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This nwest&l”n mas undertaken to deter- 
mme the extent to rrhlcb anlwkoma’ exists 
among pdots and student pdots and \, hether or 
not IL may be considered d. factor m flymg 
ablllty It was very drsrable to lenm, for m- 
stance, whether Its presence 1s responsible for 
poor Aymg technique, and whether It can be 
Induced through futlgue, and If so, to what 
extent 

Some student pdots learn to fly read+ and 
with an appar?ntlj nntural aptitude, wlule 
others, who quahfy equally well phJs~cally 
under present standslds of measurement, hsx e 
consldelable d&cnlty dung mqtructlon Thls 
fact, of course. applms to the mdltary serrlces as 
well as to cn lharl trammg In s”me CRS”S those 
hang d&cultv turn out reaionably well, ahlle 
others never d&lop Into safe pdots 

Important researches are bang conducted by 
a number of mstltutwns for the detennatl”n 
of better physlologlcal and psychologxal stanil- 
ards by which to measure pllot aptitude and 
ablhty Indlcatmns pant rather strongly to 
the posslblhtg that the preralence of amselkonla 
may be one of the causes of flrmg faults, such 
as leveling off too high or too low above the 
ground or conslstenrly landmg with one wmg 
low, etc 

In consldermg the results of this mvestlga- 
tmn, the followmg facts should be kept m mmd 

(1) The subject materml studled at Pensa- 
cola constituted a partxxlally selected 
group III which cadets nlth deficmnt fly- 
mg capacltles had been elmnnated m ear- 
her stages of tlmung 

(2) Data. avadable on the flymg performance 
of the cadets studled did not disclose the 
nature of the pdots’ faults “P provide a 
baas for cornlatlon %lth the nature of 
the amsakoma found 

FOREWORD 

(3) The preclslon of bmocnlar spatml locall- \ 
: 

zatlon needed by cadets 111 trxmmg 1s 
not of a high order smce they fly over 
well-known fields where there are a pi-e- 
ponderaxe of unmcula~ clues The unl- 
ocular spdtlal l”callzatlon clues from 
such environments might enable a cadet 
to successfully perform even though he 
had anomalous or poor stereoscopic VI- 
mn In other envxonments wbele such 
clues are ferr or do not exat, and where 
bmocular locallzatlon has to be r&d 
upon the presence of amsakoma might 
act to the disadvantage of the pdot 

Stodles of many chmcal patients of the Dart- 
mouth Eje Ire-Mute sbo~v a lngh conclatmn 

\ 
\ 

bet\\een anlselkoma and anomalous (faulty) 
bmocular spatml locahzatlon m envwxnnents 
There there are fen monocular spatml localua- 
tmn clues, such as perspectn-e and known forms 

The lack of correlatmn therefore, found be- 
tween the amount of xnselkonla measured m 
the pllots studled m this mvestlgatmn and them 
flymg performance should not lead one to the 
conclus~“n that there exists no correlation be- 
h-em anlselkoma and flymg performance 

The attached prehmmnary report of an mves- 
tq$mn of the mmdence and effect of amse- 
lkoma on ancraft pllotnge w&s prepared under 
certau, restnchons caused by the war sltuatlon 

It 1s regretted for Lnst.lnce, t11at a rn”M com- 
plete scrzut~fically documented statement. m- 
cludmg correlations with performance data and 
the data relatmg to physlologxal and psycho- 
logxal condltlons obtamed by membeis of othel 
mstltutlonal research staffs nlth TX hlch tkls 
study subsequently became assocmted, was not 
possible due to other asslgmnents caused by 
ihe war 

The report aas prepared by the Dartmouth 
Eye Institute from data gathered by Dr Robert 
H Peckham who cslrxzd the field superv~on 
res on+lbllltles of the study both at Kansas City 
an x at Pensacola 



