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FOREWORD

This mmvestigation was undertaken to deter-
mine the extent to which aniseitkonia® exists
among pilots and student pilots and whether or
not 1t may be considered a factor n flying
abihity 1t was very desirable to learn, for 1n-
stance, whether 1ts presence 1s responsible for
poor flymg technique, and whether 1t can be
induced through fatigue, and 1if so, to what
extent

Some student pilots learn to fly readily and
with an appaiently natural aptitude, wlile
others, who qualify equally well physically
under present standaids of measurement, have
considerable difficulty during instruction  Thas
fact, of course, applies to the military services as
well as to ervilian traiming  In some cases those
having difhculty turn out reasonably well, while
others never develop into safe pilots

Important, researches are being conducted by
a number of mstitutions for the determination
of better physiological and psychological stand-
ards by which to measure pilot aptitude and
ability Indications pomnt rather strongly to
the possibility that the prevalence of aniserkonia
may be one of the causes of flying faults, such
as leveling off too high or too low above the
ground or conswstently landing with one wimng
low, etc

In considermg the results of this investiga-
tion, the following facts should be kept 1n mind

(1) The subject material studied at Pensa-
cola constituted a particularly selected
group 1n which cadets with deficient fly-
ing capacities had been eliminated n ear-
lier stages of traming

(2) Data available on the flying performance
of the cadets studied did not disclose the
nature of the pilots’ fanlts or provide a
basis for correlation with the nature of
the amseikonia found

1A defect of the hinornlar wisual proresses 1o which dif
ferences exist 1n the size o1 shape of the ocular nnges from
the two eyes

(IV)

(3) The precision of binocular spatial locali-
zation needed by cadets 1n traming 1s
not of a high order since they fly over
well-known fields where there are a pre-
ponderance of uniocula: clues  The uni-
ocular spatial locahization clues from
such environments might enable a cadet
to successfully perform even though he
had anomalous or poor stereoscopic vi-
sion In other environments whele such
clues are few or do not exist, and where
binocular localization has to be relied
upon the presence of anisetkonia might
act to the disadvantage of the pilot

Studies of many clhinical patients of the Dart-
mouth Eye Institute show a high corielation
between anisetkonia and anomalous (faulty)
binocular spatial localization 1n environments
where theie are few monocular spatial localiza-
tion clues, such as perspective and known forms

The lack of correlation therefore, found be-
tween the amount of amiseikonia measured m
the pilots studied 1n this mvestigation and their
flying performance should not lead one to the
conchiston that there exists no correlation be-
tween aniserkonia and flying performance

The attached prelimmary report of an mves-
tigation of the meidence and effect of anise-
tkonia on ancraft pilotage was prepared under
certain restrictions caused by the war situation

It 1s regretted for instance, that a more com-
plete scientifically documented statement, 1n-
cluding corielations with performance data and
the data relating to physiological and psycho-
logical conditions obtamed by members of other
mstitutional research staffs with which this
study subsequently became asscciated, was not
possible due to other assignments caused by
the war

The report was prepared by the Dartmouth
Eye Institute from data gathered by Dr Robert
I Peckham who cairied the field supervision
responstbilities of the study both at Kansas City
and at Pensacola
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INCIDENCE AND EFFECT OF ANISEIKONIA
ON AIRCRAFT PILOTAGE

INTRODUCTION

Aniseikonia ? 1s defined as a defect of the hi-
nacular visual processes in which differences
exist 1n the size or shape of the ocular 1mages
n the two eyes The term “ocnlar 1mage” 1s
used to designate the 1mage whach finally reaches
consciousness through the viston of one eye
Significant differences in size between the two
ocular images, 14 percent to 4 percent, are usu-
ally too small to be observed by the mdividual
and hence can be measured only with special
mstruments

In the chimical divigion of the Dartmouth Eye
Clinie where patients with aniselkonia have been
measured, and 1n the laboratory where artificial
aniseltkonia can be wtroduced by special Jenses,
experlence has shown that a maiked false space
locabzation geneially occurs when the individ-
ual with a size difference of even a small amount,
18 placed m an envizonment where strong per-
spective monocular clues do not exist

Specific types of spatial distortions associated
with different ocular mcongiuities include The
apparent sloping of the mound—the “sidehill”
effect or the “uphill” or “downhill” effect the
apparent change 1 the distance of objects, the
apparent enlargement o1 diminution of ohjects,
the distortion of the forms of extended figures,
etc These false space localizations would be
mnpottant to the aviator flving near the g1 ound,
i landing or taking off, so as to avowd flymmg
with one wing low, or with nosc of the plane too
high or too low, 1 estimating the height of the
plane fiom the ground, in the avoidance of ob-
stacles, and 1n flying 1n formation or in acro-
batics

Because of the association between 1mage size
differences and faulty hnocular spatial local-
zatlon, the 1ncidence of aniseikonia appeats to
be 1mportant 1 the selection and traxmng of
pilot candidates, In the summer of 1939,
the Civil Aeronautics Authorty made arrange-
ments with the Dartmouth Eye Institute to ob-
taimn data on the problem It was provided that

1 A hibliography on the subject will be found in Appendix 1

oY)

100 or more subjects (later specified as pilots)
were to be tested to determine the percentage
having aniseikonia

The Dartmouth Eye Institute began making
the visual examination for the incidence of ani-
sertkonia (and the faulty binocular space percep-
tion assoclated with 1t) upon first-line commer-
cial pilots at the Civil Aeronautics Authority
Medical Science Station at Kansas City. Mo, 1n
January 1940 The project was contmued 1n
September 1940 at the U S Naval Aur Station at
Pensacola, Fla Up to January 1, 1941, the
followmg subjects were tested

36 Crvil air carrier pilots (Kansas City)

1588 Cadets entering Pensacola for traming

55 “Washouts” or cadets whose flying progress
was 1n question or whose himited flying
ability warranted their dismissal from
the Station

37 Ensign mnstructor-pilots

This report 15 based upon the data eollected
from the tests made on these subjects

At Pensacola, because of service conditions,
the time allowed for the testing of each cadet
was limited to half an hour so that the tests
had to be abbreviated and confined to the fol-
lowing instruments 2

(1) The Fikonometer —a nonstereoscopic
type of mstiument 1n which the relative size
of the ocular images of the two eyes 1s compared
directlyv by the subject (10 minutes)

(2) The so-called “Leaf Room”—a strictly
functional test for ascertaimng whether or not
a subject sees binocularly a three-dimensional
form where 1t actually 1 This 15 a subjective
test 1n which the observer describes the appear-
ance of a rectilinear room under different test
conditions The extent to which the subject
fails to see the room 1n 1ts true form or fails
to see 1t distorted when “size lenses” are put

i Brief descriptions of these insiruments and of their opera
tlon are given in Appendia 11 Greater detall mny be found
in the three manuals prepared for the Eansas City and Pensa-
cola projects



before the eyes gives a measure of the ocular
image ncongruities present

(3) The <o-called “Frontal Plane Appara-
tus” *—a semifunctional test wsing binocular

space perception as criteria of the presence of
ccular 1mage incongruities The subject sets a
series of rods for an apparent fiontal plane
under different test conditions * (10 minutes)

DISCUSSION

THE EIKONOMETER DATA

From the Fikonometer data obtained, the
subjects were placed 1n separate groups accord-
g to the mmage size difference (amserkonin)
measured for distant vision m the vertical and
horizontal meridian  The percentages of the
Pensacola and Kansas City subjects which fall
imto the various groups are given in table T
Also meluded for comparison are the data ob-
tained on a class of college students and on a
laige number of elinical patients from the
Dartmouth Eve Clinic*

The decreasing cumulative distributions of
these data are shown graphically mn figure 1

It 15 clear that the ineadence of aniseikoma
as measured on the Fikonometer 13 strikimgly
less 1 the Pensacola cadets than in the other
population groups—even less than that in the
avil airline pilots  The table and graphs show,

3 This instrument was ‘added ta the tests when the project
was moved from Kansas ity to Pensacola  Data from thig
test were therefore not obtained on the Kansas Citv subjects

+ At the Kansas ity Station more time was available for
the testing of ewl sublect lence there were 1n addition to
the firet and third insteuments ligted above (1) the induced
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for example, that approximately 8 percent of
the Pensacola subjects have image size differ-
ences greater than 14 percent, while approx-
mately 40 percent of the airlme pilots, more
than 40 percent of the college group, and ap
proximately 80 percent of aniseikonie clinical
patients have differences greater than 14
percent

To be considered also with the low incadence
of anizetkomia in the Pensacola subjects 1s the
much higher sensitivity ® to the recognition of
small image size differences in the Eilkonometer
as compared with other population groups ™ In
view of this higher sensitivity, the smaller

effect 8 curve appmiatus  (2) the horirontal tiltlng board,
and (3) an instiument for téesting ‘cyele 1mage 1ncongrulties
Because the snbjects tested at I'ensacola were not g1ven these
additional tests no data on these nstrunents for the Pensa-
cola group can be ineluded 1n this report

