the present data. Four 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) individuals at varying points in the test 
shift from one function (resolution) to the other one (brightness) as 
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FIGURE 17.—Frequency distribution for Practice Test—Test 1. 
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Based on first-test scores of 261 enlistee], men. at Fort Dix who were tested twice, 

September and October, 1946 (3/=2K.2   c=0.5). 

FIGDEE 18.—Frequency distribution for Army Snellai Test—Test 2. 

the test becomes difficult;; (4) individuals respond in terms of both 
functions simultaneously throughout the test. It appears that certain 
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 the per- 
formance of test 13 (fig. 29). As we have seen, this factorially 
rather pure test is less skewed although it employs a scale of stimulus 
values similar to that used for the Dot Variable Size Test. The 
Checkerboard Test values are slightly larger. This information sug- 
gests that the two-factor picture (I and U) in the case of the dot test 
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FIGURE 19.—Frequency distribution for Bot Variable Size Test—Test 3. 
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is, in part, responsible for the skewness in chat test. Unfortunately, 
we did not take the opportunity to get introspective report^of a sam- 
ple of the population as to what method of responding $as individ- 
ually used throughout 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 at zero score), 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 G. This is confirmed by the item 
analysis which follows this discussion. For many individuals item 5 
was no more difficult than item 4. but item G was extremely diilicult 
for these people. The explanation of this result probably lies in 
improper scaling of the items or .some other feature of the lest .structure. 

(5) Tent 5, New London Lvthr (fig. 21).   The 10.7 percent of the- 
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FIOUBI520.—Frequency distribution for Quadrant Variable Contrast—Test ),. 
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Fifiriir 'i\.   Frequency distribution for Neu- London Letter Test—Test 5. 

eases in (he sample who have scores of from 0 to 4 indicates that this 
(es( began with items too diflicult for the group tested. On the oppo- 
site end of the scale it is apparent that the test was not too easy. The 
"liest" examinee scored 57 on a test 82 items in length. Between these 
extremes the t^i scores are distributed somewhat differently than in 
(he 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 AAF 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 variability in difficulty 
exhibited by items of the same size. This will be discussed later in 
terms of the item analyses. 

(6) Tex! 6', Triangle Discrimination (fig. 22). The test is too diffi- 
cult foi" some and too easy for others as exhibited by the scores at 0 to 
1 and 20 categories (G.o and 3.1 percent of the sample, respectively). 
There is a slight tendency toward positive skewness meaning an excess 
of diflicult items, but this is confused by the sharp modes at 4 to 5 
and R to J) score intervals (20.3 and 22.2 percent of the cases).   Again, 
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irregularity inatlie scaling of items is suspected as contributing to these 
jumps in the distribution. 

(7) Test 7, Bausch and Lonib Glvechevboard (fig. 23). The test is 
too difficult for certain individuals. It is not too easy for those with 
better vision. ItsJso appears to be multimodal and leptokurtic (scores 
piling up within a narrow range of values, 23.8 percent at scores 
14r-15). The minormode at zero or near zero scores may be eliminated 
by the addition of easy items as indicated in the previous discussion 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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PIGUBE 22.—Frequency distribution for 'J'r'uiuglr Discrimination    T< si t>. 

jiegative skewness may be adjusted by additional items at appropriate 
levels of difficulty. 

(8) Test S, AAF Letter (fig- 24). This is another test witli 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 the test. The smoother appearance of this distribution, comparing 
it with that for New London Letter (fig. 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 discrimination factor in the case of the Dot Variable Size 
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and Line Resolution Tests (tests 3 and 9). In those tents a switch 
from resolution to brightness judgments can apply to each of the sur- 
ceeding items. However, in the letter tests it is possible that certain 
letter forms are more prone to being called correcOy on the basis of 
their meaningful form than others. If such is the case, the uneven 
performance of certain items at different points in the scale may be 
"explained. At U\Q same time, the same phenomenon may explain the 
tendency for scores to pi>- up at the positive ends of letter scales. 
Sufficient correct responses to certain letters on the basis of: ease of 
form identification may prolong the test beyond 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 is not particularly true of the AAF Letter Test 
alone.   It is suggested here as a general possibility in all letter or form 

identification tests and may well be a stumbling block in the path of 
scaling such items on a difficulty continuum. 

(9) Test 9, Line Resolution (fig. 25). Negative skewness is imme- 
diately evident. The test for various reasons is too easy.. -We have 
seen the possible result of a shift to brightness judgments in the case 
of dot variable size. In this line test the effect may be even greater 
because the line remains constant in length. Reference to the specifi- 
cations in appendix A reveals that the size (width of line) values 
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FJi.t'itrc 2;1.—Frequency distribution for Line Resolution Test—Test D. 

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

(10)  T,*t UK I>"t Variahh- Contrast (fig. 20).   This test is un- 
doubtedly 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 l)e 
said about Üie distribution» Undoubtedly the size of the spot playca 
a role in this test as well as the contrast variable. Future tests should 
incorporate larger 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 contrast tests should be remembered. 
They both measure-resolution ability to a degree exceeding the «mount 
of variance attributable to contrast discrimination. 
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FIC,VRK2().—Frequency distribution for Dot Variable Contrast Tent—Tent ID. 

(11) Test 1.1. AAF Constant Decrement (fig. 27). Previous dis- 
cussion of tliis distribution pointed out that it is clearly -bimodal and 
negatively skewed. This is a natural consequence of the scale eiu- 
jjltiVed- one- Snelle-ii step decrement from-item to item (2ii/'iU to iJO/'."i), 
Such scaling resulted in 20 items that subtended more than 1. minute 
of visual angle (20/20) and 15 that subtended less than I minute. 
This is counter to the logarithmically scaled letter tests in which the 
majority of items subtended less than 1 minute of angle. If closer 
to normal distributions are desired the logarithmic scale works best. 
The AAF constant decrement scale results in marked skewness. be- 
cause of the coarseness of the scale, for items subtending less than 
one minute of visual angle. 
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FiurnK 27.—Frequency distribution, for AAF Constant Decrement Test—Test 11. 

(12) 'Test 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.M), 
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 percent who failed to score are those who could 
not resolve at the basic sizes used for all stimuli. 

(13) Test Li, Checkerboard 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. Others 
wise the distribution of scores is fairly normal. 

(H) Test 14, Vernier Acuity (fig. 30). Negatively skewed with 
some indication that the most diflicult items are not difficult enough, 
this distribution is similar to that for line resolution (fig. 25). It 
will be recalled that test-score variance was attributable to all the 
factors to some extent. Thus it is diflicult to understand how indivi- 
dual scores were accomplished. In any case the distribution is at 
present adequate with the exceptions noted. 

b. Irrar ANALYSIS. To further examine the action of the tests as 
measuring instruments per se, the performance of the individual items 
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was investigated. As described at the beginning of this section of the 
results, this amounted to breaking: the sample in thirds on the basis 
of total score and determining how well each item differentiated those, 
in the high, middle, and low groups. Two methods of analyzing the 
action of the items were used, a computed index and graphic analysis^ 
For purposes of this report the graphic method was considered most 
illustrative of the information. 

The graphs are jnesented in figures 31 to 44.  To clarify the mean- 
ing of these graphic analyses the procedure is described as follows: 
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SCORES 

Based on first-test score« of 201 enlisted men at Fort Dix who were tested twice, 
September und October, IMG (itf=14.3   c=6.4). 

FIGIMIB 20.—Frequency distribution-for Checkerboard Variable Grid—Test 18. 

The sample is divided into "1 groups of 300 each, -which in turn 
are split into high, middle, and low thirds of 100 cases each on the 
basis of total score on any given test. The results presented are for 
only 1 of the 300 men*samples. Space limitations do not permit the 
inclusion of the second sample in this .report. However, these data 
are available and they generally confirm the picture presented. For 
present purposes it is assumed that each of the thirds of the group of 
."{On represents a group of loo individuals rather homogeneous as to the 
ability (high, middle, or low). Taking each of the groups in turn, 
the number of successes is plotted against the individual items ar- 
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1 Hki1 L 
fSiiged In order of presentation of the abscissa of each plot. Circles are 
used for plotting the high group data, crosses for the middle group, 
and triangles for the low group. It is apparent that the greater the 
proportion of individuals passing an item, the easier the item, and the 
less the proportion of individuals passing the more difficult the item. 
Since in all the present tests the items progressed presumably from 
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FIGURE 30—Frequency distribution for Vernier Acuity Tent—Tent 1!,. 

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

Theoretically, at least, an ogive form is expected in such a treat- 
ment. Taking a high ability group as an example, the 100 cases should 
all succeed on a long string of the initial, "easy" items of a test. Then, 
as the items which mark the limits of their ability are reached, a few- 
individuals should err followed by an acceleration in individual errors 
and, finally, by a deceleration as the most difficult items are attempted. 
]SroTE.—In the present testing procedure, individuals were stopped 
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after three consecutive misses. This means that an individual dicLiiot 
attempt items beyond the point where he stopped. It can be assumed 
that had they gone on, success would have been a matter of chance. We 
shall have more to saj' about this later. Meanwhile, the middle and 
]ow 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 ogiA?es when they are plotted to- 
gether (high, middle, and low groups) as they are in. figures 31 to 44? 
It will bo 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, fitem to item decrement) the points are continuously 
connected (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 
successes per line or group of items is indicated by a horizontal line 
across each group in those tests employing group to group decrement 
of (he stimulus value. By tracing the horizontal lines for the high 
group (circles), middle (crosses), or low (triangles), the general form 
of any curve can be distinguished. Regardless, of which method of 
connection is used it can be seen that the ogives are not always smooth. 
They differ considerably in slope and man)- of those for the high and 
low groups are incomplete. All these and other observations supply 
interesting information about the items. Each is discussed for the 
test in general and for each item specifically. 

(1) Discrimination of high, middle, and low ability. How well do 
individual items contribute to the scaling of ability or separation of 
the three arbitrarily selected lcArels 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 scaling ability. However, in specific instances .the 
item scales are quite inadequate. For example, examine test 1, the 
practice test (fig. 31). This test is a group-to-gronp decrement test, 
and the points for the items of like size are connected. Horizontal 
lines 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. Talcing each ability group in turn, the high group 
(circles) has nearly 100 percent success over each of the first six 
groups of items, then about 01, 81, and 33 of the group of 100 cases 
; iicceed on groups 7, N, and ') of the items. Within these last 12 
hems tin» presenI  test differentiates the ability of the high group. 
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r-    ' ».-.   * Notice that the lust group of items is correctly called by a mean of 33 
individuals. This means that addition of more difficult items is 
necessary to fully scale the high group ability. In the middle group 
(crosses) individuals begin to fail on easier items thaw in the lugh 
group and in about four stimulus values (groups 6, 7, 8, and 9) the 
number of successes goes from near 100 to near zero. The low groups, 
on the other hand, seem to have a much wider spread of ability as 
measured by this test. The slope of the ogive is much gentler, with 
three or four missing the first 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 are 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 givi-n to Mich popu- 
lations, there would be no test at nil. These items do discriminate a 
large portion of the low group, with only 5-1- out of TIM) .succeeding on 
the fifth group of items. Beginning with the sixth .stimulus value 
the items separate the high and middle abilities, but it is over a very 
narrow range that this occurs (sonic 12 items). This indicates thai 
the total scores of the high and middle groups will be concentrated at 
the high score end of the scale (negatively skewed) and that the scale 
is too coarse to make fine discriminations between individuals in these 
two groups. Meanwhile, the low group continues to be spread out- 
over the 6, 7, and S stimulus values and the test may be said to 
measure this group most discriminative!}7. 

To summarize, 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 
measured 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 discrimi- 
nated more finely, which results in the long negative tail in the 
distribution. 