INCIDENCE AND EFFECT OF ANISEIKONIA 
ON AIRCRAFT PILOTAGE \ 

INTRODUCTION \ 

An~sekoma 1 1s defined ns a defect of the bl- 
nocular vmual processes m mhlch dlffercnce~ 
exist m the sme or shape of the ocular mages 
m the tn” eyes The term “ocular mage” 1s 
used to deslgnate the mage rrhlcb finally reaches 
c”nsc~“usness through tbe wslon of “ne eye 
Slgmficant d~ffrrence~ 111 size betneen the two 
ocular mages, 1/L percent to 4 permt, are USI,- 
ally too small to b? obsen ed bl the mdmdunl 
and hence can be mawred “nly mth speaal 
lnstrulnents 

In the ~lmcal dmslon of the Dzntmuulh EJ-;e 
Clmc where patmts mth .ume~konm have hem 
measured, and m the laboratory nhere art&ml 
anwakonm can be mtrodnced by spccml lenses, 
eapenence has shonn that a matked false space 
locabzxtlon gme~~lly “CLUIX rrhen the mdmd- 
ual alth a sme dlffcrence of even a small amount, 
1s placed m an ennronment vbere strong per- 
spectm monocular clues do not east 

Spec& types of spatml d~stortmns ascoaated 
wth d&rent ocular mcong,utles m&de lhe 
apparent slopmp of the glound-the “stdehdl” 
effect or the L‘uphW or “downhdl” effect the 
apparent change m the d~stnnce of oblects, the 
npparent enlargement “1 dmnnutlon of able&, 
the dlrtortlon of the forms of extended figures, 
etc These false space localuatlons would be 
rnpo’tdnt to the arlator fl\ mg near the glound, 
m landung or takmg off, so as to a\-old flymg 
vnth “ne wmg lo!\, “i- -71th nose of the plane too 
high or too low, m estmntmg the ha&t of the 
plane flom the ground, m the avoidance of ob- 
stacles, and III fly-mg m formntlon or m acro- 
batm 

Because of the assocmtlon between mage sme 
differences and faultv bmoculal spatml locall- 
a&on, the nmdence”of ammk”n;a appears to 
be mportant m the selection and tramng of 
pllot candidates. In the summer of 1939, 
the Cm1 Aeronautm Authonty made arrange- 
ments mth the Dartmouth Eye Institute to ob- 
tam data. on the problem It was provldcd that 

Id blbllographr on the submet Nlll be mum3 10 Appendlr I 

100 or m”re subJects (later speafied RS pllots) 
\,ere to be tested to determme the percentrrge 
havmg amselkonm 

The Dartmouth Eye Institute began makmg 
the msual exammatlon for the mcldence of ‘ml- 
selkoma (and the faultj bmocular space percep- 
tlon assocmted wltb It) upon first-lme commer- 
cm1 pllots at the Cm1 Aeronautics Authonty 
Medml Scmm St&on at Kansas City. MO, m 
.Januruy 1940 The pro]& was contmued III 
September 1940 at the U S Naval Am Statlon at 
Pensarola, Fl<r Up to January 1, 1941, the 
follonmg subjects mere tested 

36 Cm1 ax cnrrler pdots (Kansas C$‘) 
188 Cadets entmng Pensacola for tramng 
55 “W\‘ssh”uts” or cadets whoso flymg progress 

was m question or nhose lnmted A 
ablhty wananted then. dmussal P 

mg 
ram 

the Ststlon 
37 Ensrgn mstructor-pllots 
This report 1s based upon the data collected 

from the tests made on these subjects 
At Pensacola, because of servwe condltmns, 

the tune allowed fol the testmg of each cadet 
\rns lmuted to half an hour so that the tests 
had to be abbrwmted and confined to the fol- 
lovang 1nstr1mle11ts 2 

(1) The Elkonometer - B nonstereoscoplc 
type of m%Iument m mhlch the relatwe sue 
of the ocular mages of the two eyes 1s compared 
dmctll b: the subject (10 mmutes) 

(2) The so-called “Leaf Room”-a stnctly 
fonctlonal test for ascertamng whether or not 
a subject sees bmocularly a three-dmensmnal 
form where It actually 1s This 1s a sublectm 
test m which the observer describes the appear- 
ance of B rectdmear room under different test 
condltlons The extent to whcch the sub]& 
falls to see the room m Its true form or falls 
to see It dlstorted Then “sm lenses” are put 
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before the eyes g-ma a meneure of the ocular space perception as cnterm of the presence of 
image lncollgrnltles present 