5 ATl of the colle.e students were from the elass of 1940 at
Dartmouth College  The clinical potients were those referred
to the eye climie primalily for aniseikonle examninations

9 For the Kansas City and 1'ensacola sub)ects see Appendix
ITI for diatribution of so-called ''size amplitudes” which are
neasures of the sensitivity

"The diference m the degree of amselkonia found i1n the
arvi]l pilots and 1n the Pensacola cadets cannot be accounted
for entirely See Appendix IV
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Figure 1 —Eikonometer Data. Percentage of subjects having mmage size differences equal to or greater
than any given magmtude,



anisetkome differences found in the Pensacola
subjects become more 1mportant and as a result,
1t mght be expected that some of the cadets
would have an impatrment of their binocular
gpace sense That these small aniserkonic dif-

ferences could cause faulty binocular spatial
localization n some of this group 1s indicated
by the results of the functional tests deseribed
below, and 15 mmplied in the following theo-
retical consideration

Tasre I—Eikorometer Data
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The graph in figure 2 shows the theoretical
snazumum, apparent rotation of the binocular
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Figure 2—Theoretical maximum apparent rotation of
hinocnlar field due to an 1mage size difference m
the honzental merdian
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visual field that could be expected at different
visual distances for different degrees of 1mage
size differences Thus, a 14 percent difference
could theoretically give rise to a maximum ap-
parent rotation of the bmocular field of 16° at
a visual distance of 10 feet, and 68° at 100 feet
Usually the environment at these larger dis-
tances will contain monocular perspective fea-
tures which tend to outweigh the binocular clues
and prevent or reduce the appearance of these
large apparent rotations However, 1t 18 pre-
cisely the existence of these theoretical maxi-
mum eflects that could occur in unusual situa-
tiong, which requires a consideration of even the
smaller degrees of amseikonia found m the Pen-
sacola subjects

The Eikonometer test, used to measure differ-
ences I the sizes of the ocular 1mages, depends
upon the resolving power of the eyes, using
rather broad test sthamuli  On the other hand,
the functional tests, which include the Frontal
Plane Apparatus (i part) and the Leaf Room,
depend upon the stereoscopic processes, the sen-
sitivity of which 1s much higher than resclving
power alone Thus, with high visual acuity,
which means increased stereoscopic sensitivity,



even small differences in size between the ocular
images may be detected through disturbances
1 binocular space localization

THE LEAF ROOM AND FRONTAL PLANE AP-
PARATUS

The data for each subject 1n each part of the
two tests were evaluated by assigning scores ac-
cording to the number and magnitude of the
nregularities and the faulty responses found
Figures 3 (A),3 (B), and 4 are the distribution
curves tlustrating the important aspects of
these tests Figure 3 (A) 1s a histogram 1llus-
trating the percentage of subjects found mn dif-
ferent groups according to imcreased faulty ap-
pearance of the Leaf Room Figure 3 (B) 1llus-
trates the distribution of subjects according to
their sensitiveness to respond to small artificial
size differences 1n the Leaf Room Figure 4
18 the distribution of the subjects according to
a composite score for various parts of the
Frontal Plane Apparatus ®

As would be expected, the majority of the
subjects have small scores  There are, however,
cadets whose scores occur 1n the extremities of
the curves, and who show distuibances 11 their

8 See Appendiz V for treatment of Frontal Plane data

100

binocular space sense that might seriously affect
their ability to operate an airplane properly

In general 1t has been necessary, in the prae-
tice of ophthalmology, to set more or less arbi-
trarily eritical values for the visual functions
which will define the limits of efficient vision
from that which 1s less efficient For example,
the critical value for visual acuity has been set
at 20,20 on the Snellen scale In dealing with
aniserkonia, 1t 18 estimated on the basig of elmi-
cal practice that in aviation candidates where
visual acuity 1s igh the existence of 14 percent
or more of aniserkoma would operate to the dis-
advantage of the candidate as a pilot, and a
cadet having such a size difference would be
more of a risk than one with a lower degree

It 15 difficult to set eritical scores for the func-
tional tests at this ttme  However, 1t 1s believed
that cadets whose score 18 equal to or greater
than 3 1n the Leaf Room appearance-test, 7-8 1n
the sensitivity to artificial aniserkomia in the
Leaf Room, and 5-6 as a composite score 1 the
Frontal Plane Apparatus, have a faulty space
sense which probably would be a bandicap to
their becoming successful pilots ®

Y 'he actual correlations between the three teste are low,
but no high corielation could be expected since 1t was usually
mnposstble to check the data on any one test Mare rellunce
must be placed upor group results than on the 1ndividual tests
in this study
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CORRELATION OF ANISEIKONIA DATA WITH
OPHTHALMOLOGICAL DATA

Thas part of the study consisted in correlatmg
the amiseikonia of each =ubject, as measured,
with the ophthalmological data available
These data meclude visual acuity refractive
errors, phorias, axial steroscople sensitiiity,
fusional amplitudes, etc  The X? correlation
method was used on fourfold table

In no case ™ can a mgnificant assomation be
found between the amiselkonia or anomalous
space sense as measured on the three tests and
any of the ophthalmological data

This lack of correlation suggests that the
presence of a false space sense 15 not detected
1 the ordinary ophthalmological examination
However, because much of the ophthalmologi-
cnl datn avarlable lacks the needed precision, and
because the aniseikonia and space sense tests
had to be made hastily this matter should be
mvestigated more carefully Certamnly the low
mcidence of amseikonia among the Pensacola
cadets as compared with that in other groups of
the same age range, suggests that those aviation

1 It must be pointed out however that ah assemation was
mdicated between fhe maximuom amselkonia m any meridion
and the axial stereoscopie sensitinaity (Howard-Dolian test)
In thia coirelation the maximum amseikonia was uged and the
degree of associntion reht be higher 1if thig corielation was
made with amselhona n the horizontal meridian only Tlus
matter should be studied further with more reliable data from
the Howard Dolman test

520042 —45—2

candidates with larger amounts of image size
differences were elimmnated either through the
ophthalmological examination or through fail-
ure to meet requirements m the primary tran-
mg schools

It 15 already known that fatigue and anoxia
affect, 1n a negative way, other ophthalmolog:-
cal functions, especially the accommodation and
adaptation mechanmsms  Clinical evidence
shows that fatigue has a marked effect on the
false space sense assomlated with aniseikonia
There 15 little question but that anoxia would
have similar effects

The service conditions at Pensacola and Kan-
sas Caty prevented the obtaining of quantitative
data on this project It 1s vitally important,
however, that provision should be made for
studymg the effect of fatigue and anoxia upon
aniselkonia and faulty binocular space localhza-
tion

The essential question raised by these tests
15 What degree of faulty space localizatron can
be allowed i a pilot? In considering this mat-
ter one must bear 1 mind the degree of perfec-
tion required i spatial localization This con-
sideration 18 especially mmportant under modern
conditions of igh-speed aireratt and continual
changes 1n spatial environment

Whether or not the degree of aniseikona and
faulty space localization found m many of the
cadets a}&ects their success in flying can be defi-
nitely determined only by a careful study of the
errors and the flying performance of the mndi-
vidual prlots  Since most of the cadets tested
have not yet fimshed their course, 1t 1s at present
mpossible to make correlations, but these data,
16 18 hoped wall soon be available

Several of the tests gave evidence that the
“washout” group showed a shightly higher in-
cidence of faulty space localization and poorer
binocular space sensitivity #

In constdermg these results it 1¢ necessary to
keep 1n mind that the data regarding the “wash-
outs” are most meager, not only because of the
small number available for the tests, but also
for the reason that the speafic cause of the indi-
vidual cadet’s trouble 18 not clearly indicated
Also, the limitation of time made controlled re-
Liability tests on the cadets impossible  The ex-
perience and data collected at the clmieal divi-
ston of the Dartmouth Eye Institute, however,
indicate that the tests are rehable

It must be remembered, moreover, that the
presence of aniseitkona could be only one out of
many possible causes of failure. There 1s no
reason, therefore, why any general group of

1 Bee Appendix VII for details



“washouts” could be predicted to show a higher
mecidence of either amsetkona or faulty space
perception than a normal group would show
Only after a large number of “washouts’ have

been tested, whose diffienlties are directly con-
cerned wath flying, can 1t be determmed whether
anisertkomia 1s a factor in their mmferior flying
performance

CONCLUSIONS

Subject to the limitations under which the
data for this report were obtained the 1mpo:-
tant aspects of the study may be summarized

(1) The awviation cadets as at present se-
lected for traiming at the Naval Awr Station,
show relatively small differences between the
sizes of the ocular images (amiseikonia), as
measired on the Eilkonometer, compared with
those found 1n other population groups