(a) Tests 1, 0, 9. and U. The results for test 2, Army Snellen 
(fig. 32), test 9, Line Resolution (fig. 39), and test 14, Vernier Acuity 
(Rg. 44), are subject to similar interpretations as those given for 
test 1, Practice (fig. 1). Suggestions for improvement of tests 1, 2, 
9, «and 14 are— 

1. Extend the scale at the difficult end by at least 3 additional 
stimulus values. This will eliminate the pile-up at perfect 
or near perfect scores. This applies to all 4 tests, but may 
prove difficult in Line Resolution (test 9) since the smallest 
line is close to reproduction limits. 

J. Shift the Snellen (test 2) to a logarithmic scale of letter 
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sizes. Then add items to all four tests to get better dis-^ 
crimination of" ability at the high score end. There is 
ample evidence that the addition of items by using smaller 
logariuhmiü 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, as we shall see, further reduction 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, 
easy 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, usually avoids 
two difficulties bv 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 
difficulty 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 lest can conceivably be influenced by this error 
in measurement. 

3. Use the same number of items per stimulus value whenever 
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 each, 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 
correct in the single line will be variant as the number of 
items per line increases. 

i. Add more stimulus values at the beginning of the test.   In 
tests 1, 2, 9, and 11 the initial items are easy enough for 
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almost all of the low ability groups to IKJ successful.   This 
is not true of all the other tests as we shall see.   Although 
tests 1, 2, 0, and 14 accomplish this for the low ability 
group, there are reasons 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,   lit any case, the lack of 
practice makes the test a different proposition for this 
group, and one wonders what would happen 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 desired.   It may be necessary to 
choose the scale or scales for optimal use with divided abil- 
ity groups.   It is suggested that serious consideration be 
given to the use of a few "pilot" items, covering a wide 
range, to select the range of the scale in which any man's 
threshold occurs, to be followed by a more extensive group 
of items over the restricted range selected.   This can con- 
ceivably be done by the use of only two or three of the 
selected ranges, e. g.. one for low ability, and one for high 
ability. 

(b) Tests J, J, 7.8, and 13.   The discriminative action of uh> items 
is similar for these five tests, namely. Dot Variable Size (fig. 33), New 
London Letter (fig. 35). Bausch and Lomb Checkerboard (fig. 37), 
AAF Letter (fig. 38), and Checkerboard Variable Grid (%. -13).   It- 
each of these tests?, sufficiently difficult values are used to fully meas- 
ure the high ability giotvps (circles on the graphs).   All three ability 
groups, high, middle, and low. are fairly well discriminated if the 
average success points per group of items of like stimulus value 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 discriminated cover more stimulus values 
than those found in tests 1,2, 9, and 14 (figs. 31, 32, 30, and 44).   The 
middle group (crosses) in figure 38 is the only exception with close to 
100 successes on the fourth stimulus value, a mean of 80 on the fifth, 
14 to 1") on the seventh, and almost no successes on the eighth.   Over 
these three stimulus values the group passes from complete success to 
failure.   Although the items on (be five tests succeed in spreading out 
high ability, there is still room for improvement especially in the two 
letter tests (3 and 8).   Negative skewness is apparent in all tests to a 
slight degree und may be a function of the coarseness of nie scale or 
other causes mentioned in the dis-cu.-ion of tests 1. li, 5), and 14. 

Of much greater concern are the results fen- the low «rroup on Cesis 
3, 5. 7, 8, and 13.   The ogives for this ability group are incomplete. 
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On the--first stimulus value of Bot Variable Size (fig. 33) ah 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 in 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, larger items are needed. Suggestions for improvement of 
tests 3, 5,7, 8, and 13 are: 

1. Add less difficult items than the easiest ones in the present 
tests. As mentioned in connection with tests 1, 2, 9, and 
14, this may be accomplished hi two ways. Extending the 
items at the easy end of the scale may effect a normal dis- 
tribution.   On the other hand, the same logarithmic scale 
of-   iJ'om«   mii-i»   tinf   1 nnlv  onnnlHr  -urpll   tn   rll{FPT'OTIf   oV»ilif"ir 

groups, in winch case more than one scale of items may 
prove fruitful. 

,i. Increase the number of stimulus values, hence the fineness 
of the scale, to eliminate the negative skewness and spread 
out the higher ability groups, especially hi the Letter and 
Dot Variable Size tests (figs. 33, 35, and 38). 

(c) Test 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 ability group fail the first item.   In this respect the test is similar 
to tests 3,5. 7,8, and 13.  This is not surprising since all- of these tests 
began with stimulus 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 
zero. 

The irregularity of the curves for this test is a function of the 
decrement used, namely, item to item. Individual items do not retain 
the same order on the difficulty continuum as that expected in terms 
of physical size. This is also found on group-to-group' decrement 
tests, but averaging the results of items at given stimulus values tends 
to smooth the curves for these tests. The variable action of individual 
items will be discussed more extensively below. 

('/) Ttnt .', and /!>. The Quadrant and Dot Variable Contrast tests 
(figs. :].[• »nil -10) are constant decrement tests. Both have low reli- 
ability in their present forms, but are quite different with respect to 
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item difficulty. In the quadranttest (4), the items discriminate, abil jty 
aver the entire test,'but in the dot contrast, test, (10) most of the dis- 
crimination takes place over the first (5 items. The result; is a fairly 
normal distribution in the case of the quadrant test and a positively 
skewed one for the dot test. In both tests there are insufficient items 
at either end of the scale to measure the highest and. lowest abilities, 
and the individual items in both behave quite erratically. However, 
the quadrant test (4) stands out as" most useful in its present form. 
The larger area of the "spot'? in the quadrant contrast test is credited 
for its superior performance as a test. Item difficulty in the dot con- 
trast test is probably a function of using an area too small for reliable 
measurement purposes. In addition, it is conceivable that orienta- 
tion of the responses in the diamond frame of reference used in the 
dot test confuses the difficulty picture, and that discrimination of the 
diamonds becomes a serious limitation on performance. 

(e) Tests 6 and 1£.  The items of Triangle and Square Discrimina- 
tion (figs. 36 and 42) discriminate fairly well over the- entire range, 
but the square test (12) is seen to be the more difficult of the two.   In 
the square test the high and middle fjroims are poorly discriminated 
over the first few items while successes diminish rapidly in the case 
of both groups.  In the triangle test (6) both high and middle groups 
are poorly discriminated over early items, but successes do not diminish 
at these points.   In both tests initial and final items are, respectively, 
too difficult and too oaay to measure 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 S out of 100 cases in the high and middle 
groups, respectively, succeed on the final item.   Once again, the irregu- 
larities apparent in the action of individual items of these test« are 
important in considering revision of the tests and will be discussed 
below.   Suggestions for improvement of tests ,L, 6,10,11, and 12 are: 

1. Add easier items to the AAF Constant Decrement Test (11). 
& If a. normal distribution is desired on the AAF Constant 

Decrement Test (11) shift the. size value to logarithmic 
ones as in the case of AAF Letter (S) and New London 
Letter (5). 

3. Since the present initial items of the Triangle (6) and Square 
(12) Discrimination tests are as easy as they can be made 
in the present form, addition of easier items to these teste 
is a matter of attempting to increase- their -size and improve, 
their spacing to a point where the initial item can be cor- 
rectly judged.   Spacing and item size should be corrected 
throughout these tests. 

Jh Increase the number of scale values at the difficult-end of 
Triangle (G) and Square (12) Discrimination tests, more 
so in the case of the Triangle.    Interpolate additional items 
at scale values where present discrimination is pool-. 
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£-. Increase the area of the. "spots" in the Dot; Variable Con- 
trast Test (10). 

G. Make both contrast responses as free as possible of spatial 
references if a purer test of brightness discrimination 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) Difficulty of individual items. In discussing the discrimina- 
tion of ability by the items, in general, brief mention was made of the 
varying behavior of individual items. However, several interesting 
bits of information may be garnered from such an analysis and may 
prove quite important in future test designs. 

In considering the action of individual items the first point becomes 
•i 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 is rather slim since the ex- 
aminee has 20 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 this is 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 letter response is indeterminate. 
Nevertheless, as the threshold is reached on the letter charts, one ex- 
pects 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 
item. In other words, one out of every four examinees is expected 
to succeed on the basis of chance; and at any line in the test, depend- 
ing on the difficulty at the items for the group attempting them, about 
the same number of successes are to be expected on all four items of 
like. size. Of course, this assumes that variables other than the speci- 
fied sizes of the items have little or no influence on the response. Such 
variables are: the relative position of an item in lines of any chart; 
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vÄfuäa<sjnihiiMtoM by tTie föiir 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. For nonletter items with the same 
specifications, some variability 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 thosecited above, may indicate serious flaws in the lest or tests 
in which they are found. To prepare for an examination of the data 
with respect to such departures, chance expectancy should be carefully 
identified. 

It has been seen that one out of four individuals will ordinarily 
succeed on a four-choice item by guessing. In other words, 25 percent 
of the individuals who are guessing on any line of items are expected 
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 are reduced to guessing will also be success- 
ful. But this assumes that the same number of individuals tries all 
the items of a given size. This may not be true in the present tests 
because an artifact arises in the method used to slop the tests. Tests 
are stopped after three consecutive misses, no matter where in the 
line, or lines, these occur. Theoretically, four possible modes exist in 
which three consecutive errors on any two lines of four items can occur. 

As an example of this artifact", consider a group of N people for 
whom a given line- is supraliminal and for whom the next line 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 lest 
on the second line will usually be— 

Item position 

line x. 
line y. 

1 
S 
E 

2 

s 
E 

3 
o 

E 

4 

s 
0 

Where S is a correct response, E 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 %. If line // is sub- 
liminal for this particular group, and they are guessing in the sense 
of responding on a chance basis, the probability of the above pattern 
of responses is (%)3 or A2. From this we may conclude that .42N wili 
not respond to item 4, line y. Of this number \A would .have been 
successful if allowed to continue. Therefore x£ of .42N or about 10 
percent of 2sT is the amount by which the number of successes on item 
4, line y, will be reduced. »Since we ordinarily expect 25 percent of 
this guessing group (•<, be successful on each item of line // it follows 
that the expected number of successes on items 1,2, and 3 arc 25 percent 
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of N", but On item 4, because the test- was stopped for 42 percent of N!, 
it will be only about 15 percent of N. 

The special.features of the group of N people discussed above should 
be emphasized: 

Thei r 1 i niens were i n the gap between line x and y. 
The probability of making an error on line x is assumed to be 

negligible. -to"»* 

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

When the test is stopped for any individual at any point we know 
that the pattern of the last four responses must be S E E E. Now of 
(he 52 percent of X individuals in the above group who continue, the 
proportion that will drop out on item 4, line y, and who will not 
respond to the first item of the m.ct line (say line s) is given by the 
probability of this pattern which is ij (%.)ri or about 10 percent. 
Of these, 25 percent would have made an "S" resiDonse on item 1, 
line z. Therefore, the number of successes on this item will be (0.25) 
{(J.1U) (0.52) X or about 1.3 percent of X less than for item 4, line y. 
We can move the pattern S E E E forward in this manner one item at 
a time. In doing so 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- 
iined the probability for an error at a limen in the usual Avay as l/z. 

In general we would expect, in a line where the probability for 
error was appreciable and constant and which immediately followed 
a supraliminal line, that the fourth item would act as indicated at the 
beginning. Thereafter, for lines following this line the decrement of 
successes would continue for each successive item. Since the combina- 
tion of all these factors are additive the effects may be at times quite 
noticeable 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 limen; 
(2) decrease the number of successes for each successive item after the 
point defined in (J): iß) increase the ordinate distances in terms of , 
number of successes between lines after the point defined in (1). 