(3) The -o-called “Frontal Plane Appala- 
ocular msge mcongrmtles The subJect sets a 

tus” 3-a semfunctlonal test usmg bmocular 
senes of rods for an apparent flontal plane 
under dlffelent test condltlons * (10 mmutes) 

DISCUSSION 

THE EIKONOMETER DATA 

From the Elkonometer data obtamd, the 
sublects were placed m separate groups accord- 
mg to the xnage sme d&nrnce (amse~kom) 
meamred for d&ant rmmn m the vertxal and 
bonzontal merxl~an The permt<Lges of the 
Pensacola and Kamas City subjects v.hlch fall 
mto the va.nous groups are gwen m table I 
Also mcluded for comparison are the data ob- 
tamed on a class of college students and on a 
lage number of clmcal p&l&s from the 
Dartmouth Ele Clmc 5 

The decreasmg cumulatwe dlstrlbutlons of 
these data are shown graplmally m figure 1 

It IS clear that the mcldence of amse~koma 
ns measured on the Elkonometer 1s stnkmgly 
le-s m the Pensacola cadets than m the other 
population g’oups-even less than that m the 
cm1 axlme pilots The table and graphs show, 

for example. that approxmately 8 percent of 
the Pensamln sub@s have unage bme dAr- 
ence~ gmtor than 1/2 percent, nhde approxl- 
mately 40 pmcent of the axlme pllots, more 
than 40 pecent of the college group, and ap 
proxmately 80 percent of nmsakomc clmcal 
patients hare differences greater than 1/ 
percent 

To be considered also with the low mcldence 
of amwkoma m the Pcnsncols subjects IS the 
much hIpher semtmty e to the recogmtlon of 
smrll mnge sme dlffererms m the Elkmometer 
ac: compared nlth other population groups i In 
view of tins higher sensltnlty, the smaller 

Flgure I-Elkonometer Data. Percentage of sublects hanng Image mze dSerenees equal to or greater 
than any gwen magnitude. 
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amsellronx d&rences found in the Pensacola amsellronx d&rences found in the Pensacola 
sub]& become more mportant and as a result, sub]& become more mportant and as a result, 

ferences could cause faulty bmocular spatml ferences could cause faulty bmocular spatml 

It mght be expected that some of the cadets It mght be expected that some of the cadets 
loc.Azatlon m some of this group 1s mdlcated loc.Azatlon m some of this group 1s mdlcated 
by the results of the functlonsl tests described by the results of the functlonsl tests described 

would have an mpmrment of them bmoculer would have an mpmrment of them bmoculer 
spats sense That these small anm,kon~c dlf- spats sense That these small anm,kon~c dlf- 

below, and IS mplxd m the followmg theo- below, and IS mplxd m the followmg theo- 
retmd conslderatlon retmd conslderatlon 

Ii 
I - 

The graph m figure 2 shows the theoretical 
mmmum apparent rot&on of the bmoculew 

v,snal field that could be expected at different 
v,sual dmtances for dlffelent degrees of mage 
s,ze d,fferences Thus, a $$ percent difference 
could them&ally gwe nse to a maxnnum ap- 
parent rot&on of the bmocular field of 16’ at 
a visual distance of 10 feet, and 68” at 100 feet 
Usually the enmronment at these luger dm 
tmces Will contam molloculsr perspectme fea- 
tures which tend to outwagh the bmocular clues 
and prevent or reduce the appearance of these 
large apparent rot&am However, It 1s pre- 
cxely the existence of these theoretmd man- 
mum effects that could occur m unusual sltua- 
tlons, nhlch i-equwes a conslderatlon of even the 
smaller degrees of anlselkoma found m the Pen- 
sacola subjects 