{2} Xiven though relatively small, the bigher
order of the difference between the sizes of the
ocular mmages as found on the Eikonometer
could cause faulty spatial localization

(3) The low meidence of anisetkomia (as
measured on the Eikonometer) in the cadets
mdrcates that the present method of selecting
the candidates, usmg certam standards of visual
acuity, refractive errors, phoras, fusional am-
plitudes etc, provides a basis for elimmating
those who have large differcnces between the
sizes of the ocular 1mages

(4) The functional tests for detecting fauli&y
binocular space localization show that a signifi-
cant percentage, possibly 8 percent, of the cadets
show faulty spatial localization

(5) What degree of faulty space locahization
should be allowed 1 pilots can be definitely as-
certained only by a careful correlation of the
specific types of spatial errors found with the
actual flymg performance and specific faults of
the cadets over a perwod of fime Adequate
performance records for the cadets tested so far
are not yet available There was, however, evi-
dence of a slightly higher incidence of faulty
binoculal space localization among the “wash-

out” group than was found among the mstruec-
tor-pilot group, the two groups which would
be at opposite ends of the performance scale
A significant difference m these two groups
could not be expected on the basig of the data
collected up to the time this report was
submatted

(6) A consideration of the results from the
project suggests that 1n selecting candidates
for activities where the space sense 1s s0 1mpor-
tant, complete reliance cannot be placed upon
the tests now used, that 15, high visual acuity,
low degrees of phoras, low refractive errors,
ete

It 13 the opinion of the research staff that
screening tests for faulty space localization
shonld be given prospective pilote However,
such screeming tests cannot be adopted now,
smcee adequate data are not yet available from
which the eritical values or the minimum de-
grees of false space localization allowable can
be determmed

Tt 1s the opamion of the staff that tests for
faulty space localization should be adopted as
reference tests Such reference tests would be
routine for those cadets having difficulty m
handling their airplanes in landings and ap-
proaches, or other situations demanding
accurate spatial orientation

The mvestigations carried out at Kansas City
and Pensacola, which provide the basis for this
report, were directed by Dr Robert H Peckham
At Pensacola he was assisted by E Craig
Walson
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APPENDIX II

Descriptions of Instruments Used at Pensacola and Their Operation

THE EIKONOMETER

Essentially, the Eikonometer (fig 5) consists
of a headiest, two groups of test lens cells, and
an eikome target (fig 6) To msure the re-
gquired accuracy the headrest 15 of elaborate
design. 1its purpose being to hold the subject’s
head so that the eyes aie mn a fixed position
relative to the test lenses

The test lens ariangement consists of two
parts, namely, the cells for holding the refiac-
trve test lenses, and the image size measuring
units Corneal aligning devices are attached
to the test lens supports in order that the eyes
may be placed at the proper distance from the
test lenses The si1ze measuring devices are four
adjustable size len<e umits, each consisting of a
telescopic system of two lens elements, designed
m such a way that a change 1n axial position of
one lens relative to the other changes the mag-
nification of the combmation without appre-
ciably changing its (zero) verging power One
of the two units in front of each eye has variable

“gver-all” magmifications the other 1s a “meridi-
onal” maguification mnt, that 1s, 1ts magnifica-
tion 1s variable 1n only cne meridian  From a
scale on the circumference, the percent magnify-
ing power of the unit can be read corresponding
to daffeLent separations of the two lens elements

Since the instrument has been designed for
testing at both distance and near vision, the
groups of test lenses can be lowered and talted
for the normal reading position of the eyes
Provision has been made for adjusting the test
lenses to the correct mterpupillary distance, and
for convergence at short distances

The eikonic target and the procedure n the
test for aniseikonia can best deseribed to-
gether This test, which may be referied to
as the elkomic test is made after a careful re-
fractive examination has been made and after
the corrective trial lenses, 1f any are needed,
have been placed 1n the mstrument

The subject, whose head 1s adjusted to the
instrument, directs his attention to a target (the
so-called eikomic target} with which the size
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Figure 5 —The Eikonometer

differences are detected In the distance test
the target detail 1s projected on an aluminized
screen, m the near test 1t 15 a transparency
mounted 1 a Irame attached to the Eikonometer
The pattern of the target consists of a central
configuration specially designed to stimulate
fusion At an angular distance of 4° from the
center, four pairs of numbered opposing arrows
are located 1n the vertical and horizontal me-
ridians By means of polaroid film, the hght
comung from the odd numbered arrows 1s polar-
1zed 1n one direction, that from the even num-
bered arrows in the direction at right angles
Correspondingly oriented polaroid plates are
placed before the eyes so that the subject will
see the odd numbered arrows with one eye, the
even numbered arrows with the other
The 1eason for this ingenious arrangement 1s
this If both eyes could see only one pattern the
subject would be unable to detect possible
mize differences between the two ocular images
On the other hand, 1f the pattern seen by one
eye were totally unbke that seen by the other,
the eyes, lacking a fusional stimulus, would
respond to their phoria, in which case judgment
of size differences would also be mmpossible It
1s necessary, therefore, to include mn the elkonic
target a part of the pattern which both eyes see
simultaneously  This part 1s the fusion center
In order to prevent the fusion of objects 1n
tha peripheral field, the view for each eye 1s
restricted to the target by unlhke apertures The
mmage size differences are measured by having
the subject compare the distances between op-
osing arrows as seen by the two eves whila
usion 1s mamtained for the center of the target
Thus, tf all odd numbered arrows are seen out-
side of the even numbered arrows, an over-all
size difference 15 indicaied If the odd num-
bered arrows are outside the even numbered
arrows 1n only one meridian either the horizon-
tal or thz vertical, while those 1n the other
meridian are ahgned, a meridional size differ-
ence 15 rndicated
There 15 no amsetkonia 1f all pairs of arrows
are seen in alighment In principle, therefore,

the amount of an existing size difference can be
measu1 ed by adjustment of the magnifications of
the adjustable size lens units until the subject
1eports that all the odd and even numbered op-
posing airows are seen 1n alignment In actual
practice, however, the measurement of aniser-
konia usually requnes the detexmination of the
limits of known size differences introduced by
the adjustable s1ze lenses within which the sub-
ject reports equality of the two nnages The
aniserkoma 1s ascertained from the mid-points
of these limits

First, a record 1s made of the apparent posi-
tions of the arrows of the target with the four
sets of lenses i position and adjusted to zero
Then the right over-all lens system 1s mcreased
for an amount sufficient to can=e a report that
the right 1mage 1s greater in both horizontal
and vertical meridians The right over-all com-
bination 1s now reduced until an equality 1s re-
ported 1n either the vertical or horizontal merid-
1an  The right mmage 1s further reduced by
changing the meridional and over-all combina-
tions by quarter percent steps until equality 1s
reported for both horizontal and vertreal merid-
1ans  They may necessiate a reduction or an
imncrease 1m either meridhans as the examination
proceeds All lenses are then returned to zero
and a second normal determination 1s made
Anncrease 11 the over-all size of the left eve 15
now made for an amount equal to that of the
change made 1n the right eye or until a report
1» given that the 11ght umage 15 smaller 1n both

TARGET SEEN BY LEFT EYE TARGET SEEN BY RIGHT EYE

27 - 1

TARGET SEEN BY AOTH EYES
Figure 6 —The Eikonometer target



vertical and horizontal meridiangs The over-
all 13 now reduced by one-quarter percent steps
until an equality 1s reported i either the ver-
treal or horizontal meridian  The left 1mage 1s
then reduced 1n 1ts magmification with combina-
tions of meridional and over-all correction by
one-fourth percent steps until equality 18 re-
ported in both the vertical and horizontal merid-
1ans It may be necessary to repeat this process
in order to be certain of the subject’s response

The responses to the various artificral size
differences introduced by the lenses are recorded
on a speclal graph sheet From the charting
of the responses the fellowing are determimed

(1) The range within which size changes are
not noticeable (This 15 the so-called “size-
ampltude ’)

(2) The Eikonometer finding, which will be
the mid-points of the horirontal and vertical
equalities

(8) An estimate of the sensitivity of the sub-
Ject which will be subject to the judgment of
the operator and will be 1 the neighborhood
of one-half the range of the equality

A question 18 raised as to sigmificant size dif-
ferences 1n the data obtamed at Pensacola If
the given size difference 1s small, and less than
the sensitivity, the measurement mght be called
significant, e g, 14 percent*14 percent If
the sensitivity 1s large enough to melude the zero
and the measured size difference, the meas-
urement would not he significant, e g, 34 per-
cent=15 percent In the graph given, this
consideration was not taken mto account  Cor-
recting the distribution on the basig of this
signmificance ncreases the sharpness of the ac-
cumulative frequency cui ve, since a greater per-
centage 18 1ncluded 1n the “no size difference”

group
THE LEAF ROOM TEST

A Subjective, Three-dimensional, Funcfional Test
for Agscertaming the Presence of Faulty Space
Localization