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

{a) Letter tests. 
1. Test ,i. Army Kurilen (tig. 32). Considerable variability in 

the number of successes on letters of like size is ajjparent in 
this test. The letters in any line are not always of equal 
dilliculty.   For the low ability groups, shown hi the figure 
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by triangles, (lie fluctuations noted tire not too severe and 
may be considered a result of chiuico variation in the sam- 
ple tested. For example, on line four of the items, 05 of 
those in the low ability group, who are still attempting the 
items, succeed on the first item; 81 on the second; 6*2 on the 
third: and 72 succeed on the fourth item in this line. The 
letters of the line are P, L, O, and E. However, when 
results on these same letters are examined for other lines 
of the test, a somewhat consistent picture of unequal dilli- 
culty is obtained. Talcing the letter P in lines 4, 6, and 7 
of the test, the number of successes by the low group in 
this letter is always lower than the mean for the line. The 
I/s, on the other hand, seem to be consistently easier. In 
lines 3,4, 5, 6, and 7 successes on the TVs are always greater 
than the mean low ability group successes on (he lines in 
which the-L'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 middle groups is also observed. 
The last letter in line 7, P, is severely lower than the mean 
success on the line for both the high and middle groups. 
In fact, the letter was more difficult for the high group than 
most of the letters in the same line were for the middle 
ability group. Compared with a mean success of over 
S3 individuals in the middle ability group on line 7, only 
74 of the high group successfully called the P, at the end 
of the line. In line 8 it is evident that the difficulty of the 
Jetters varies considerably. Of course, the extent of this 
apx)ears greater in the plots for this line partly because this 
is a point in the test where greater fluctuation 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 d ifficult 
in comparison to mean success. In the. high group plot 
for line 9 the second letter E is typically high, in number 
of successes, along with the L, while Z, C, and T of the line 
are most difficult. 

To surfunafize, there is a rather consistent finding that- 
certain letters of the Army Snellen Test are easier while 
others are more difficult than the mean difficulty for the 
lines in which they are placed. As such they do not de- 
stroy discrimination between groups of different ability 
since the letters act rather consistent!v for these "«ronns. 
However, from the point  of view of measurement  this 
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variability should be reduced by further standardizing the 
item Si 

Test 5. 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 letter 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=r 
formal nee on the remaining 4 letters. In the middle ability 
group, 69 out 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 tliis 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 (T appears (lines 6 and 9) do not reveal that it 
is HO atypical although in line 6 it is next to the most diffi- 
cult letter of: the line for the high ability group. Other 
letters of this test which rather consistently v;ai-y in diffi- 
culty 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 8 for the high and middle groups). As in the 
Snellen, considerable work is necessary to better equate the 
difficulty of items of like size if this test is to be An ac- 
curate instrument. 

Test S. AAF Letter Test (fig. 38). In this test the fact 
that the same six letters (X, M, G, S, Y, P) are used, in 
varying order, in each line makes analysis of the individ- 
ual items more complete. Here, the same letter can be 
traced through every size value employed in the test. The 
first impression is that variability of difficulty among items 
of the same size Talue 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 lines 6, 7, 8, and 9 
for the high ability group; lines 5 and 8 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, Tin- letter 8 is below mean success on Tines 6, 7, 8, 
and S) of the high group; but il does not act as consistently 
for the middle jind low. ability groups. In general, it 
can be said that improvement in the letter difficulty picture 
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is going to be al-diious in the case of the AAF Letter Test, 
except for improvement in tlie letter P. 

Test 11. AAF Constant Decrement (fig. 41). Some irregu- 
larity is noted in the steady progression of difficulty which 
should be obtained on the items of this test. Each' succes- 
sive letter is smaller than the last. In tlie plot for tlie low 
group (triangles) a- cyclic pattern is seen with the letter 
V appearing to be easier th.au certain other letters. If any 
letters are consistently more difficult, they are the C's and 
Z's. but this tendency is not marked in the low group. For 
the high group V again appears easier at tlie twenty-eighth 
letter position, and it docs in the same position for the 
middle ability group. Letters C and Z are rather con- 
sistently low in the high .and middle ability groups. 

In this constant decrement lest another point of in- 
terest is the break occurring between ünps. From the pres- 
ent data there does not seem to be any systematic fluctuation 
in item difficulty as a result of shifting from line to line. 
The arrows on the abscissa indicate the points of shift, 
and the first item of flu» line following [)lQ break seems 
to be of lesser or higher difficulty on about a chance basis 
for all ability groups. 

As corrective measures in this test, only modification of 
the difficulty of the letters V, C, and Z seems to be indicated 
by the present data. 

(/) Nonlettcr tests. In tlie nonletler tests, interest in the indi- 
vidual items lies in the relative difficulty of items of the same size (f our 
in a line or group); in any differential difficulty of top. bottom, left, 
or right modes of response: and in the break between charts when two 
charts are used to display all of the items of certain tests. The tests 
will be discussed in numerical order. 

1. Test 1. Practice (fig. 31). This test, which employs a square 
modification of the Landolt ring, is contained in one chart 
and consists of groups of one to four items of like size. 
Four items are presented at each size <-n\n.o-n.-v -fmm <\70 •> 
chrough the remaining ones, but, for the first two sizes, 
two and three items are presented. Examination of figure 
31 reveals that the items rmi« croups of <h« o..,>-.« ,.:~-T— 
neYov as variable about the mean success points (horizontal 
lines) as was observed in the letter tests (2, 5, and 8). 
Certain groups of items, namely, group 5 for the low ability 
group and group « for the middle one, indicate that diffi- 
culty within (hi- same size of items decreases progressively 
over the positions of the ilem> within any given group. 
This is not coiichiMvely demountraled by casual perusal of 
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the plots although, in morecasesthannot, the first item in- 
the groups seems to be less difficult than the last. Kemem- 
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.   However, 

The. 3 plots represent successes attained bj'nigh, midaie, ana Tow ability groups 
of 100 each, selected on the basis of. number right to 3 consecutive misses. 

Fiauiti: 31—Practice Test—Test 1. 

in the present test, the hypothesis that no variation in suc- 
cesses occurs 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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unavailable. Nevertheless, as will be seen, this impression 
is -augmented as more test results are examined and may 
prove to be interesting from the point of view of test 
methodology. 
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The 3 plots represent successes attained by high, middle, and low ability groups 
of 100 each, selected on the basis of number right to 3 consecutive misses. 

FIGUKE 32.—Army Snellm. 'Vat—Tent- 2. 

ixsto tue lop, bottom, right, vv left categories of. response, 
nothing conclusive can be said about any systematic dilli- 

•     culty attached to one or the other on the basis of current 
results on this test. 

2. Tests. Dot VunableHize (fig. 33).   Once again, on this dot 
test less variability is noted among the if ems of "like size 
than that observed in the letter tests.    Beyond this, the 
same tendency is noted in this test as in the Practice test (1) 
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for last items in the line to be more difficult than the first. 
Again, 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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The 3 iiliit.s represent successes ullainert by high, middle, and low ability groups 
of 100 each, selected on the basis of number right to 3 consecutive misses. 

FIGUHE 33.—Dot YuriaMc Size Test—Test 3. 

line 7 for the middle group, and lines 7, 9, and 10 for the 
high groups show consistently fewer successes from the 
first to the last items in lines of equal stimulus size. The 
result of using two charts is of considerable interest in this 
test.   The arrow on the base line represents the point at 



114 

which, the second chart is introduced. Notice that the low 
group has reached a point of complete failure before the 
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 C (last 
of the. lines on chart 1). Whether this irregularity is due 
to the new constellation of stimuli presented in chart 2 or 
something specific to the first line 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 may be 
better practice to seek a new method of presentation which 
avoids this deficiency, such as presentation öf item after 
item or line after line by machine projection. 

'. Test 4. Quadrant Variabh Contrast (fig. 3i).   In this con- 
stant decrement test a continuous decrement of success is 
expected after each ability group reaches their threshold. 
Indications from the results (fig. 3-A) are that two serious 
irregularities occur in this test!   First item 5 appears to 
be as easy as item 4 (approximately the same number of 
successes).   This indicates poor construction of the test 
since the observed deviation from expected decrement in 
successes does not appear to be related to any break be- 
tweenlines {indicated by the arrows on the baseline).  The 
second irregularity is a suggestion that the line break be- 
tween items 6 and T results in a rise in successes „n item 7 
however small as evidenced in the plots for the middle and 
low ability groups. 

Test 6. Triangle Discrimination (fig. 3(5).   This triangle 
test is another constant decrement test with four possible 
choices on each item.   The outstanding feature of the re- 
suite on this test is the consistent rise in number of successes 
achieved by all three ability groups as they passed from 
the first to.the second chart.   On item j.u, the last item of 
chart 1, 79, (55, and 5 cases of the hich. middle, und l»w 

groups respectively, succeeded.   Successes on item j 1, (lie 
hrsf one on chart 2, amounted to D-.I-, 9». and 23 men of the 
high, mnlclle, and low group».    Clearly, this indicates that 
either the first item or line of a test chart is easier than one 
would expect from the item sizes or that the presentation 
of a new chart introduced a new approach on the part of 
examinees. 

Text 7. Brniwh   ami Lowh  Chrrhrhoard   (h>.  :J7,     The 
items of this checkerboard test behave in much the same 
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plots represent successes attained by high, middle, and low ability groups 
KM) each, selected on the basis of. number right to 'i consecutive misses. 

FK.IIIK :U.—Quadrant 1 (triable Contrast Test—Test //. 
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The 3 plots represent- successes attained by liigli, middle, and losv ability groups 
of 100 each, selected ou the basis of number right Lo 3 consecutive misses. 

FJOUKE 35.—New London. Letter Te-Hl—Test ,r>. 
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The 3 plots represent successes attained by high, middle, and low ability groups 
of 300 each, »elected on the basis of number right; to 3 consecutive misses. 

FJCUHE 30.—Triangle Discrimination Test—Test 6. 
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FIQUKK 37.—Bausch and Loml) Clicclccrboard Test—Test 7. 
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Tlie 3 plots represent successes attained by high, middle, and low ability groups 
of 100 each, selected on the basis of number right to 3 consecutive misses. 

FIOUKE 3S.—AÄF Letter Test—Test S. 
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way as do those oil the Pot Variable size test (fig. 33). 
Again, there is some indication of a- progression of diffi- 
culty from the first to hist positions of the items in the lines. 
The break between charts lias no observable effect in this 
test. 

6. Test 9. Line Resolution, (fig. 39).   The results of this test 
show nothing that* has not been discussed in connection 
with, the dot and checkerboard tests. Again, items of the 
same size are seen to be less variable in difficulty than the 
letters. 

7. Test 10. Dot Variable Contrast (fig. 40).   The outstanding 
result in this test is the jump in successes on the part of the 
high ability group on item 7. This may be an item with 
a contrast value different from the specification given for 
it, or the rise in successes may be a function of the- shift 
from line to line between items (5 and 7. Finally, the rise 
in successes may be a function of chance random sampling. 

S. Test 12". Square Discrimination (fig, -kJ), The items of this 
test consist of six "squares" which take one line of the test 
per item. The second, third, fourth, and fifth positions in 
each line are the- places where the curved "squares" may 
occur. To avoid any variation in difficulty that might 
arise because the correct response (square with curved 
sides) falls at the beginning or end position of a line, a 
true square is placed at both ends of each item. This 
means that each of the possible choices is completely sur- 
rounded by objects except those in (he lirst and last items 
of the two charts. These items a re not bordered by squares 
above the first item or below the last item of either chart 
This may contribute to the irregularity in difficulty which 
appears for item S in this test, item .S 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, little can be said about the present 
items aside from the contention that in their present form 
they produce all kinds of eonfigurational effects which, if 
possible, should be eliminated. 