The Elkonometer test, used to mezsure dSa= 
ences III the smes of the ocular unageq depends 
upon the resolmg paver of the-fey&, -usmg 
rather broad test stmuh On the other hand, 
the fun&anal tests, which include the Frontal 
Plane Apparatus (m part) and tlx Loaf Room, 
depend upon the stereosmpx processes, the sen- 
sltmty of whoch 1s much higher than resolvmg 
power alone Thus, wth high visual acmty, 
whxh means lncreasea stereoscopic sellsltlvlty, 
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even small differences in SEX between the ocular bmocular space sen~e that might senously affect 
mnages may be detected through disturbances then ablhty to operate an anplane properly 
m blnocu1a.r space locallzatlon In general It has been necessary, m the prac- 

THE LEAF ROOM AND FRONTAL PLANE AP- 
PARATUS 

The data for each subject m each part of the 
two tests were evaluated by asslgmng scores &c- 
cordmg to the number and magmtude of the 
nregular~tm and the faulty responses found 
Figures 3 (A), 3 (B), and 4 are the dlstnbutlon 
curves dlustratmg the unportant aspects of 
these tests Fugure 3 (A) 1s a histogram ~llus- 
tratmg the percentage of subjects found m dlf- 
ferent groups accordmg to mcreased faulty “p- 
pearance of the Leaf Room Flgurure 3 (B) dlus- 
trates the dlstnbutmn of sublects accoldmg to 
then sensltlveness to respond to small artlficml 
sme differences m the Leaf Room Figure 4 
1s the dlstnbutlon of the sub@s accordmg to 
a composite score for ~anous parts of the 
Frontal Plane Apparatus a 

As would be expected, the ma]ont of the 
rmbwcts have small scores There are. K owever. 

txe oi; ophthalmology, to set mo% or less &rbl- 
tranlg cntlcal values for the vital functmns 
which ~11 define tha lmnts of efiment nslon 
from that which 1s less e5ment For example, 
the cntlcal value for visual acuity has been set 
at 20/20 on the Snellen scale In dealmg with 
nmsakoms, It 1s estmnted on the bzsls of chm- 
cal prnctlce that m anatIon candidates where 
visual acuty IS high the exmtence of I/~ percent 
or more of amsakoma would operate to the dls- 
adTantage of the candldste as R pllot, and a 
cadet ha>mg such a sme d&i-ace would be 
more of a rwk than one nth a lo\rer deqree 

It 1s ddlicult to set cntlcal scores for the func- 
tlonal tests at this tune Hoxever, It 1s behewd 
that cadets whose score 1s equal to or greater 
than 3 m the Leaf Room appearance-test, 7-8 m 
the sensltlvlty to art~ficlal anlselkoma m the 
Leaf Room, and 56 as a composite score m the 
Frontal Plane Apparatus, have a faulty spbce 
sense n~h~ch probably would be a handlcap to 
theu becommg successful pllots 8 

FAULTY SPACE SENSE 

IL 



Ihgure 4 -Frontal plane apparatus data 

CORREL4TION OF ANISEIKONIA DlTA WITH 
OPHTHALMOLOGICAL DATA 

This part of the study consmted m correlatmg 
the amsclkoum of each wblect, as measured, 
with the ophthalmological d&a avzulable 
These data Include visual acuity refractwe 
errors, phorms, axial steroscopm sensltll lty, 
fusloual amphtudes, etc The X’ correlation 
method was used on fourfold table 

1 
In no case’O cau a slgmficant assoclatlon be 

found between the amselkonxi or anomalous 
space sense as measured on the three tests and 
any of the ophthalmologxal data 

This lack of correlation suggests that the 
presence of Q false spaw ~;cnse 1s not detected 
m the ordmary ophth&uolo 

f 
lcal exauunatlou 

Howew, beause much of t e ophthalmolog:1- 
cd data ava&tble lacks the needed prec~on, and 
becnusa the amsakon~a aud spnw sense tests 
had to be m&da hastdy this matter should be 
nwest@ed more carefully C,=rtamly the low 
mcldence of anlsakoma among the Pensacola 
cadets as compared alth that m other groups of 
the same age range, suggests that those aolatlon 

candidates with larger amounts of nnage swe 
dlffelences were ebmnmted &her through the 
ophthalmological exammatlon or through fad- 
ure to meet requrremeuts m the pnmary tram- 
mg schools 