This test involves the determination of the
correctness of a subject’s spatial interpretation
as 1ndicated by the positions and form 1 which
he sees the walls, cellng and floor of a special
room  This room 1s a rectangular box, open
at one end, 7 feet high, 7 feet wide, and 8 feet
deep The walls are vertical and the floor and
the celhng are level 'The subject 1iews the
room {rom the center of the open end The 1n-
side surfaces are covered with preserved oak
leaves which provide adequate contours and yet
do not mtroduce strong perspective features

Persons with normnal space perception will
see the room 1 1ts true rectangular form

Those with abnormal space perception will see
1t distorted, the nature of the distortion depend-
mg upon the nature of the anomalous incon-
gruities between the ocular images A large
percentage of an unselected group of persons
who have been tested 1n the room see some dis-
tortion

In general, the test consists 1n ascertaining by
questioning the subject (1) Whether or not the
room appears 1n any way distorted  (2) If so,
the nature of the distortion Otften with per-
sons with marked anomalous spatial sense, hoth
the nature and a rough estimate of the magm-
tude of the distortion can be obtained But
many other cases with mecongruity of ocular
mmages see little or no distortion because they
have learned to suppress their false bmocular
visual clues and rely on monocular visual clues
for their spatial orientation  To determine the
binocular spatial interpretation of such persons,
artifictal anomalous incongruities are ntro-
duced by means of various size lenses and the
nature of the resulting space distortion 15 de-
termined by questioning If the response to
the various size lenses 15 normal, 1t mdicates
that the subject’s spatial sense 1s normal, 1f
nof, that 1t 1s defective

It often happens that a subject, when first
looking into the room, will see 1t 1n 1ts coriect
form ~ At the end of the test when he has been
through the various tests with size lenses, he
will see 1t distorted The nature of the dis-
torted form 1n which a subject may see the room
varies with the nature of the anomalous penlar
meongruity

There are at least five different types of
systematic anomalous ocular mecongiuities

1 Diffetence 1n s1ze 1n the horizontal memd-
1an

Difference 1 size 1n the vertical meridian
Cyclo mecongruities

Dafferences 1n asymmetric size

Dufference m size over-all

U o N

There may be combinations of the above

The distortions of a rectangular room result-
mg from each of the above ancmalous ncon-
gruities are deseribed in the following

I Differences in size m the horizontal menidian

If the horizontal meridian of the ocular 1mage
of the right eye 1s larger than that of the left,
a rectilinear room appears with the following
characteristic distortions

1 The left-hand wall appears nearer than
1t actualily 15, the right-hand wall farther

2 The lett-hand wall appears smaller than
1t actually 15, the right wall larger



3 The leaves on the left-hand wall appear
smaller than they actually are, those on
the right, laiger

4 The stereoscopic relief of the leaves on the
left-hand wall appears less than 1t actually
18, that on the right, greater

5 The vertical line at the corner where the
left-hand and back walls join appears
shorter

6 The back wall appears o recede to the
right

7 The floor appears to be mnchned down to
the right

8 The cerlimg appears to be inclined up to the
right

If the homzontal meridian of the left eye 1s
larger than that of the right, all these appear-
ances are reversed right and left

The magnitude of these distortions withm
limits varies with the amount of difference be-
tween the horizontal meridians of the twoe ocular
mmages and the size of the room In a room
7' x 7" x &, the distortion due to a difference of
25 percent 1s usually perceptible

The foregoing description applies when the
room 18 looked at as a whole  Shghtly different
impressions may result 1f particular surfaces
are observed to the exclusion of the rest of the
Toom

The following questions, to be asked of the
subject, taken n order, have proved helpful in
obtaining as quickly as possible the desiied -
formation regarding horizontal size differences

1 *Is the rght vertical lme at the corner
where the back wall joins the right side wall
longer or shorter than the corresponding line
on the left and how much?’

Differences will often be noticed when no
tipping of the back wall 18 apparent A reply
that the right lme 15 longer will indicate that
the right ocular ymage 1s larger i the hori-
zontal meridian

2 “Is the floor perfectly horizontal (level) or
does 1t tip, and 1f s0, which way and how much #”

If he says down to the right that observa-
tion will check with his observation that the
richt vertical line on the back wall 1s longer
than the left The slant of the ceiling should
then be checked with the question

3 “Is the celling perfectly horizontal or does
1t tip, and 1f so, which way and how much?”

4 After having been asked to look at first
one side wall and then the other he should be
questioned as to the apparent distance of the
side walls as follows

“Does the side wall on the right appear to be
at the same distance as that on the left? If
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not, which one appears nearer and which farther
away and how much?”

5 He should then be asked as to the apparent
s1ize of the leaves on the two side walls

“Do the leaves on the side wall to the right
appear to be the same si1ze as those on the left?
If not, which appear larger and which smaller
and how much?”

Certain subjects have difficulty in forming a
judgment 1 answer to this and the previous
question Therr stereoscopic clues tell them one
wall 18 nearver and the other farther, but be-
cause the leaves on the mnearer wall appear
smaller they may be interpreted as being
farther away, and because those on the more dis-
tant wall appear larger they may be mter-
preted as being nearer These conflicting clues
may cause confusion, especially to those subjects
whose stereoscopie vision 18 not good

6 He should then be asked as to the relative
s1ze of the right and left walls as a whole

“Do the right and left walls as a whole ap-
pear to be of the same size? If not, which ap-
pears larger and which smaller and how much?’

T He should further be asked as to the posi-
tion of the back wall

“Does the back wall appear tipped? If so,
does the right or left side appear nearer?”

Many subjects will fail to notice this appear-
ance

With most subjects the answers given to these
questions will confirm one another When all
the answers confirm each other 1t leaves no
doubt as to the nature of the anotnalous spatial
sense  Even 1f only two or more of the an-
swers confirm each other, there 1s evidence that
his gpatial sense 15 not normal 1n this partreular
and that the subject not only has a particular
type of anomalous ocular incongruity that is
agsocitated with such appearances, but also that
there are present other types of anomalous m-
congrmities combmed with 1t which may mask
or contradict the expected appearances, as will
be described later

The foregoing procedure will disclose whether
the subject sees the room as 1t 18 or distorted
In exther case the next step 1s to check his spatial
response with a weak meridional size lens axis
90°, first before the right eye and then the left
If he responds sensitively, 1 e, 1f a 025 percent
lens causes an evident distortion and 1f the
amount of the distortton 1s the same with the
lens 1n one eye as m the other, 1t 15 evident
that his space sense 18 normal 1n the horizontal
mendian If, however, weal lenses do not cause
a distortion or 1f they produce a greater dis-
tortion when placed befors one eye than they



do when placed before the other, 1t is evident
that his space sense 15 defective If, with the lens
before one eye, he still gets a distortion in the
oppostte direction the power of the lens should
be 1nereased , first, until the distorted appearance
15 Just corrected, and second, until an apparent
distortion 1s noticed m the direction called for
by thelens The power of these lenses will indi-
cate the magnitude of his defect

It 15 also advisable to check all subjects at the
end of such an examination with plano lenses
in the frames Often subjects who see no dis-
tortion at the beginning of the examination will
notice 1t at the end

IT Differences 1n Size of the Vertical Meridian

Differences 1n the relative «1ze of the ocular
umages 1n the vertical metidians produce the
same types of distortion of the room as result
from differences m the horizontal meridians
but 1n the opposite direction TIf, for mstance,
the ocular mnage from the rght eye 1s laiger
than that from the left in the vertical meridian,
the distortions will be the same as 1f the ocular
image from the left eye were larger i the hor:-
zontal meridian

As a result, the distorted appearance of the
room that a subject may report without any size
lenses before his eves gives no indication as to
whether 1t 15 due to the fact that one eye 15
larger mn the horizontal meridian or that the
other 1s larger in the vertical meridian

This fact, however, can be determimed by the
subject’s response to size lenses  Sensitivity to,
and equal response to weak meridional size lenses
that increase the ocular images 1 the horizontal
meridians, but not to those that increase the
1mages 1 the vertical meridians, indicate that
the apparent distortions are due to differences in
the vertical meridians and vice versa

IIT Cyclo Incongruities

Cyclo mcongruities result from an anomalous
cyclo relationship of the two eyes or anomalous
dechinations of the vertical and horizontal me-
ridians  Their presence canses marked distor-
tion of the leaf room If there exists, for n-
stance, a cyclo meongruity such as would be
present 1f the eyes were 1n an abnormal excyclo
position, a room would appear distorted as
Tollows

1 The celling appears nearer that it actually
13, the floor farther away

2 The cetling appears smaller that 1t actually
18, the floor larger

3 The leaves on the cethng appear smaller
than they actually are, those on the floor
appear larger
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The stereoscopic relief of the leaves on the
celling appears less than 1t actually 1=, that
on the floor greater

The horizontal line where the ceiling and
back walls join appears shorter than 1t ac-
tually 1s, the horizontal line where the back
wall and floor join appears longer