Test IS. Checkerboard Variable (7rkl (fig. 13). The items 
of this test show the same relative stability observed in 
other nonletter tests, but again, there is some indication 
of systematic variation in difficult}' 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 success on the last item in anv line 
lower than that on the first three.   To establish the'num- 
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The 3 plots represent successes attained by high, middle, and low ability groups 
of 100 each, selected on the basis of number right to 3 consecutive misses. 

FIGURE 39.—Line Resolution Test—Test 9. 
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The 3 plots represent successes attained by high, middle, and low ability groups 
of 100 each, selected on the basis of number right to 3 consecutive misses. 

FIGURE 40.—Dot Variable Contrast Test—Test 10. 
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The 3 plots represent successes attained by high, middle, and low ability groups 
of 100 each, selected on the basis of number right to 3 consecutive misses. 

FIGURE 41.—AjiF Constant Decrement Test—Test 11. 
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The 3 plots represent successes attained by high, middle, and low ability groups 
of 100. each, selected on the basis o£ number right to 3 consecutive misses. 

FIGURE 42.—Square Discrimination Test—Test J2. 
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I'iie 3 plots represent successes attained by high, .middle, and low ability groups 
of 300 each, selected on the basis at number right to 3 consecutive misses. 

lfiouKB 43.—Oliec]ce>-board Variable Grid Test—Test 13. 
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The 3 plots represent successes attained by high, middle, and low ability groups 
of 100 each, selected on the basis of number right to 3 consecutive misses. 

FIGURE 44.—Vernier Acuity Test—Test Uh 
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ber of people guessing at any particular point, hence the 
theoretical expectancy values from which the results may 
deviate*, is virtually impossible from the present data« 
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 
XXI 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 1 of the high ability group. 

TAJJLU XXI.—Distribution of right (R) and wrong (W) responses for 
the attempts (A) made by (lie Tiigh group on the four item positions 
of iines 5, 6, and 7 of lest 13, checkerboard variable grid 

Item positions 

f  31 
Responses j W 

I   A 

149(142) 
109(116) 
258 

127(134) 
116(109) 
243 

118(126) 
112(104) 
230 

117(109) 
81 (89) 

198 

Total 

511 
418 
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 distribution of x2. The theoretical frequencies 
are given in x>arentheses in the table. The value of x2 is 
4.001. A x2 as large as this for 3° of freedom would be 
exceeded by between 30 and "20 percent of all random 
samples. There* is no reason, therefore, for rejecting the 
hypothesis. However,* this does not establish the hypothe- 
sis as 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 other 
ability groups on. test 13 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 mode 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 sample of 
top, Lot torn, 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. Deference to the specifications for these 
two lines of the test reveals that by accident the same stimu- 
lus 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 0 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 sliift in the level of difficulty of the task. 

10. Test 14. Termer Acmtij (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 minor considerations derived 
from the data collected at Fort Dix, X. J., which, white 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 COXDITIOKS. 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 unreliability 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 
liypofcheses, 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 about 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 this other hand, the hypotheses can. quite confi- 
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 eliminate the sources 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 oootlis. 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 wlio 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 other unanalyzed sources of error) is compared with 
(he between groups variance (that attributable to differences in test 
booths). The ratio of these variances (between-group/within-group) 
is known as F, and the size of this statistic may be compared with 
known values of F which will occur by chance. " The analysis is sum- 
marized in table XXXI. 

From tbe last column of table XXXI it can be seen that for most 
tests the computed value of F is lower than 1.00. Entering a table 
of F it is seen that for 5 and 786 degrees of freedom, for the respec- 

; 2.22 is expected to occur by chance n n/i/ic    *\ in» 11 • If»      I 41 -»W»* *V*v?<    t.»;     »'«*•-* i,«V     t\a   JI,U. 

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 F is lower -than 2.22. This means that for these tests the 
null hypothesis cannot be rejected with sufficient confidence to declare 
that booth.variance is significant. In the Quadrant Variable Contrast 
Test (4), however, an F of 2.72 is found. Such a high F (higher than 
1.80) is not expected in more than 5.0 jpercent of all random samples. 
In this case, the hypothesis can be rejected with some confidence, and 
it may be said that variance attributable to differences in test booths 
is serious enough to cause some concern. That the Quadrant Contrast 
Test is the one effected (NOTE.—The Dot Contrast (10) has the next 
liighust F value) is interesting since it was felt at tlie time of "booth 
construction that poor lighting conditions would effect the contrast 
tests more seriously. The mean scores on the Quadrant Contrast Test 
(4) are 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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fc 
thafcthe experimental design for this study did Jiot prepare primarily 
for this approach. Hence, the present test-booth variable is con- 
founded with any variation in examiners who happened to be con- 
tinuously associated with this or that booth. 

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

(2) Variance attributalle to different examiners. Certain test 
results may be expected to differ according to who gives the teste. 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 

TABLE XXII.—Behvecn-groups (booths) and within-group variance, the degrees of 
freedom for each variance, and computed valve of F for each of the Ut wall chart 
visual acuity tests 

Test Variance 
between doff 

1. Practice  36. S 5 i 
2. Armv Snellen . 106. 4 

35.0 
11.4 

140.0 
21.4 
25.4 

170.6 
107,2 

6.2 
36.4 
7.4 

43,8 
32.6 

«I 
3. Dot Var Size  5 ! 
4. Quad Var Contrast __-  5 , 
5. New London Letter  
6. Triangle Discrim ,. 
7. B and L Checkerboard   
S. AAF Letter  „.__ 

5 | 

; 
5 
5 
5 I 
5 j 
5 I 
_ f 5I 

! 

9. Line Resolution  
10. Dot Var Contrast.   
11. AAF Constant Deer  
12. Square Discrim  
13. Checkerboard Var Grid  
14. Vernier  

:  Variance 
1    within 

46.0 
95.4 
95.3 
4.2 

dot/ 

7S6 
7S6 
786 
7S6 

0:S0 
1. II 
.37 

261. 0 7S6 . 54 
29.0 786 .74 
34.2 7S6 .74 

198.0 786 .S6 
146. 2 786 .73 

3.9 7S6 .1.60 
77.7 786 .47 
11.0 786 .6S 
47.7 7S6 .92 
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 
XXIII. 

With the degrees of freedom given in table XXIII, it is discovered 
that an F value of 1.80 is expected by chance in only 5.0 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 3.0S 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. Fur all other tests the hypothesis cannot be rejected 
with confidence. 
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Examiner variability seems to play a large part in the test score 
variance of the two contrast tests (4 and 10) and- the Square- Bisoriwb 
nation Test (12). It is interesting to note that these are the three least 
reliable tests of the j>resent 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 account for this. The test mav 
bo poor and difficult to administer, thus producing a sharp distinction 
between examiners.   With simplification of instructions and other 

TAU LB XXIII.—Bctwccn-grovps (examiners) and wtthin-group variance, the degrees 
of freedom for each variance, and computed values of F for each of the lJt wall chart 
visual acuity tests 

Test Variance 
between do(f 

1.- .. . 
2 
3 . . . 
1.  . . 
3.. 
r... 
7..  . . 
S.. 
o _ 

10... ... 
11  
12... ... 
13........ 
U  

60. 
115. 
43. 
10. 

234. 
29. 
26. 

144. 
16S. 

7. 
51. 
32. 
25. 
34. 

11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 

Variance 
within doff 

45.8 776 
95.4 776 
99.8 776 
4.2 776 

261.0 776 
2S. 9 776 
34.2 776 

198.6 776 
146.2 776 

3.8 776 
78.0 776 
10.7 776 
48.0 770 
36.5 776 

1.32 
1.21 
.43 
2.43 
.90 
1.02 
.77 
.73 
1.15 
1.87 
.66 
3.08 

CO 

.95 

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

(3) Variance attributable to the order of presentation 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 Us 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 perfori.innce. on any tests is noted as a function of the 
position of the test in the order of presentation except that variation 
»•hieb ini-jiit be expected from chance sampling. Table XXIV gives 
(he results of this analvsis. 
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rare. 

i   F7i . As caiv IJe seen from table XXIV no computed value of F is as great 
as the1,76 value which the table of F lists as expected by chance in 
5.0 percent of all random samples. The null hypothesis cannot, there- 
fore, be rejected with enough confidence for any test. Apparently, 
no extra-chance variations arise due to the serial position of any test 
in the battery. $M& vmxlt tends to confirm the suspicion that test 
rotation would eliminate any variance in score due to position of the 
tests in serial order. However, the hypothesis is not demonstrated 
as absolutely "true." Such is not possible, as pointed 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. 

TABLE XXIY. —rBdwccn-groups {order of test presentation) and within-group 
variance, the degrees of freedom for each variance, and the computed values of F 
for each of the wall chart visual acuity tests 

Tost 

1  _J 
2  . ( 
3   i 
4  ! 

5_:  , , | 

7„__M."""" '.."Y".\ 

10  -... i 

"—— —- —-| 
12  .....! 

S::::::::::::::::::::::::::::::! 

Heiwwn  ! 
variance   i dolt    ' Within   | ,i ,J i   1 

"    '    1 
K 

- - - —   ! - - — - 

(') 1 1 . 
7i. 4: 12 • 95. 0 ! 771 0. 75 
64. 3 !2 : 99.0 771  ' . 65 
'5. 7 12 4.2 771 1.30 

166. 3 12 , 260. 9 771 . 64 
26.0 12 ; 41.0 771 . 64 
36.5 12 34.0 771 i. 07 

139.2 12 • 198.2 771 .70 
136.2 i2: 145. 3 771 .94 

2.7 i2 ; 3.9 771 . 69 
72. 5 12 ; 77.0 771 .94 
6.3 12 ! 11.0 771 .59 

29.4 12 ! .47. 7 771 .63 
23.0 12 36. 0 771  , .64 

»-O.-nittcd. 

(<£) Variance attributadle 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 clo -with a variety of performances. If one 
eats a heavy meal at noon, it is felt that his subsequent afternoon 
activities will be slowed down. The same point is considered worthy 
of analysis in the present study. Perhaps certain vision tests invoke 
systematically better performance at certain hours of the day than 
at others. In analyzing the data the hypothesis is that 310 variation 
in performance can be attributed to the various hours of the day in 
which the testing occurred except that expected as a result of random 
sampling.    The results of the analysis are given in table XXV. 

In Table XXV", for only one test. Practice (1), can the hypothesis 
Entering a table of F at the degrees of freedom involved, be reject .A vvt. 
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it is discovered that an F AS high as 1.89 will be found by chance in 
only 5.0 percent of all random samples. The computed F of 1.95 for 
the practice test exceeds this value, therefore the null hypothesis can 
be rejected. 

Why should the practice test appear to be1 influenced by the time 
of day in winch it is administered I One suggestion is that since this 
test was not rotated as to position in the test battery, the effect 01 
the time of day operated in unequal fashion on tests given first at any 
particular time. This is, admittedly, ex post facto reasoning, but it 
makes some sense. If after lunch, for example, it takes a few minutes 
to warm-up to testing whereas at other times the diurnal variation 
has little effect, then any test which is not rotated should receive the 

TAIU.K XXV. Betwecn-groups (hour of testing) and within-group variance, the 
degrees of freedom for each variance, and the computed valves of F for each of the 
l.'i wall chart visual acuity tests 

'IVsi Between 
variance (/Of/ Within 

variance ä off F 

87.8 9 45. 1 780 1.95 
S3. 6 9 95.2 780 .88 

108. S 9 98. 1 780 1.11 
.,_..,_,  2.6 9 4.2 780 .60 

401.8 9 257.9 780 1.56 
.   -    - - -       -  -  - 33.3 9 28.9 780 1.15 

45.2 9 33.8 780 1.34 
.   _   .              ..___-„ 279.2 9 196.9 780 1.42 

.--             •.   •   --„-„- 151.8 9 145.7 780 1.04 
3.3 

79.9 
9 
9 

3.9 
77.4 

780 
780 

. 86 
1.03 

14.7 9 10.9 780 1.35 
74.1 9 47.3 780 1.56 

•-*'  51.4 9 36.0 780 1.43 

1. 
o_ 
3.. 
4. 
5_ 
6. 
7., 
S 
9. 