It 1s already known that fatigue and anoxm 
affwt, m a negntwe a&y, other ophthalmology- 
cal functions, especially the accommodation and 
adapt&Ion mechnu~srus Clunc~l evidence 
shows that fatigue has a marked effect on the 
false space sense assocmted ~71th anwakonm 
There 1s httle questlon but that anoxm would 
haw snmlar effects 

The service condltlons at Pensacola and Kan- 
sas City prevented the obtamlng of quautltatwa 
data on this pro@ 
however, that 

It IS vitally nnportant, 

i-7 
rovxmu should be made for 

studymg the e ect of fatigue and anoxm upon 
anwakonm aud faulty bmocular space locahza- 
t1on 

The essentml queshon raised by these tests 
1s What degree of faulty space locahzatlon can 
be allomed ~1 a pllot e In consldermg this mat- 
ter one must bear m uund the degree of perfec- 
tlon requned m @ml locahzatlon This con- 
sIderatIon IS especx~lly important under modern 
coudltlons of high-h-speed axcraft and contmual 
chnnges m spatml environment 

Whether or not the degree of an~selkonx, and 
faulty s ace locahzahon fouud m many of the 
cadets a #i ects ther success m flymg can be defi- 
mtely deterrmned only by a careful study of the 
errors and the flymg performance of the mdl- 
vldual pdots Sure most of the cadets tested 
have not yet fimshed them cam-se, It 1s at present 
mmposs~ble to make correlations, but these data, 
It IS hoped ~111 socm be awillable 

Seleral of the tests gave evidence that the 
“washout” group showed a shghtly higher m- 
cldence of faulty space locahzatlon and poorer 
bmocular qppace sensltlvlty I1 

In cousldermg these rewlts It 1s necessary to 
keep m mmd that the data regardmg the “wash- 
outs” are most meager, not only because of the 
small number wallable for the tests, but also 
for the reason th& the spewfic cause of the mdl- 
vldual cadet’s trouble 1s uot clearly mdlcated 
-41~0, the lxmtatlon of tune made controlled re- 
lmblhty tests on the cadets ruposslble The ex- 
perleuce and data collected at the cluucal dwl- 
slon of the Daltmouth Eye Institute, however, 
mdlcate that the t&s are r&able 

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



“washouts” could be predicted to show a higher 
mcldence of ather amselkoma or faulty space 

been tested, whose dlfficultws are directly con- 

perception than a normal group would show 
cerned with fl~mg, can It be determmcd -xhether 

Only after a large number of “washouts ’ have 
amselkoms 1s a factor m thar mfenor flying 
performance 

CONCLUSIONS 

Snblect to the lmutat~ons under rhlch the 
data for this report were obtamed the unp”~ 
tant aspects of the study may be summarized 

(1) The anatIon cadets as at present se- 
lected for trammg at the Naval Am Stahon, 
shorn relatwely small differences between the 
SIZOS of the oculnr unoges (amselkonm), as 
measured on the Elkonometer, compared with 
those found 1” other population groups 

(2) Even though relatnely small, the hlgher 
order of the dlfferenLe between the sues of the 
ocular nnages as found on the Elkonometer 
could cause faulty spatml locallzatlon 

(3) The low mcldence of amselkonm (as 
measured on the Elkonometer) m the cadets 
mdlcates that the present method of selectmg 
the candidates, usmg c&am standards of nsual 
acuity, refractne errors, phonss, fus~onal am- 
phtudes etc , provides a basis for elunmatmg 
those who have large differences between the 
SIZCS of the ocular rnages 

(4) The functional tests for detectmg faul$ 
bmocular space locahzatmn shon that a slgnl - 
cant percentage, possibly 8 percent, of the cadets 
shorn faulty spatml locahzatlon 