The back wall appears to tap forward at the
top

The right wall appears to slant to the left
at the top

The left wall appears to slant to the right
at the top

The magnitude of these distortions varies
with the amount of cyclo mcongruity and the
s1ze of the room

If the cyclo meongrmity 15 1 the direction
opposite to that described above, the apparent
distortions of the room are reversed

Whale the above description applies when the
room 18 looked at as a whole, shghtly different
impressions may resulf 1f attention 1s given to
particular surfaces to the exclusion of the rest
of the room

Agein, by a serres of questions the examiner
can recogmize the presence of cyclo incongru-
ities  Suggestive questions must be avoided

When all the answers supplement each other,
there 15 no doubt as to the nature and cause of
the anomalous spatial sense As stated above,
even 1f only two or more of the answers supple-
ment each other, this fact indicates that the
subject’s spatial sensge 1s not normal 1n this par-
ticular and would strongly indicate that he 1s
subject not only to the type of anomalous ocular
incongruity that 1s associated with such appear-
ances, but also to other anomalons 1congruities
which may simply combine to give a total effect,
or which may mask or contradict the expected
appearances as will be described later

ether or not the subject sees the room dis-
torted, his spatial response 1n this particular
should be checked with s1ze lenses that introduce
artificial eyclo ncongruities The lenses used
are 3 percent meridional size lenses placed first
at 45° B E and 133° L E (aXes converging
upward) and then 135° R E and 45° L E
(axes converging downward)

It these lenses distort the room equally m
opposite directions 1t 15 evident that the sub-
Ject’s cyclo incongruities are normal  However,
a greater distortion n one case than 1n the other
shows that the subject’s cyclo mcongruities are
abnormal If, with the above lenses in either
eye, the distortion of the room does not reverse,
the magmification of the size lenses would be
mcreased The strength of the lenses necessary

T
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to produce this reversal indicates the magnitude
of the subject’s abnormal imecongruity

IV Asymmetric Incongruity

This term 1s used to describe the incongruty
between the two ocular 1mages (a) Where both
1umages are progressively larger on the temporal
sides and progressively smaller on the nasal
sides, and (b) where both 1mages are progres-
sively smaller on the temporal sides and pro-
gressively larger on the nasal sides

Asymmetry of this lund can be artificially
mtroduced by placing flat prisms base-out and
base-in before the two eyes, the base-in prisms
mtroducing so-called positive asymmetry, base-
out prisms introducing so-called negative asym-
metry The presence of negative asymmetric
1ncongrulty causes a room to appear distorted

1 The back wall appears farther away

The back wall as a whole appears larger
than the open end

The leaves on the back wall appear larger
and stand out from the wall

The side walls and floor and cetling slant
i toward the subject, the floor near the
subject slanting up, the ceiling near the
subject sloping down, and both side walls
near the subject sloping

2
3
4

Positive asymmetry causes the room to appear
distorted

1
2

The back wall appears nearer

The back wall as a whole appears smaller
than the open side

The leaves on the back wall appear smaller
and pressed against the wall

The side walls and floor and ceiling slant
out, toward the subject, the floor near the
subject sloping down, the ceiling near the
subject sloping up and both side walls near
the subject slanting out

After the subject’s responses have been deter-
mined, without size lenses through a ceres of
questions his reactions should be obtained with
plus and minus asymmetry lenses of weak power
One degree prisms base-1n and base-out, whose
prism power has been neutralized by 1 degree
prisms on 9 base, can be used These should
be put on first with the base of the flat prisms
base-out and then base-mn

If the subject sees the room equally distorted
i opposite directions, 1t indicates his asym-
metrical incongruity 18 normal, 1f not, that the
ncongruity 13 abnormal

3
4

VY Ihference i Over-all Size

The ocular incongruities that result when the
ocular 1mage from one eye 1s larger than that

12

from the other, over-all, have only a shight effect
on the locahzation of the leaf room  In general
the induced effect from the difference 1n size m
the vertical meridian connteracts the direct effect
mn the horizontal meridian or vice versa The
1at10 of the two effects depends on the amount
of detail m the field of view In the leaf room
where much detail 1s present, the effects aie
nearly equal, but there may be certain residual
effects which may be described as follows

The right wall appears farther away and the
leaves on 1t larger and 1n more relief—the Tleft
wall pearer and its leaves smaller and flatter
on the wall Otherwise the room tends to ap-
pear rectilmear although there may be a tend-
ency toward the distortion that re<ults from an
mcrease 1n the R E 1m the horizontal meridian
There 15 a sense that either the room has heen
shifted laterally to the right or the subject to
the left TIf the ocular iumage of the left eye
15 larger over-all, the effect 1s reversed

As in the case of the other types of ocular
meongruities, the effect of weak over-all lenses
0 50 percent on first one eye and then the other
should be tried

¥I Combined Effects

Each of the types of distortions of the leaf
roomn above described results from an anomalons
meongruity of a particular type Some sub-
jects may have only one type of meongruity
In this case their diagnosis 1s relatively simple
and the method of recognizing 1t 18 covered by
one of the above descriptions But more often
the subject will have two or more types of ocular
meongriity In such cases the distortions of
the leaf room which he will see will be a com-
bination of the types described m the foregomg

The distortion effects are usually additive 1n
character

In the determination of space sense anomalies
1n the leaf room, the following procedure should
be followed

1 Determime by questioning Just how the
room appears to the subject without glasses, or
with his refractive correction 1f he wears one
These appearances should be marked on the
¢ Leaf Room Data Sheet ™

2 The various size lenses should be unsed as
described, the resulting appearances also being
recorded on the data sheet

3 From the indications as to the nature and
amount of the subject’s 1mcongruities one or
more lenses 1n combinations that would correct
thermn should be placed before the subject’s eyes
and altered until, 1f possible, he 15 made to see
the roown undiatorted

Where saving of time 15 mmportant, as m a
screening test for aviators where the purpose 1s



not to provide a coriection but to determine the
normality of the space sense, the following pro-
cedure should be followed

In an anteroom, or where the subject cannot
see the leafroom, a tral frame <hould be quickly
fitted to his face with the lens 1ings as cloge to
his eyes as possible to give him the largest possi-
ble field of view A 1 percent meridional size
lens ax1s 20° should be placed 1in the frame bhefore
the right eye  The subject should then be taken
to the leaf room and so seated and positioned
that his head 1s at the middle of the open side

The nature of the distortion, 1f any, produced
by the lens 14 percent axis 90° R E should be
ascertained and recorded on the Teaf Room Data
Sheet—“Screening Test” by a check (v) under
the headings provided

If, with the lens, he sees the room distorted
in the wrong direction, the power of the lens
should be 1ncreased , first, until the room appears
normal for that parficular type of distortion
and the power of the lens recorded 1n the column
provided , second 1t should be still further n-
ereased until the distortion 18 overcorrected and
that power recorded in the column provided

A sumilar procedure should be followed with
the other size lenses

The last step 1 the exammation 1s to put
plano lenses in the frames and determine the
nature of the subject’s space sense, recording 1t
with one or more checks (v) in the columns
provided

This deternunation 1s made last because 1t
has been found that often 1f the room has been
distorted 1m various ways by the size lenses, the
subject (1f he has anomalous space sense) 1s
much less likely to compensate for 1t by sup-
pressig his binocular responses

THE FRONTAL PLANE APPARATUS
A Semifunctional Test

The third test mvolves the determination of
the subjects spatial 1esEonse as mdicated by
the position m which he localizes an object
plane normal to his lme of sight  The qnanti-
tative deterrmination of where he locahzes the
object plane 15 given by the amount he must
tip 1t to cause 1t to appear n hus frontal plane

The Frontal Plane Apparatus was destgned
to mive data from which indications of the pres-
ence of each of the five types of anomalous in-
congruities mentioned above, could be found.