10. 
11. 
12. 
13. 
14. 

full effect of this temporal variable. On the other hand, tests that 
are rotated as to temporal appearance in any session should be un- 
affected by the time 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 lowest means are found 
for the next 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 diurnal variations cannot be rejected in all the 
other tests. Although time of day appears to be insufficiently im- 
portant in the. present study, this is no indication that it may not 
become significant as a function of certain laxities in testing methods. 

l>. Coi«KKi..\Tiox OF A(KT AND LETTEK TEST SCORES.  In part 2 of the 
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results, a discussion of factor III (form (letter) perception) con- 
templates the possibility that a verbal factor measured by AGCTrmay 
be related to something measured by the, letter tests in the visual 
acuity test battery. Naturally, the correlations of these test« are of 
interest. They jrte presented for both a test and retest sample, of 
205 cases each, in table XXVI. 

Table XXVI 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 acuity tests. In the letter tests, letter facility may 
be an important factor, where as in AGCT whole word facility is more 
likely to be measured. Another possible expl a nation of the lack of re- 
lationship demonstrated in table XXVI is the small amount of vari- 
ance that can be attributed to the form (letter) factor in analysis of 
any of the letter tests.   Since score on these vision charts varies so 

TABLE XXVI.— Fnlercorrdations of AGCT standard scores with tent and retest total 
score {number right to S consecutive nrisses) mi the 4 letter tests of the trail chart 
tests studied at Fort TJix, .V. /. 

Tests 

Test 2. Army Snellen.._  
Test 5. New London Letter. - 
Test S. AAF Letter—  
Test 11. AAF Const Decrem. 

TiM with 
AlSC'T 

0. 001 
.022 

-.013 
.009 

!ti'l>*M will« 
,\<;r*r 

0.000 
.02G 

-.006 
-.005 

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

C.  ExAälZXEE OWQflON A ,.,.T »o   xx.i>\>\.j.    JUJ>   .Li. E TKSTH.   Of somewhat less in- 
terest than other results, but, nevertheless, of some importance in 
planning for the future, are the opinions of examinees about the tests. 
To servo 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 table XXVII the. contrast tests (-.1; and 10) seem to be liked 
least and disliked most. On the other hand, tests 2 and 14 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 seem to hold the same 
overwhelming opinions. However, it can be seen that tests 1, 5, 8, 9, 
and 11 are more liked than disliked, while tests 3, 6, 7,12, and 13 are 
mort disliked. 

In general, it can be said that the letter tests are liki-d. while non- 
letter tests of about the same difficulty are disliked.   The most dis- 
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TABLB XXVII.—Opinion» of examinees as expressed in answer to.questions: Which 
test did youilike mostT    Which test did you like least? 

Testa Like most Percent Like least Percent 

1; Practice  50 
175 

15 
4 

39 
9 

68 
42 
94 

3 
49 
n 
22 

193 

• 
6.5 

22.6 
1.9 
.5 

5.0 
1.2 
8.8 
5.4 

12. 1 
.4 

6.3 
1.4 
2.8 

24.9 

1 
7 

33 
155 
18 
31 

123 
4 
4- 

288 
5 

67 
35 
19 

o. i 
2. Army Snellen ;_  .9 
3. Dot Var Size- _- 4.2 
4. Quadrant Var Contrast  
5. Row London Letter  

19. 6 
2.3 

0. Triangle Discrun „  
7. B and L Checkerboard  

•3.9 
15.6 

8. AAF Letter  .5 
9. Line Resolution  .5 

10. Dot Var Contrast  _  *36. 5 
11. AAF Contant Discrhn  .6 
12. Square Discrim......  _. 
13. Checkerboard Var Grid.  

8.5 
4.4 

14. Vernier Acuitv __,  2.4 

774 100.0 790 100.0 

liked tests are those which by examiner remarks and actions are most 
difficult. These 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 
bo liked after suitable revisions make them better testing instru- 
ments. If difficulty 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 difficult}7, some test objects are more appealing 
than others. Lt any choice of instruments for use, the preference of 
examinees may become the deciding factor after all other objective 
criteria have been applied in the selection process. 
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Section Vi. SUMMARY AND CONCLUSIONS 
• — 

1. Dato 
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 

cliart 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 Adjutant General's 
Office. The tests, test booths, and procedures employed are described 
in sections II, III, and IV of this report, 

b. Data collected from the administration of vision tests in three 
commercial devices (Bauscli and Lomb Orthorater, American Optical 
Sightscreener, and Keystone Telebinocular). «'»H chart acuity tests, 
and MaddoxRod phoria tests to 128 subjects. This data was collected 
by United States Navy personnel at Medical Research Department-, 
United States Submarine Base, New London, Conn. The devices, 
tests, and procedures employed are described in previous Navy publi- 
cations. 

2. Treatments of the Data 
The main object of the study is to determine the aspects or factors 

present in the vision tests employed. From the study of the 14 wall 
chart tests, results are presented showing the factors in visual acuity 
(far) tests. From the study of three commercial devices and other 
tests, the factors in far and near acuity, depth, and phoria tests are 
presented. In addition, for the 14, wall chart tests, results are pre- 
sented showing the test-retest 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 instruments based upon 
determinations of how they operate in their present form. 

3. Findings and Conclusions From Factor Studies 
a. ANALYSIS öF THE FOHT DIX DATA (FACTOKS IN VISUAL ACIMTV 

TEST [FAR]). Four 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. 

I ww 

Factor I, Retinal Resolution, accounts for most of the test score 
variance on all of the tests; It is measured quite purely by the Bausch 
and Lomb Checkerboard and the Checkerboard Variable Grid Test (7 
and 13); Letter Tests (5, 8, 2^ and 11), Dot Variable Size-Test (3), 
and Line Resolution Test (9) measure this factor to about the same 
extent as do the checkerboard tests. About 80 percent of test score 
variances on all of these tests is accounted for by factor I. 

Factor II, Brigkmww Discrimination* is measured best by the Quad- 
rant (4), and Dot (10) Variable Contrast Tests, but other tests, such 
as Line Resolution (9) and, Vernier Acuity (14), have 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 contrast tests factor II accounts for about 16 percent of 
score- variance while factor I accounts for about 35 to 45 percent of the 
variance. 

Factor 111, Form {Letter) Perception, accounts for as much as 10 
percent of test score variance on Letter Teste (5, 8, 2,11). It also ap- 
pears, though 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 30 percent) for test score variance on the Triangle 
(6) and Square (32) Discrimination Tests. It does not have signifi- 
cant factor loadings on any other test. 

From these and other findings it is concluded that— 
(1) Retinal Resolution (I), the general factor, is the basic concept 

underlying visual acuity measurement at 20 feet, with the present 
set of tests. 

(2) Only the Bauscli and Lomb Checkerboard and Checkerboard 
Variable Grid Tests purely measure Retinal Resolution. For all of 
the other tests, lesser loadings, are found on either Brightness Dis- 
crimination (II), Form (Letter) Perception (III), or Simple Form 
Perception (IV) factors. 

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

(4) Tests which measure Brightness Discrimination (II), Form 
(Letter) Perception (III), and Simple Form Perception (IV), do so 
inadequately in their present form since Rational Resolution (I) 
accounts for so much more of test score variance. 

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

((5) 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 except that due to error in measurement. 

b. ANALYSIS OF SUBMARINE BASK DATA. Nine factors have been 
finally or tentatively identified by the analysis of tests employed in the 
three commercial devices, wall charts, and Maddox Rod phoria tests 
(see sec. V, par. 3).  They are: 

Retinal Resolution. 
Form (Letter) Perception. 
Resistance to Interference. 
Depth Perception. 
Lateral Phoria. 
Near Lateral Phoria (Convergence Efficiency). 
vertical Phoria. 
Antifusion Factor. 

(1) Factors in acuity tests. Factor A, Retinal Resolution, has 
significant loadings on all acuity tests (1-20) and on all depth tests 
(27-36) as well. The loadings are highest for the far tests (1-13) 
and slightly lower for the depth tests (27-3(3) than for the near teste 
(14r-26). This factor is undoubtedly the basic measure of visual 
acuity, and is accordingly named Retinal Resolution. 

Factor B, Aoeo-nvmadtition, has significant loadings on all near tests 
(lJr-2G of table XIY) and on near depth tests (35-3(5 of the table) as 
well. With few exceptions, loadings of the factor on other tests are 
insignificant. 

Factor C, Form {Letter) Perception, has significant loadings on all 
wall charts which are also letter charts (1-5 and 14r-l(i, table XTV). 
Significant or near significant loadings appear on machine letter charts 
(10-13, 21-22. and 25-26), and Telebinocular near (circles) test (23- 
24). Nearly significant negative loadings appear on Telebinocular far 
depth tests (29-30). All require form naming. On other tests load- 
ings are insignificant. 

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

(2) Factors m depth tests. Factor E, Depth Perception, has load- 
ings on all depth tests and only on depth tests. The loadi ngs 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. 

(NOTE.—A Sightsereener Depth Spec-ilk factor is identified as Factor F in the 

(3) Factors in phoria tests. Far-tor F, Lateral Phoria (identified 
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as factor A in thcunalyses, see table XVII), has loadings on all lateral 
tests, far (17-27 in the table) and near (28-38), and loadings are 
significant only for these tests. Generally, 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 (50.4- 
percent) . 

Factor G, Near Lateral Phoria (Convergence Efficiency) (identified 
as B in the analysis), has loadings on only the near lateral, phoria 
tests. Tests with control of fusion (32-33 and 38) show loadings 
almost identical to those for tests having no such control (28-31 and 
36-37). 

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

Factor I, Aniifuxion (identified as D in the analysis), has loadings 
on all Maddox Rod measurements (9, 10, 27, 38), on the excursion 
measurements on (he Orthorater (21-22 and 32-33) and on the Sight- 
M-reener vertical phoria tests near (14r-lo) and far (5-6). An attempt 
to prevent (he action of the fusion center is common to all these tests. 

NOTK.—A Vertical-Rest factor is identified as factor E in the analysis with 
loading only on the original far vertical phoria tests. 

An Orthorater (Near vertical^ Specific factor is Identified as Factor F in 
(lie analysis. 

An Orthorater (Far Lateral) Specific factor is identified as Factor G in the 
analysis. 

Other devices are seen to possess similar specific factors by the many large 
residuals remaining in tables XV and XVI. 

(1) Relationship uf factors (see table XIX). Eetinal Resolution, 
Accommodation. Form (Letter) Perception, Resistance to Inter- 
ference, and Depth Perception factors all have zero or near zero 
loadings on. the phoria tests. Similarly, the Sear Lateral (Insufficient 
Convergence) and Excursion i Antifusion) factors hare zero loadings 
on all acuity and depth tests. / 

The lateral phoria factor has consistent negative, although not 
quite significant loadings on the three near vision tests (4r-6). These 
loadings indicate a positive relationship between extreme exophoria 
and difficulty 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 Vortical 
Phoria Factor (G in the analysis), 

(5) From these and other findings it is concluded that— 
(a) Retinal Resolution (A) is the basic concept underlying measure- 

ment of visual acuity. 
{h) Xear acuity and depth tests are greatly influenced by the re- 

solving power of the retina.   Kear acuity and depth test scores should 
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- either be corrected on the basis of far test scores ör should be de- 
termined only after proper lenses to bring far vision to normal have 
ibeen supplied to all subjects. 