The apparatus consists of four wooden tracks
(designated as lanes) which converge to the
mrd-point of the mter pupillary base line of the
observer At a distance of three meters from
the observer, a central rod (14-1nch diameter)
15 mounted 1n a vertical posttion  This serves
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as the central fixation rod n the median plane
of the observer On each of the tracks, there
are riders free to slide along the tracks and con-
trolled by the observer by means of cords On
each rider a vertical rod 1s mounted A vertical
screen with rectangular opeming restricts the
visnal field to the 1ods, and pievents both the
tops of the rods and the riders from being seen
Behind the rods a smtable background 1s pro-
vided Bothscreen and background are pamted
white and are uniformly illuminated to the same
brightness (20 apparent foot-candles) All
rods are painted black

On each of the rods three black spherical
spools are attached, which aire irregularly spaced
on the five 1ods The addition of these spools
theoretically introduces empirical factors and
may prevent one from obtalnimg a true long-
tudinal apparent fronto-paiallel plane The
spools are added, however, to provide vertical
contours so that the induced effect can take
place This effect probably 1s aided also by the
contour of the opening m the screen and othe:
details on this particular apparatus

The positrons of the rods on the tracks are
indicated upon suitable scales The umits on
these mdicate the percentage of difference in
the s1zes of the angles (specifically the tangents
of the angles) subtended at the two eyes by the
central rod and any other rod m a given posi-
tion The particular scales on this apparatus
were calenlated for an interpupillary distance
of 64 milluneters

This method for recording the positions of
the rods 1 their respective lanes 1s most nseful
and productive  When the angles to the two
eyes subtended by a given rod are equal, the
rod lies on the so-called Vieth-Muller circle (a
cirele passing through the cential rod and the
entrance pupils of the two eyes) The percent
valne for these positions on all the scales 1s
“zero” The percent values are positive or neg-
ative depending npon whether the angles sub-
tended by the right eye are greater than those
subtended bv the left eye  Positive values m-
dicate that the angles are larger in the right eye
If the average of the valueg for all the rods when
adjusted for a given criterion 1s positive, the
average of the angles subtended by the right
eye 15 larger than that of the left, but the ocular
mmage of the leff eye 1s effectively larger than
that of the right eye 1n the horizontal meridian
When the rods have been adjusted for an ap-
parent fronto-parallel plane and the positions
of the rods recorded, the data should be plotted
1 the same manner as heropter data The ab-
sc1ssa represent the lane angle and the ordinate
the scale reading Under favorable conditions



these points should Ite on a straight ine  The
intercept of this line on the ordinate axis gives
the average effective percentage difference m
s1ize of the ocular mmages in the horizontal me-
ridian for the fronto-parallel plane criterion
If the intercept 1s above the origin, the left eye
mmage 18 effectively larger than the image of
the right eye, 1f below, vice versa  If the rods
are set 1 a rotated position such that the left
rods are nearer the observer, the right farther
from the observer, the intercept of the line will
be positive, that 1s, above the origin

The slope of the line which best describes the
points representing the data on the graph 1s a
measure ot the departure of the apparent frontal
plane from the so-called Vieth-Muller circle or
equivalent 1n the case that the apparent frontal
plane 15 skew The departure from the V-M
condition has been designated as the Hermng-
Hillebrand deviation The slope of the line on
the graph, then, 1s a measure of the Hermg-
Hillebrand deviation and 15 designated by H
If the slope1s zero the curvature of the apparent
fronto-parallel plane as determined by the set-
tings satishes the V-M condition

‘When H=0 data lie on Vieth-Muller circle
H=1 data lie on fronto-parallel
lane
H>1 data lie behind fronto-parallel
plane
H<1 data lie mnside fronto-parallel
plane
H<0 data lie mside Vieth-Muller
cicle

The method for determining the slope (there-
fore H) of Line on g1aph which best fits the data
1s that of least squares

A phorometer head and adjustable chin cup 1s
mounted on the tahle to support the head of
the observer On the phorometer head there
are two pairs of rings which can be swung 1nto
place before the right or left eye of the observer
There 1s one pair of fixed rings which supports
apertutes beyond the two just mentioned
These apertures restrict the visual field approx-
imately to the opening in the screen of the ap-
paratus Beyond these rings, in a Steven’s
front, are special size lenses the use of which
will be described below In the pair of rings
nearest the eyes are 1 percent memdional size
lenses mounted at axis #0° When one of these
15 1nterposed before one eye, the rods should
appear displaced 1n accordance with the geo-
metrical effect  In the second pair of rings 2
percent meridional size lenses are mounted at
axis 180°  When one of these 15 inte1posed be-
fore one eye, the rods should appear displaced
m accordance with the mduced size effect
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Cyclo-Dechnation Test

In front of the screen of the apparatus, a spe-
cral umt for testing the cyclo declinations of
the eyes 15 mounted This umit consists of two
separated homzontal slats of wood with axs
i the median plane of the observer The upper
slat 13 suspended from above 1n a fixed position
The lower slat 1s supported on a rder whch
shides along a wooden track also 1n the median
plane The rider can be controlled by the ob-
server by means of a cord A long removable
rod 15 suspended 1n holes at the front ends of
the two slats, being free to swing on an axis
in the upper slat  The slats and rod are painted
black, the supports white When the rider 1s
moved along the track, the lower slat moves
nearer or farther than the position of the upper
slat, carrying the rod along with 1t The m-
chnation of the rod in the median plane 1s thus
changed with the movement of the rnder A
scale on the track indicates the angular (de-
grees) inchination of the rod from the vertical
position, the angle being positive when the top
of the rod 15 away from the cbserver The sub-
ject 1s asked to set the rod untal 1t appears
vertical, and the ends of the slats are the same
distance. A shutter on the back of the screen
18 lowered to cover the rods of the horopter
apparatus during this test

The unit 1n front of the phorometer head, a
“Steven’s front,” has two meridional size lenses
(34 percent) When the handle 1s turned, the
two lenses turn about their optical axes 1n oppo-
site directions  Stops on these indicate when the
axes are 1n position (1) R E axis 45°, L E
axis 135° (Exes converging upward) or {2) R E
axis 135°, . B axi1s45° (axes converging down-
ward) These meridional size lenses, when at
oblique axes, introduce a rotation of the 1umage
of vertical objects about the optical axis of about
0 2°, thus altermg the apparent declinations of
the eyes

The test procedure 18 as follows First the
subject 18 mstructed to adjust the four movable
vertical rods so that they all appear at the same
distance as the fixed vertical rod It 1s believed
that 1n general one setting gives sufficiently ac-
curate results The subject may set the rods ap-
proximately normal to his median plane, or }E)e
may set them at an mchnation to g median
Pplane and 1 a convex or concave curve

The first type of setting indicates that the sub-
Ject sees his frontal plane oriented where 1t ac-
tually 15 Im the second case he does not If
the rods, after setting, are mn a tipped curve, or
the curve 15 too convex or too concave, the sub-
ject does not see his frontal plane oriented where
1t actually 1s



The false spatial localization mdcated by a
tipped setting may be due to anomalous ocular
meongruties of three types

1 Dufference in =ize of the oculal 1mages 1n
the horizental meridian

2 Dafference m swe of the ocular 1mages 1n
the vertical meiidian

3 Dufference m gize of the ocular 1mages
ovex-all

The false spatial localization indicated by a
setting m which the rods are 1 a curve too
convex or concave, 18 due to anomalous asym-
metric ocular mcongrmities 1 the horizontal
meridian

But even thongh the subject sets the rods ap-
proximately normal to the median plane, this
fact 18 not conclusive evidence that his spatial
response 13 normal  Such an apparent normal
setting may be due to particular combinations
of horizontal, vertical, or over-all differences 1n
the ocular 1mages or to conditioned compensa-
trons to such differences

To determine whether or not this 1s the case,
a further procedure 1s necessary  This consists
m placing before the subject’s eyes certain size
lenses that artificially mtroduce the character-
1istic differences 1 the ocular mmages The
lenses considered suitable for this apparatuos are
those which introdnee (1) a 1 percent difference
i the horizontal merdians, (2) a 2 percent
(ifference 1 the vertical meridian only, (3) a
2 percent difference over-all, and (4) a positive
and negative amount of asymmetrical incon-
gruity in the herizontal meridian

With a subject having normal spatial locali-
gzation these lenses will cause the apparent
frontal plane as mdicated by the positions of
the rods to appear tipped or curved m definite
positrons I, however, the subject has anoma-
lous ocular mecongities he will not respond
symmetrically or quantitatively to the differ-
ences 1mtroduced by these vaiious lenses and the
position of the rods for his apparent frontal
plane will not change as 1t should The nature
of the response indicates the nature of the anom-
alous ocular incongrmity  When size lenses that
mcrease the horizontal meiidian of the ocular
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mmages are placed before first one eye and then
the other and the expected magmtude of tipping
does not take place or 1f the response differs,
depending upon whether the lens 1s before the
right. or left eye, one has evidence that corre-
spondence 1 the horizontal meridians of the
ocular mages may be abnormal If the ex-
pected tipping does not take place when the
horizontal meridian 1s 1ncreased 1n one eye, 1t
15 evident that the ocular image of that eye 1s
too large i that meridian  Sumnilar conclusions
can be drawn from lack of 1esponse mn the posi-
tioning of the rods when the size lenses that
mtroduce the other types of incongrmties above
mentioned are used

A similar procedure 15 followed 1 determin-
mg the subject’s spatial localization of the ap-
parent vertical 1n a sagittal sense  Such would
be related to his cyclo 1mage incongruity or the
declinations of the two eyes In fiont of the
apparent frontal plane rods 1s a long vertical
rod than can be tipped about a horizontal axis

rpendicular to the median plane The sub-
ject 15 asked to set 1t apparently vertical A
substantially vertrcal setting would 1indicate
that his sense of the vertical and the cyclo rota-
tion imcongruity of the ocular 1mages was nor-
mal, 1f the rod 1s set inchined, they were ab-
normal To obtain confitmatory data, the sub-
ject 18 asked to set the rod apparently vertical
when lenses that introduce about one-half degree
of excyelo and mneyelo change 1n the dechnations
between the two ocular 1mages are put before
the subject’s eyes  The lack of response or un-
balanced response indicates the nature and
degree of the anomaly

From this procedure a table of data will be
obtained on each subject These data are plot-
ted on the form attached Any variation of
the curves 1n these graphs from the normal will
indacate defects 1n visual localization

The nature and magmtude of defects which a
person might show when tested and stall be
acceptable for training as an aviator can be
determined only after such data have been ob-
tained on a large number of flying cadets, to
determine the maximum of the defects shown
by those who later become good pilots

APPENDIX III

Distribution of So-Called “Size Amplitudes” 1n the Eikonometer Measurements for the
Kansas City and Pensacola Subjects

As pomnted out 1n Appendix I, the procedure
In measuring aniseikonia in any meridian must
employ “the method of Limits”, as similarly re-
quired m the measurement of other psycho-
physical quantities The examiner increases

the magnification of the 1mage of one eye untal
he knows from the subject’s reports that he sees
the 1mage 1n that eye larger The magmfica-
tion 1s then decreased untal the subject sees the
mnage 1n that eye smaller 'The process 1s re-



peated for the other eye, 1f necessary, to define
the limrts  The interval or range ot the a1tifi-
cial 1mage s1ze differences mtioduced, within
which the subject reports equality of the 1mages,
13 designated at present as a “size amphtude ”
One-half the “size amphtude” 18 considered a
measure of the sensitivity of the subject to re-
spond Lo atificial size difterences.
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Ounly the distributions of the “size amph-
tudes” for the Kansas City and Pensacola sub-
jects will be given here  Suffice 1t to state that
m the climeal divimon of the Dartmouth Eye
Institute, these amplitudes are seldom under
14 percent and average about 3} percent to 1
percent

APPENDIX IV

stribution of Ages and the Opthalmological Data on the Air Carrier Pilots and the Navy
Subjects

The Fikonometer data obtained from the awn-
ators measured showed that considerably less
aniseltkonla exists 1n the Navy subjects (280)
than in the air carrier pilot subjects (3(? In
an attempt to determine what factors, of those
measured, might account for the difference, vis-
ual comparisons can be made between the dis-
tributions of the following for which tables and
graphs have been prepared

1 Aces —There 15, of course, a striking dif-
ference 1n the age ranges of the two groups  "Lhe
Kansas City airline groug varies m age from
24 to 45 years with a mode of about 33 years
The Pensacola Navy group varies from 20 to
28 years with a mode of agout 23 years It s
dafheunlt to account for the difference in anisel-
komia sumply on difference of age range alone,
unless there 1s some concomrtant factor between
age and ncidence of amisetkonia  (See fig 7)

2 Visvar Acurry —It 1s believed that both
groups have essentially the same visual acuity
It must be kept in mind that the scale for differ-
entiating between degrees of visual acuity when
that acuity 1s high 1s quite inaccurate  That 1s,
the significance of the difference between
20/154+20,/20— 1snot precise  If the acuity rat-
mgs are brought to the nearest whole clinical
unit, that 1s 20,20, 20/15, 20/10, cte, all differ-
ences between the Kansas City and Pensacola

roups disappear If the data are assumed to
%e valid, however, the Pensacola group as a
whole has shghtly better acuity because none of
this group had visual acuity less than 20,20
(See fig 8)

3 Rerricrive Errors —The refractive error
distributions of both groups, when regarded
without consideration of the sign of the error,
are apparently alilke When the sign of the error
1s regarded 1t will be noticed that in the Kansas
City group there 1s an approximately equal dis-
tribution of myopia and hypermetropla, and
that 1n the Pensacola group very little myopia
15 found This difference may be due to the

method of exammation since the refractive con-
ditions of the Pensacola group were determned
under a cycloplegic by retinoscopic methods
using plus spheres only, whereas the Kansas
City group was examied without cycloplegics
and with plus and mimus spheres and minus cyl-
inders It would not seem that the differences
this refraction between the two groups could

account for the amsetkonic duifferences  (See
figs 9 and 10
4 Axran Stermoscoric Sewstrivity —( How-

ald-Dolman test ) The distributions for the
axial stereoscopic depth perception sensitivity
mndicate that the Pensacola group was less sensi-
tive than the Kansas City group It 1s question-
able, however, whether this difference 1s signifi-
cant because 1t appears that the techmique of
examnation used on the two groups was not
precisely the same  (See fig 11)

5 Proria —The distribution curves for the
horizontal (fig 12) and vertical (fig 13) phorias
for the two groups are not greatly different
though there 1s a suggestion that the Kansas
City group showed slightly smaller phoras
1t 8 believed this could not explamn the differ-
ence 1n the anisetkonic measurements

It would appear that none of the ophthalmo-
logical factors could explain the difference in
the mmcidence of amseitkonia found 1 the two
groups The age differences cannot be easly
given as an explanation It has been suggested
that precision of the Eikonometer measure-
ments was mncreased between the Kansas City
and the Pensacola tests This would be borne
out by the smaller, so-called “size amplitudes”
found 1n the Pensacola Eikonometer tests (Ap-
pendix ITI) However, this alone could not
entirely explain the aniseikonie differences
found, since the centers of the amphtudes
(which define the amseikoma present) would
not be displaced appreciably when the ampli-
tudes were mcreased in width
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APPENDIX V

Treatment of Data From the Leaf Room and the Frontal Plane Apparatus

Leaf Room

Because of the subjective nature of the Leaf
Room test, the only approach to a statistical
analysis 15 by use of an ordinal scoring method
There are three parts to this test, and each part
must have a different scoring method The
methods were agreed upon and are probably
satisfactory and descriptive, but obviously are
not the only ones that might be devised

Methods of scoring the three parts of the
Leaf Room Test

1 The apparent distortion of room with “plano”
lenses
f—mno distortion
1—some distortion
2—large distortion
8—more than one type of distortion
2 Response to size lenses, before one or the other
eye
0—un&1 distortion
1—unequal distortion
2—no distortion n one eye
3—reverse distortion
4-—no distortion m either eye
3 Size correction necessary to remove apparent
distortion
2—14 percent to 1) percent to correct distor-
tion
4—34 percent to 14 percent

6—34 percent to 34 percent
874 percent to 1 percent

Clearly these scores a1e not additive and each
part of the test must be considered separately
Igure 3 (A) of the report 1s a histogram 1llus-
trating the frequency of the four scores for the
Pensacola subjects, tor the apparent distortion
of room when “plano” lenses were used, that
15 when the eyes were used normally Figure
3 (B) 1llustrates the frequency and cumulative
trequency curves for the sensitivity of response
of the Pensacola subjects to s1ze lenses of small
magnification, when placed before one eye and
then the other

Frontal Plane Apparatus

The bases for ascertamming the presence of
ocular incongruties on the Frontal Plane Ap-
paratus test are

1 The 1mtial error in the setting of the four
rods, or of the “cyclo” rod

2 The unequal response or the failure to re-
spond on the part of the subject 1n setting
the rods so as to appear ‘“frontal” or all
at the same distance, when a specified size
lens 15 placed before one eye and then the
other

3 The irregularities and lack of repeatability
1n the setting of the rods



The 12 raw scores obtaned from the data
from the Frontal Plane Apparatus for each sub-
ject are as follows

1 Average of the two normal intercepts

2 The average slopes of all lines, excluding
the data obtamned with the asymmetiy
lenses

The average scatter of the data points
from the best fitting lines

The change 1n the slopes of the two lines
representing the data obtained with the
agsymmetry lenzes, fiom plus asymmetry
to minus asymmetry

The mean mntercept of the two lines repre-
senting the data obtained with size lenses
REx%°andL E x 90°

Same for lenses R E x 180° and L E x
1807

Same for lenses R E Oner-all and L E
Over-all

The separation between the two hines rep-
resenting the data obtaimmed with size
lenses R E x90° and L E x90° This
valne 15 proportional to the response to
x 90° size lenses

Same lenses x 180° R E and Lt E

Same for lenses Over-all R E and L E
The “normal” deviation of the “cyclo”
setting from the truly vertical

The sum of the response to cyclo lenses
converging upward and to cyclo lenses
converging downward

=T
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From the cumulative frequency curves for
each of the parts of the test, three caidinal
scoles, 1, 2, and 8 were derived to describe the
vartous parts of a given test The hmts of the
vaniable within which a given score was
assigned, were determined as follows If the
cumnlative frequency curve approached a nor-
mal one 1t was divided into three paits as
follows

1 group limits=0 percent—15 percent of the
subjects
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2 group limits=15 percent—=85 percent of the
subjects