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

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

(e) The Form (Letter) Perception Factor (C)} plays a lesser role 
in the tests and may enter test scores as an unnecessary complication. 

(/) ^Resistance to Interference, Factor (D), is a source of test score 
pollution related to defects in the design of certain test charts, which 
interfere with visual perception. 

(g) $ince all presently available acuity and depth vision tests, wall 
chart or machine, have large parts of their variance determined by 
nonpertinent factors much remains to be done to make them really 
satisfactory. 

(h) 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. 

(i) Lateral Phoria, Factor (F), appears to be a general measure of 
Lateral Phoria. far and near, with machine tests measuring it better 
than the Maddox -Rod test. 

(;') ISTear 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. 

(k) Interpupillary distance is unrelated to pnoria scores as meas- 
ured by the present study. 

(I) As in the case of 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) Bi general it is concluded that all nine 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. 

4. Reliability of the 14 Wail Chart Tests (see Sec. V, par. 1} 
Of the seven methods of scoring attempted in this study there is 

little to choose between method C, number- right to two consecutive 
misses and method G, number right to three consecutive misses.   Both 

are highly intercorrelated.   If anything, method G gives the liigheit 
test-retest intercorrelations.   They are i 

Tost 

.1        ,X>f 0/»4irt/v. 
*  .       A    • «tvt'lVX« -  -    »   -    ---.».   P.    .    <•»_*•• 

2. Army Sncllcn. - -.     
3. Dot Variable Size   
4. Quadrant Variable Contrast 
5. New London Lelter__„... 
6. Triangle Discrimination  
7. Bausch and Lomb Checker- 

board._      ... 

K's 

0.80 
.88 
.85 
.57 
.88 
.69 

.79 

Test 

8. A AF Letter   
9. Line Resolution .._. 

10. Dot Variable Contrast-, _. 
11. A AF Constant Decrement. 
12. Square Discrimination  
13. Checkerboard   Variable 

Grid    
14. Vernier Acuity ^. 

K*s 

.89 

.85 

. 43 

.87 

.44 

.81 

.80 

When the Spearman-Brown prophecy formula is applied to tests 
-1, fi, 10. and 12 of this list, doubling test; length raises the respective 
correlations to 0.74. (»..si, O.fifi, and o'.ßj. 

Prom 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 
Variable Contrast, and Square Discrimination. 

h. 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 become more reliable. 

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

a. SICKWNESS. Most of the tests are severely negatively skewed. 
These are tests 1, 2, 3, -t. 7, S, 9, 11, and 14, showing that they are 
either too easy in their present forms or are prone to-inethodological 
influences leading to negative .skewncss. Tests 6,10, and 12 are posi- 
tively skewed.   Test 5 is irregular, but shows some negative skewness. 

ft. MIXOH MODES. Several of the tests are too difficult for the poorer 
eyes tested. They all show minor modes at zero or near zero score 
and are tests 3. -J-, 5, 6. 7, S, 10, 11, 12 and 13. Tests with pile up of 
near perfect; scores include tests 6 and 9. 

c. From these and other findings it is concluded that none of the 
present; tests show all the requirements of adequate measuring 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. 

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

Item difficulty analyses confirm the inadequacies ox the present tests 
as measuring instruments. The relation of number of successes made 
by high, middle, and low ability (total score) groups on each of the 
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' fee- 
test items 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 arc 
discrimination over too narrow ranges of items and incomplete meas- 
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 items shows that greater 
variability in the difficulty of items of like size ocelli's in letter charts 
than in nonletter charts. Letters of the Army Snellcn and the Kew 
London Letter tests are particularly variable in (his respect with (he 
AAF Letter test items being considerably less variable. 

There are some indications that the method of test administration 
as well as the mode of presentation of items may bear considerably 
on the action of individual items. From these and oilier findings 
it is concluded that— 

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

b. Lines of items of equal difliculty should be completely attempted 
rather than stopping tests in the middle of any line. 

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

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

An analysis of the variance due to differences in test booths shows 
that in only the Quadrant Variable Contrast are booth differences sig- 
nificantly higher than what is expected by random sampling (o 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 no tests did this variable ac- 
count for differences significantly greater than that expected by ran- 
dom sampling (5 percent level). 

An analysis of the variance clue to diurnal variations in testing 
time shows that in only the Practice Test arc differences found that 
are other than what would be expected by chance (o percent level). 
Jfrom these findings it is concluded that— 

a. On most of the tests variables in testing procedure resulted in 

£-1 

no significant variations other than those expected by chance^ n e.^ 
controls were adequate. 

1). Scattered significant influences of variables in the testing pro- 
cedure (on Quadrant Contrast, Dot Contrast and Square Discrimina- 
tion Tests) indicate the need for continuous study of testing conditions. 

8. Relationship 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 zero 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 known to account for test score variance in 
AGCT. 

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

From tabulations of opinions as to which tests, of the 14 wall chart 
types emjuoyed 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 lciast 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. 

ti 
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:? Appendix A 

DETAILED SPECIFICATIONS FOR THE CONSTRUCTION OF 
TEST CHARTS 

Theory of construction. As briefly described in section 111 of this 
report, the test charts for the study were constructed according to 
two principles of scaling item characteristics: Snellen type, units 
bearing relationship to a theoretical concept of normal acuity, reso- 
lution of two points separated by a space subtending one minute of 
visual angle: and units bearing a logarithmic relationship to the 
visual angle. 

The preconceived opinions of normal visual acuity generally held 
with respect to the Snellen units in the measurement of visual acuity 
has made it appear expedient for the Personnel Research Section, 
The Adjutant General's Office, to abandon the use of these units in 
favor of an arbitrary system completely divorced from any precon- 
ceived concepts of normal acuity. It was decided that the physical 
basis of unit to be used would be the visual angle, and that (he AGO 
visual acuity unit would bear a logarithmic relationship to its physi- 
cal counterpart, the visual Angle (the usual ps}'chophysical relation- 
ship). Starting from the assumption that perceivable increments 
in visual discrimination bear a constant relationship to the point of 
change and arbitrarily setting this constant at 2, the formula for the 
derivation of AGO visual acuity units was set at: 

V- 
Qin : (10 -Log. X=Ln«r-— a" A. 

in which U is equal to the AGO visual acuity unit and A is equal 
to the visual angle. This unit has the property of being positive 
throughout the normal range of vision and yet describes in small 
enough units to he easily handled, "Visual angles may readily be con- 
verted, to AGO A'isual units with the use of a. H-phicc table of log- 
arithms to the base 10. .The. following formula, may be used fur this 
purpose: 

27=10- ±°Bl±A 
0.30103 

Similarly AGO visual units may be converted to visual angles by 
the formula: 

Log,,, A =(0.30103) (10-27) 
A = Antilog,,, (0.30103) (10- TJ) 
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The attached table is provided for converting AGO units to visual 
angles in minutes. It also gives computations of the physical equiva- 
lents of the visual angles in- Snellen units, Grow (Navy) units, and 
subtenses in inches at the 20 feet observation distance. 

Los»   2» 
(angle) 

Visual acuity conu&rtion table 

AOO score Visual angle 
(minutes) Snellen unit Gfow unit Tnches at 20 feet 

15.50 0.022 20/0.4 909. 1/20 0. 00155 
.026 20/0. 5 769. 2/20 . 00183 

15.00 .031. 20/0. 6 645. 2/20 . 00218 
.037 20/0.7 540. 5/20 . 00260 

14. 50 . 044 20/0. 9 454. 5/20 . 00310 
.052 20/1. 0 384. 6/20 . 00366 

14.00 .062 20/1. 2 322. 6/20 . 00436 
.074 20A. 5 270. 3/20 •     . 00520 

13.50 .OSS 20/1. 8 227. 3/20 . 00619 
. 105 20/2. 1 190. 5/20 . 00733 

13.00 . 125 20/2. 5 160. 0/20 . 00873 
. 140 20/3. 0 134. 2/20 . 01039 

12,50 .177 20/3. 5 113. 0/20 . 01235 
i .210 20/4. 2 95. 2/20 . 01466 

12. 00 .250 20/5. 0 80. 0/20 . 01746 
.297 •20/5. 9 67. 3/20 . 02078 

11.50 .354 20/7. 1 56. 5/20 . 02470 
,421 20/8. 4 47. 5/20 . 02933 

11.00 .500 20/10. 0 40. 0/20 . 03492 
10.75 . 595 20/11.9 33. 6/20 . 04156 
10.50 .70S 20/14. 2 28 2/20 . 04940 
10. 25 .842 20/16. 8 23. 8/20 . 05S66 
10.00 1.000 20/20. 0 20. 0/20 . 06984 
9.75 1. 1S9 20/23. 8 16. 8/20 . 08311 
9.50 1.416 20/28. 3 14. 1/20 . 09880 
9. 25 1. 685 20/33. 7 11. 9/20 . 11733 
9.00 2.000 20/40. 0 — 10. 0/20 .13968 
8.75 2. 378 20/47. 6 8. 4/20 . 16622 
8 50 2.828 20/56. 6 7. 1/20 .19760 
8. 25 3. 364 20/67. 3 5. 9/20 .23466 
& 00 4.000 20/80. 0 5. 0/20 . 27936 
7.75 4.757 20/95. 1 4. 2/20 . 33244 
7.50 b. bot 20/1-13.1 3. 5/20 . 3.9520 
7. 25 6.727 20/134. 5 3. 0/20 '. 46932 
7.00 8.000   • 20/160. 0 2. 5/20 .55872 
6. 75 9. 514 20/190. 3 2. 1/20 . 66488 
0.50 11. 131 20/222. 6 1. 8/20 * . 79040 
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TEST 1.—Ttvctica Test. 

The figures are squares with sides inclined at 45" to the horizontal. The width 
of the side lines is one-flfth the length of a side. One corner of each square has 

•a squar« break equal in width to the width of a side line. The location of the 
break varies from figure to figure lit chance order. The following table shows 
the number of figures, the width of the figures., and the width of the stroke in 
eaeh:ngures for eatdi tow, ©iuiensions are given in inches. 

Row Group AGO unit 
Visual ftiiglo 

ofstroko 
Subtense of 

stroke Snullcn unit Number of 
(minutes) (inches) equivalent items 

1 1 6.67 10.000 0.700 20/200. 0 0 
2 2 7.2-1 6, 762 . 472 20/135. 2 3 
3 3 7. SI 4. 556 .318 20/91. 1 4 
4 4 S. 3S 3. OSl .215 20/61. 6 4        ! 0 5 S. 95 2.076    « . 145 20/41. 5 4 

G 9.51 1. 404 .Ü9-S 20/2S. 0 4 
6 i 10. OS . 945 ; .066    ' 20/1S. 9 4 

S 10.66 .631    ! .044    ' 20/12. 0 4        ' 
9 11.22 . 430    ' .030    . 20/8. 6 4            '• 

TEST 2.—Army SneUcn 

The sizes öf all letters decrease from the top row down, and the nuKib.».- ^r 
letters per row increases as the size .decreases. The width of the stroke decreases 
with the size. In Snrllcn steps, the letters in succeeding fuss from lop to bottom 
are: 

Eow [      AGO unit Visual nngle of Subteiisr cif i     Snclicn unit Number ut f I stroke (minutest stroke (indies! 

0.700 

1     equivalent 

i     20/200.0 

items 

1 6. 6S 10. 000 1 2 7.68 5.000 .349 20/100. 0 2 
3 8. 19 3.500 . 244 20/70. 0 3 
4 8.68 2. 500 .175 20/50. 0 4 
0 9.00 2.000 20/40. 0 5 
6 9.42 1.500 . 105 20/30. 0 6 
7 10.00 1.000 .070 20/20.0      i 7 
8 10.29 .750 . 052 20/15.0     | S 
9 11.00 .500 

I 
.035 20/10.0      ; U 
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TEST Z.—rDol VatiiaMemzc 

A dot of constant blackness is located irröriB-öfföüf cöfnOiB-öf a-eöhstant-sized 
white diamond on a field of uniform gray. In each row, there are four diamonds 
containing dots Of equal diameter. The diameter of the dots decreases from the 
top row down. There are two charts, chart B being a continuation of chart A. 
The dots are located in the corners of the diamonds in chance order. 

The following table gives the diameters of the dots in inches for each row: 
(  '•- • ———  

1 
;        How 

1 
AGO unit 

m 

Visual angle of 
Dot diameter 

(minutes) 
Dot diameter 

(inches) 
SSiellen unit 
equivalent 

Number of 
items 

1 
j    (Chart A) 

1            1 9.25 1.685 0. 117 20/33. 7 4 
2 9.50 1. 416 .099 20/28. 3 4 
3 9.75 1. 198 .083 20/23. 8 4 
4 10.00 1.000 .070 20/20. 0 4 
5 10.25 .842 .059 20/16. 8 

0 10.50 .708 .049 20/14, 2 4 
(Chart B) 

.1 10 75 .595 .042 20/11. 9 4 
2 11.00 .500 . 035 20/10. 0 4 

3 11.25 .42! .029 20/8. 4 4 

4 11. 50 .354 .025 20/7. 1 4 
5 11.75 .297 .021 20/5. 9 4 

12. 00 .250 .017 20/5. 0 4 

TEST 4.—Quadrant Variable Contrast 

Each figure consists of 3 quadrants of a constant-sized square similar in shape 
to an arrowhead. The shade of the figure varies from darker than the background 
to a shade which almost matches 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- 
cally in a chance order. * 

Reflectance values for the figures and the background and the contrast values 
for each item arc as follows: 

Items: Chevrons Reflectance: R 
(Iterccnt) , * 

Reflectance* differ- 
ence {JRuz-R„) 

Contrast (Rh,—It„) 
Row, 

(«'s) 
t 

lit, 

! 

1      I. 63.4 9.8 0. 134 1 
o 05.3 7.9 . 108 1 

i      3 67. 1 6. 1 .083 1 

l      4....   .... fiS. 7 4.5 . 061 .2 

5.  .   _ 69.9 3.3 . 045 2 

0..  70. S 2. 4 .033 2 

7  71. 4- 1.8 .025 3 

8   72.0 1.2 .016 3 

9  72, 4 .8 .011 3 

10. ...   ._. 72.8 .1 .005 ,1 

•IMIioUiniv of (he background (by): 73.2percent. 
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TEST 5.r—New London Leiter 

The letters in each-row are equated for difficulty and arc of equal size and equal 
stroke width. The size of letters and the width of stroke decreases for succeeding 
rowstfrom top to bottom.    The s]>ecincations for letters in each row are as follows; 

Visual ungki of Subtense of Stielten unit Number of 
Jt»JW ÄÖO unit. stroke (minutes) stroke (inches) equivalent items 

1 9. 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. 1S9 .083 20/23. 8 S 

5 10.00 1.000 .070 20/20. 0 s 
6 10.25 ,. S42 .059 20/16. S S        ! 

7 10.50 .708 . 049 20/14. 2 s 
S 10.75 . 595 . 042 20/11.9 s 
9 11.00 . 500 .035 20/IG. 0 s 

10 11. 25 .421 .029 20'S. 4 s 
U 11.50 .354 .025 20/7. 1 s 

TEST. 6—Triangle Discrimination 

Each figure consists of 4 parts. These are placed about a circle in 90" intervals, 
their apexes touching the circle. Three of the parts are equilateral triangles. 
measuring 1.5 inches on a side. The fourth part is identical with the others hi all 
Tespects except that the side opposite the ajiex is bowed convexly. The convexly 
bowed side is constructed by drawing tin arc of radius (ri ffuni n point ai distance 
(rf) from the original line of the true triangle so that this part is equal in area to 
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 arc for the eonvt-.-dy !......„,! 

and the distance (rf) from the edge of the true ifaiisgle to center of arc in inches. 
There are two figures for each row. 

f 

Row           \               T               \               d 1                                 1 

(Chart A) 

1—  
2   
3-  
4  

1.060 
1.856 
3. 250 
4. 020 
4. 971 

6. 149 
7. 604 
9.405 

11. 632 
14. 387 

0. 9764 
1.8076 
3. 2220 
3. 9971 

5 ...  . 

(Chart B) 

1  
2..  

4. 9521 

6. 1339 
7. 5916 

3...  
4__  

9. 3943 
11. 62i? 

5  14. 3809 

J. 403 
2. 450 
3. 614 
4. 470 
5. 529 

0.838 
8. 457 

10.459 
12.937 
1(5. 000 

1. 3394 
2.4193 
3. 5885 
4. 4494 
5.5114 

6. 8233 
8. 44-18 

10.'1495 
12.9281 
15. 9923 

TEST 7.—-Bausch andLomb Checkerboard 

This is the same test used in the Bausch ana Lomb Orthorater increased in 
size for use at 20 foot. It consists of a square grouping of 4 squares, one of which 
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 square with the coarser 
grid varies in location from figure to figure in chance Order. Each-group decreases 
in size from top to bottom. The individual squares comprising the checkerboard 
grid decrease in size as follows: 

How AGO unit 

(Chart A) 

2 
3 . 
4 . 

(Chart B) 

5 . 
6 . 
7, . 
K, . 
B-.     - 
10 ... 
11.  

Visual angle of 
grid square 
(minutes) 

Subtense of 
grid square 

Sncllcn unit 
equivalent 

9.00 
9. 25 
9. 50 
9. 75 

2.000 
1. 685 
1.416 
1. 1S9 

0.140 
. 117 
.099 
.083 

Number of 
items 

20/40. 0 
20/33. 7 
20/28. 3 
20/23. 8 

10.00 1.000 
10. 25 .842 
10. 50 .708 
10. 75 . 595 
11.00 .500 
11.25 .421 

-  j      11.50 .351 

i        .070 20/20. 0 
|        .059 20/16.8 

** * r\ Ort/U    9 j         . uay £\*i -i -*T £ 

. 042 20/11.9 
. 035 20/10. 0 

i        .029 20/8. 4 
1        .025 20/7. 1 

2 
4 
4 
4 

4 
4 
4 
4 
4 
4 

TEST S.—AAF Letter Test 

There are. 6 letters in each row equated for difficulty and of equal size and stroke 
width. The size of letters and the width of stroke decreases for succeeding rows 
from top to bottom.   The specifications of the letters in each row are as foljows: 

AGO unit 
Visual angle of 

. stroke (minutes) 
Subtense of 

stroke (inches) 
Snellen unit 
equivalent 

2.000 
1.685 
1. 416 
189 
000 
S42 
708 
595 
500 
421 
354 

0.^40 
. 117 
.099 
.083 
.070 
.059 
.049 
.042 
.035 
.029 
.025 

20/40. 0 
20/33. 7 
20/28. 3 
20/23. 8 
20/20. 0 
20/16.8 
20/14.2 
20/11. 9 
20/10. 0 
20/ 8. 4 
20/ 7. 1 

Number of 
Items 

6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
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TK!>'J,*"9.^—Line Resolution 

A line of constant blackness and length extends from the center and points to 
1 of 4 corners of a constant-sized white diamond on a field of uniform gray. In 
each row there are 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 chart A. The width of the lines, decreases from 
the top row down as indicated below. 

Row 

(Chart A) 

1 
2 
3 
4 
5 
6 

(Chart B) 

1 
2 
3 
4 
5 

AGO unit 
Visual angle of 

lino width 
(minutes) 

10.00 1.000 
10.50 . 70S 
11.00 .500 
11.50 . 354 
12.00 .250 
12.50 .177 

13.00 0. 125 
13.50 . OSS 
14.00 .062 
14. 50 . OH 
15.00 .031 

. 022 

Lino width 
(Inches) 

069S 
049-1 
0349 
0247 
0175 
0124 

Snellen unit 
equivalent 

Number of 
Items 

20/20. 0 
20/14. 2 
20.40.0 
20,7. I 
20'5.0 
20 '3. ."> 

00S7 20/2.3                1 
0062 20 1. N                1 
0044 20 1.2                1 
0031 ''M'0.9                I 
0022 20 0. 6                1 
0016 20 0. 4                1 

TEST 10.—Dot Variable Contrast 

Hows of uniformly gray diamonds of constant size arc 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 located. Contrast between dot 
and diamond decreases in each row from left to right and from the lop row down. 
The dots are located in the corner of the diamonds in chance order. 

Beflectance values for the dots and diamonds arc as follows: 

Items: dots (jit) 

1—... 
2  
3 .. 
4____ 
5  
6 .. 
7  
8..... 
9  

10  

Reflectance- 
R 

(percent) 

72.0 
71.4 
7Q. S 
69.9 
68.7 
67. 1 
65.3 
63.4 
61.2 

Reflectance* 
difference 
(liht-Itji) 

1.2 
1.8 
2. 4 
3.3 
4.5 
6.1 
7.9 
9.8 

12.0 
15.4 

Contrast 
(Iht-Jijo 

/2>, 

0.016 
. 025 
. 033 
. 045 
.061. 
.083 
.108 

How 

.164 

.211" 

1 
2 
2 
2 
3 
3 
3 
1 

"Reflectance of the background (?>?): 73.2 percent. 
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TEST 11.—AAG Constant Decrement 

The si;se of each letter and width of Stroke decrease from letter to letter acroes 
each row and from top to bottom of the chart. Each letter decreases one Snellen 
step in size from left to right and top to bottom. Specifications for the size of 
letters, are: 

Visual angle 
1 

Subtense of 
Item AOO unit öfätroko of stroke Snellen unit 

(minutes) (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 TI) 

4 9. 11 1.850 . 129 20/37 
Ö 9. 13 1. SOO . 126 20/36 
6 9. 19 1. 750 . 122 20/35 
7 9.23 1.700 .119 20/34 
S 9. 2S 1. 650 . 115 20/33. 

9 9. 32 1. 600 . 112 20/32 

tRow im 

10 9.37 1. 550 . 10S 20/31 

11 9.41 1. 500 . 105 20/30 

12 9. 40 1. 130 . 101 20/29 

13 9. 51 1. 400 .09S 20/28 
14 i    ozn 

x. uuO .094 20/27 

15 9.62 1. 300 .091 20/26 
in 9. as 1.250 .087 20/25 

17 9. 74 1.200 .084 20/24 

,    1 Row 1V) 

|           JS 9. SO 1. 150 .OSO 20/23 

.19 9. S6 1. 100 .076 20/22 

20 9.93 1. 050 .073 20/21 

1           21 10.00 1.000 .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) 
or? 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 

j          36 12.00 .250 ! .018 20/5 

ißsS^SSXÄ^ 
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TEST 12.—Square Discrimination 

The areas of all figures are equal to 1 square inch. Of the 0 figures in each row 
1 is not a square. The sides of this odd figure arc arcs of radius (r) drawn from a 
point at distance (rf) 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) figure and the distance (e/) from edge of the original 
square to center of arc in inches. 