3 group limits=85 percent—100 percent of
the subjects

Depending upon which direction of X the n-
creased proficiency was mndicated, the scoves 1,
2 and 3, in sequence, and 3 ndicate less profi-
ciency Sometimes the limits were shghtly
changed so that more nearly equal limits of the
variable were obtained These limts are
roughly 3 from the mean value

If the cumulative frequency cuive was of
the “error” type when the sign of the erior was
1gnored (still approaching *normal”), the curve
was divided into parts as follows

1—group Imits=0 percent—y,, #, 18 usually
determined by the average sensitivity of
the test

2—group limits =1y, percent to y, percent

3—group lirmts=y, percent to 10{ percent

¥y 18 usually selected so that the limits of the
vartable in the A and B groups are nearly equal
¥, averages about 85 percent again

Each part of the Frontal Plane Apparatus
was thus scored 1n terms of these cardinal num-
bers They could therefore be used for gross
correlations, singly or 1n combination for test-
Ing associafions It does not seem worthwhile
In this report to go into further detail on the
description of handling the data on the vaiious
parts of the test

Figure 4 of the report was drawn {rom the
distribution of a combined scote for all the
parts of the test A large total score then inda-
cates generally poor behavior mn many parts of
the test It 1sbeheved, however, that this total
score tends to mask certain differences which
might be sought, and can be used only for plac-
g a given subject mto one of three groups that
describes roughly the quality of his bmocular
space perception

APPENDIX VI

Relationship Between Aniseitkomia As Measured on the Eikonometer and Available
Opthalmological Data

The nature of the data in certam parfs of the
ophthalmological data makes 1t 1mpractical to
make linear correlatious on the material It
15 best under these circumstances to see whether
a rough correlation exsts hefore attempting
to render the data capable of linear correlation
A prelminary studv can be made by dividing
the distribution of the various measures made

mto 5 parts and thus malking 1t possible to set
up a contrngency table of 25 squales

Accordingly, the data were divided mto 5
parts with approximately 20 percent of the cases
i each part No attempt was made to separate
into finer groups those cases which are border-
line, but these were distributed evenly about the
divaiding lines of the various groups



The groups for the various ophthalmological
data were as follows

1 Visual acuity

Group I_____ 20/15+ and below
Group IT..______ 20,15

Group ITT__________ 20/15—
GroupIV__________ 20,20+

Group V__________ 20/20

Maximum Refractive Error in Either Eye

Groups L and IT____ 000D

Group III____________ 025D

GrouplV______________ 050D

GroopV_______________ 075D and over
3 Axal Stereoscopic Sengitivity

GroupT__________ 0— 6 Millimeters

Group I1. _______ 7-10 Millimeters
Group ITT___.____ 11-13 Mallimeters
Group IV________ 1415 Mallimeters
Group Vo________ 16 and above Millimeters
(4-a) Horizontal Phoria
Group I______ 0a
Group IT_.___ 14 and 14A

Group III____ 1 and 1154
Group IV____ 2A
Group V Over 2a

(4-b) Vertical Phoria

Groups I II, TIT_____ 0A
Grouwp IV _________ 4A
Group V oo Over 14A

The Eikonometer data, which for this study
were clhiosen as the maximum 1mage size errors
found m any one meridian for each subject,
were divided ag follows

O E Data (Pensacola Only)
Group 1 () percent
Groups IT and ITT_. 1% percent
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1/ percent
84 percent and over

When an effort was made to set up the tables
for this contingency, it was apparent that 1t
would be 1mpossible to determine the index of
contingency 1 this case because the necessarily
ragged distribution could not be divided evenly
mto five parts In certam cases, as for example
the distribution of the maximum Eikonometer
data the 2040 and 40-60 percent groups must
be brought together 1n one group For the
putpose of analyas, therefoie, this group has
heen divided by two mn each case  Further in-
spection of the tables suggested that the essen-
t1al part of the analysis can be obtained by add-
mg the four distributions m each of the four
corners of the table and setting up a fourfold
table The degree of association of these dis-
tributions can then be studied by X2, “chi-
square,” {1eatment

In the following the values of X? and the
probability that the particular distribution is
due to chance are given tor the ascociation be-
tween the maxunum amseikonia and the vailous
ophthalmological data

1 Visual Acuity._____ X=01 P=0175
9 Rehiactive Error___ X*=035 P=035
3 Axial Stereoscopic
Sensttivity_______ Xz=}5 P=0014
4 Phoras
a Horwzontal ______ X=04 P=05
b Vertweal _________ X2=00 P=10

It 1s clear that there 15 a significant associa-
tion only in the case of the Axial Stereoscopic
Sensitivity  This 1s a positive association In
the other cases, namely Refractive Erior, Vis-
ual Acuity, Horizontal and Vertical Phoras,
there are no significant associations

APPENDIX VII

Comparison of Tests on the “Washout”, and Instructor-Pilot Groups In An Attempt to
Find Indications for IDhfferences Between Aniseikonla, Faulty Binocular Space Per-

ception, and Flying Performance

As pomnted out 1n the report, whether or not
the degree of aniseikonia and taulty space locali-
zation found m many of the cadets 1s important
to their snccess in flylng can be determined only
by a careful study of the errors and the flying
performance of the mdividual pilots A truly
satisfactory study of the correlation of the re-
sults of this inyestigation with fight perform-
ance of the subjects measured would be quite
valuable From such correlations a rating for
prognosis of failure, difficulty m learmng and
for specialization could be established —Since
this cannot be done, there remains only the

crude separation of the data of the instructor-
piot {37) and the true “washout” (33) groups
The unselected eadets could be used as a control
group It will not be necessary to present all
the details of this separation for all the various
tests on the three instruments It 1s important
to keep in mind 1n evaluating the results that
both groups are wery small, and care must be
made 1 arriving at final conclusions

Eikonometer

The data of the etkonometer failed to show
any difference between the two groups The
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fourfold tables for the vertical and horizontal
meridians are Seore Uncsaﬂggzed Imstructors | * Washouts”
Vertlcal mendian Horlzontal meridisn 02 _______ . 36 50 o4
Anisetkonia 35 .. 47 31 62
Instructors | Washaouts | Imstructors| W ashouts 68 ____ 15 19 14
— — 910 ____________ 2 0 0

<8V ____ 30 26 28 24
38 . 7 11 4 8 This table would also suggest that the In-
structor group showed shghtly better responses
to size lenses 1 the Leaf Room than did the

Leaf Room

The leaf room data consists of three parts
(1} The determination of the appearance of the
room when “plano” lenses are befoie the eyes
of the subject (2) the determnation of whether
the appearance of the room changes 1n response
to certain “size lenses” before the eyes and (3)
1f an equal response 15 not found with a lens
before one eye and then before the other, that
lens 18 determaned which, before the lower re-
sponse, mduces an equal response For this
study only the first and second need be consid-
ered

The “Plano Lens” test—The data from this
test were scored with ordinal numbers as
follows

(0—no distortion of the room

1—shght distortion of the room

2—large distortion of the room

3—more than one type of distortion of room

The tabulated percentages of subjects among
the four scores are as follows

“washout” group

Frontal Plane Apparatus

There are many parts to this test and the
combined score of:7 all the parts proved of httle
value m differentiating the instructor group
from the “washout™ group In Appendix V
the various paits of the test are lhisted Of
these there were shght mdications of a daffer-
ence between the two groups,

(a) The total response 1n the rotation of the
configuration of the rods m oider that
they appear “frontal,” when an overall
size lens was used before one eye and
then the other
The total 1esponse 1n the two meclina-
tions of the “cyclo” rod, in order that 1t
appear vertical, when meridional «ze
lenses are placed at oblique axes before
the two eyes, first, with lens axes converg-
g down and second, with the axes con-
verging upward

It must be borne 1n mind however that these
results could not be tested for significance be-

(b)

Qoore Unselected . cause of the small numbers 1n each of the two
eedets | fustructors | “Washouts groups  The above differences may be due to
e1rors 1n sampling and no reliance should be
(1)— --------------- g% gg gg placed in them at this time
20 .. e 15 [ 16
B o 2 0 3 INSTRUCTOR GROUP
701 /
These a1e 1llustrated 1n figure 14  An inspec- .
tion of the table and histogram indicates that p
as a group the mstructor-pilots show less faulty 8 |
gpace perception than do the “washouts” How 2 7 MASHOUT GROLP
sigmficant this difference 15 will depend on tests |, | 7
on more subjects 2
The responsa to size lenses—The data from  § |
this part of the Leaf Room test were scored o /
according to the lens necessary to correct dis- < |
tortion, as follows P
2—14 percent to 1/ percent 10+
4--34 percent to 14 percent
6—54 percent to 34 percent
8—7%5 percent to 1 percent o 1 2 3
SCORE

The tabulated approximate percentages of the
subjects are as follows

Figure 14 —Dhstribution of faulty appearance of leaf
room, of mstructors and “washout” group
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