Row r d How . r d 

(Chart A) (Chart B) 
* 

1 0. 564 0. 499S 1 S. 572 8. 5657 
2 1.019 . 9822    1 2 9.371 9. 3655    l 
3 1.S40 1. S1SS   { 10. 245 10.2400 
4 3.383 3. 3107 !             4 11.200 11. 1960 
ö 0. 000 5. 9928 

i 
0 12. 24 5 12.2400    { 

6 0. 560 6. 552S li 13.387 13. 3S35 
- 
i 7. 172 7. 1631    i 7 1-1. 635 14. Ü307 
s 7. S41 7. 8350 S 16.000 15.9966 

TEST 13.—Checkerboard \'ariablc Grid 
/• 

This test uses the same figure as the Bausch and Lomb Checkerboard Test, 
öxvcpl thai the figure size remains constant while th-"- individual squares making 
up the checkerboard grid of the odd square decrease in size for each succeeding 
row. The checkerboard grid is of conUant size for each of the 4 figures in a row. 
The location of the square containing the checkerboard grid is distributed in 
chance order among all the figures. There are two charts, chart B being a con- 
tinuation of chart A. The sizes of the individual squares making up the checker- 
board decrease as follows: 

Row AGO unit 
Visual 8üK!C of 

grid square 
(inlnulco 

Subtense of 
Krld square 

.*iiviirii IIIML 
equivalent 

o'liitimirof 
Items 

..._  
i 

(Chart A) 
1 9.00 2.000 0. 140 20/40. 0 4 
2 9.25 1.685 . 1!7 20/33. 7 4 
3 9.50 1.416 .099 20/28. 3 4 
4 9.75 1.189 20/23. 8 
5 10.00 1.000 .070 20/20. 0 4 
6 10. 25 .842 . 059 20/16. 8 4 

(Chart B) 
• 

7 10. 25 .842 .059 20/16. 8 4 
8 10. 50 .708 .049 20/14. 2 4 
9 10.75 . 595 . 042 20/11.9 1 **- 

10 11. 00 .500 .035 20/10. 0 4 
11 11.25 .421 .029 20/8. 4 4 
12    • 11.50 .354 .025 20/7. 1 4 

TEST 1*4.—Vernier Acuity 

The opposite arms of the cross have a combined length of 2.8 inches and a 
width of line of 0.22 inch. A segment of 1 arm half the distance from center of 
the cross to end of arm is displaced in a clockwise directiou. The amount of 
displacement in inches and the number 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.    Specifications are as follows: 

Row of tlio Visual angle Displace- Number of - Group charts AGO unit of displace ment items, iotal per 
(minutes) (inches) row in (  ) 

(Chart A) - 
x 1 S- 16 3. 583 0. 250 2(2) 
o 1.2.3 8.34 3. 150 . 220 4 (1, 2, 1) 
3 3,4 9.08 1.891 . 132 4 (2, 2) 
4 5,6 9.82 1. 131 .079 4 (3, 1) 
5 6, 1 of 

Chart B 
10.57 .673 .047 4 (1, 3) 

(Chart B) 
6 2,3 1L32 .400 .028 4 (2. 2) 
~ 12.04 . 243 .017 4 (1, 2, 1) 
S 5,6 12.81 . 143 .010 4 (2, 2) 

152 
7!) in-»!     -JS I 1 153 
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Appendix B 

ANSWER SHEET FOR 14 VISUAL ACUITY TESTS USED AT 

FORT DIX, NEW JERSEY 
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Appendix C 

CODING SHEET FOR PERSONAL DATA AND VISUAL ACUITY 

TEST RESULTS 

VISUAL ACUTIX 
^075 

NAME. ASII. 
laat firot lalfldlo 

  
1   CAKD liO                    (1-t) 7 5 0 1 26    (5)      DOT VAR SIZE            (55-50 

2   MAN 110                      (5-8) 27    (*0      QUAD YAH COOT          (37) 

3   OSXS.TER                  (9) 2C (3)   itE-rf LCK             Cjr-;?) 1 

U    DXAKU.TK                   (10) Z-9    (6)      TM DISC                    (-C) 

5   ASTIGMASTISM          (ix) 30    (7)      3 £. L CHECK              (^l-'-C) 

6   TEST LIKHD MOST    (12) J«l    (0)      AAF LETTER                (hj-Uh) 

?   TEST LIKED LEAST (15) J2    (?)      LBr» HES                    Pv'—ß) 

:?    (10)    DOT VAJ:                      (I?) G   ^£ES TLKED?            (li») 

9   IHK3GULARITIE3      (15) 3V   {u)   AA? co:;                  (l*£-!*9) 

10   CLASSES                    (16) 3:.   (is)   so DISC                 (50) 

U   ACS                             (17) ?<"•    (15)    CHECK YAR CKID        (51-52) 

12   AGCT                            (18) 37   (iU)   VEK; Acuxri          (53-5-'0 

13    SCHOOL                       &<» 58    (1)      28ACTICS                    (55^-6) 

l!*   EEST                          (20) 39    (2)      SJELLEJI                      (57-53) 

15   HE? SKELLE3I          (21) tO    (3)      DOT VAR SIZE            (59-60) 

16   HEALTH                      (22) iJl    (l()      CHAD VAH CCHiT           (6l) 

17   DATE                          (23-21»)          | •<2    (5)      SEW LCWDOU                (62-63) 

18   HOUR                          (25) U3    (6)      TRI DISC                    (&i) 

19   TEST-HETEST            (26) hk    (7)     3 & L CHECK              (£5-66) 

20   DRUGS                        (27) U5    (8)      AA? LETTER                (67-68) 

21   FIRST TEST              (28) -6    (?)      LUiE RESOL                (69-70) 

22   EACE                          (2?) >>7   (10)   DOT VAP. coirr         (71) 

23   BOOTH KO                  (30) !-3    (11)    AAF CONST DSC          (72-73) 

2U    (1)    PRACTICE        (31-32) !»9    (12)    SCI DISC                      (7I1) 

25    (2)    SIIELEEN          (33-3>0 50    (13)    CHECK VAR GRID        (75-76) 

51    (11*)    VERÜ ACUITY              (77-78) 

Appendix D 

INSTRUCTIONS FOR INDIVIDUAL TESTS USED IN THE FORT DIX, 
NEW JERSEY, VISUAL ACUITY STUDY 

INSTRUCTIONS TO EXAMINER Test 1 

PRACTICE TEST 

Say to Examinee 
First, there will be a practice test to help you understand the test 

procedure.   One chart will be used in this test. 

Show Hand Chart 1 
Here is a sample of the figures you will see on the chart. Notice that 

one corner of each figure is missing. You are to tell me which corner 
of each 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. Keep going until I 
say, '"That is enough." 

Are there any questions (   Get ready.   Keep both eyes open. 
Go ahead. 

INSTRUCTIONS TO EXAMINEE 

ARMY SNELLEN 

Test 2 

Show Hand Chart 2 and Say 
Here is a sample of letters you will see in this test. Call off each 

letter as -vou come to it. The letters get smaller and harder to see. 
Keep trying. Guess if 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." 

Are there any questions?   Get ready. 
Go ahead. 

1NSTRUCTK)N8 TO EXAMINER Test S 

DOT VARIABLE SIZE (CHARTS A AND B) 

Show Hand Chart 3 and Say 
Here, is a sample of what you will see in this test.   Notice the dot in 

corner of each diamond.   Tell me where vou see the dot in each 



'HS diamond by saying: top, bottom, right, or left. The dot gets smaller 
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, are two 
charts for this test.   Keep going until I say, "That is enough." 

Are there any questions ?   Get ready. 
Go ahead. 

INSTRUCTIONS TO EXAMINER Test A 

QUADRANT VARIABLE CONTRAST 

Show Hand Chart 4 and Say 
Here is a sample of what you will see in this test. Each figure is 

like the head of an arrow. Tell me in which direction each arrow 
is pointing by saying: top, bottom, right, or left. The arrow gets 
dimmer and harder to see. Keep trying. Guess if 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." 

Are- there any questions'?   Get ready. 
Go ahead. 

INSTRUCTIONS TO EXAMINER 

NETY LONDON LETTER 

Test 5 

Show Hand Chart 5 and Say 
Here is a sample of letters you will see in this lest. Call off each 

letter as you come to it. The letters get smaller and harder to see. 
Keep trying. Guess if 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." 

Are there any questions?   Get ready. 
Go ahead. 

INSTRUCTIONS TO EXAMINER Test U 

TRIANGLE DISCRIMINATION [ClJAh'TK A AND B) 

Show Hand Chart 6 and Say 
Here is a sample of what you will see in this test. Notice the 4 

triangles in each figure. One triangle ha.- a cu rved outer j-ide. Tel I me 
which triangle has a «--iirwd side by saying: top. bottom, right, or left. 
The curved side «rets harder to see. Keep trying. Gue.ss i f you are not 
sure.   Remember, r-tart v.ith the top row.   Read from left to right. 
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There are two charts for this test.   Keep going until I say5 *"Xhat is 
enough." 

Are there any questions?   Get ready. 
Go ahead. 

INSTRUCTIONS TO EXAMINER . Test 7 

BA mCH AND LOMB CHECKERBOARD {CHARTS 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 figure. One diamond is like a checkerboard. 
Tell me which, is the checkerboard 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." 

Are there any questions?   Get ready. 
(Jo ahead. 

INSTRUCTION'S TO EXAMINER 

AAF LETTER TEST 

Test 8 

Show Hand Chart 8 and Say 
Here is 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 see. Keep 
trying. Guess if 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." 

Are there any questions?   Get ready. 
Go ahead. 

INSTRUCTIONS TO EXAMINER 

LINE RESOLUTION (CHARTS A AND B) 

Test 9 

Show Hand Chart 9 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 
diamond by saying: top, bottom, right, or left. The line gets smaller 
and 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." 

Are there any questions^   Get ready. 
(JII ahead. 

""-r-"-" 
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INSTRUCTIONS TO EXAMINER * 

DOT VARIABLE CONTRAST 

Test 10 

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 

AAF CONSTANT DECREMENT 

Test 1L 

Show Hand Chart 11 and Say 
Here is a sample of the letters you wil] see in this test. Call off each 

letter us you come to it. The letters get .smaller and harder to .see. 
Keep trying. Guess if you are not sure. Remember, start with (he 
top row. Read from left to right. There is one chart for this lest. 
Keep going until I say, "That is enough." 

Are there any questions?   G^i 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. For the test they are called 1, 2, 3,4, 5, and 6. In 
each row, Nos. 1 and 6 are always diamonds. One of the others—2, 
3, 4, or 5—is rounded. Tell me winch figure is rounded, by saying: 
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 are two charts for this test. 
Keep going until I say, "That is enough." 

Are there any questions?   Get ready. 
Go ahead. 

INSTRUCTIONS TO EXAMINER Test 13 

CHECKERBOARD VARIABLE GRID- {CHARTS A ÄN& B) 

Show Hand Chart 13 and Say 
Hero is a sample of what you will see in this test. Notice the 4 

small diamonds in each figure. One diamond is like a checkerboard. 
Tell me which is the checkerboard, 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 row7. Read from left 
to right. There- are two charts for this test. Keep going until I say, 
"That is enough." 

Are there any questions?   Get ready. 
Go ahead. 

INSTRUCTIONS TO EXAMINER 

VERNIER ACT ITT (CHARTS A AND B) 

Test 14 

Show Hand Chart 14 and Say 
Here is w sample of what you will see in this test. Notice that one 

arm of each cross is broken. Tell me which arm is broken, by saying: 
lop, bottom, right, or left. The broken arm gets harder to see. Keep 
trying. Guess if you are not sure. Remember, start with the top row. 
Road from left to right. There are two charts for this test. Keep 
going until I say. "That is enough.*' 

Are there any questions 4 
Go ahead. 

/-•_ (iet ready. 
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