(5) W%at degree of faulty space localmatlon 
should be alloned m pllots can be defnutely as- 
certamed only by a careful correlation of the 
speafic types of spatial en-“I-S found wth the 
actual flymg performance and spemfic faults of 
the cadets over a penod of tune Adequate 
performance records for the cadets tested so far 
BPO not yet avadable There was, however, WI- 
dence of a shghtly higher mcldence of faulty 
buloculal space locahzation among the “wash- 

out” group than was found rtmong the m&xc- 
tar-pllot group, the two groups whwh mould 
be at opposite ends of the performance scale 
A slgmficant difference m these two groups 
could not be expected on the baa of the data 
collected UI) to the tune this revert was 
subnntted L 

(6) A conslderntlon of the results from the 
pri&t suggests that m selectmg~ candidates 
for actlvltles where the space sense 1s so mopor- 
tnnt, complete rehance cannot be placed upon 
the tests now used, that IS, high visual acmty, 
low degrees of phonas, low refractwe errors, 
etc 

It IS the “pm~on of the research staff that 
scr00ll1ng tests for faulty space 10call2at10n 
should be gnen prospectwe pllots HOWeVer, 
such screenmg tests cannot be adopted now, 
smce adequate data are not let available from 
whmh the cntlcal ialues or the mmnnum de- 
grees of false space locahzatlon allowable can 
be determmed 

It 1s the “punon of the staff that tests for 
faulty space locahzntlon should be adopted as 
reference tests Such reference tests mould be 
routme for those cadets havmg difficulty m 
handhng then- airplanes 1x1 landmgs and ap- 
proaches, or other sltuatlons demandmg 
<murk2 spatm1 onentat1on 

The lnvestlgatlons camed out at Kansas Cltg 
and Pensacola, whxh pmvlde the basis for this 
report, were dlrected by Dr Robert H Peckham 

f 

+v;ltPennsacola he was assisted by E Craig 

APPENDIX I 

Blbhography Pertmung to Anmakonla 



Descr~ptmns of Instruments Used at Pensacola and Them Operation 

TFIE EIKONOMETER 

Essentlnlly. the Elkonometer (fig 5) consists 
of a headrest, tno groups of test lens cells, and 
an elkomc target (fig 6) To msure the re- 
quxed accuracy the headrest 1s of elaborate 
design. Its pui-pose bemg to hold the sub&‘s 
head so that the eyes ale III 8. fixed posltlon 
relnt~ve to the test lenses 

The test lens annngement cons&s of two 
parts, namely, the cells for holdmg the rehac- 
tire test lenses, and the unage sne measurmg 
umts Corncnl ahgmng dences are attached 
to the test lens supports m order that the ejes 
maq be placed at the proper dxtuxe from the 
test lenses The sme measunng dwlcos RR four 
adjustable SZR lenw umts, each conslstmg of a 
telrscoplc $>stem of two lens elemmts, designed 
m such a way that a change m aaml pa&on of 
one lens relatnre to the other changes the mng- 
mfic,ltlon of the combmatlon wIthout appre- 
clably changmg Its (zero) velgmg power One 
of the two umts m front of each eye has vanable 

“over-all” magmficatlons the other 1s a “mendl- 
onal” magmficatmn mnt, that 17, Its magmfica- 
tlon IS vanable m only one mendmn From a 
scale on the circumference, the percent magmfy- 
mg power of the nmt can be rend correspondmg 
to dlffaent separatmns of the tn.0 lens elements 

Smce the mstrument has been desqned for 
testmg at both distance and near ns~on. the 
groups of test lenses can be lonered and hlted 
for the normal readmg posltlon of the eyes 
I’rm~~on has been made for adpntmg the test 
lenses to the correct mterpuplllary d&ue, and 
for conwrgence at short distances 

The elkomc target and the rocedure m the 
test for anlwkoma cnn best L described to- 
gether This test, whxh may be referred to 
as the elkomc test is made after r7. careful re- 
fractne exammnt~on has been made and after 
the correctwe tnsl lenses, If any are needed, 
hare been placed m the mstrument 

The subject. rrhose head 1s adlusted to the 
mstrument. dwects his attention to a target (the 
so-called elkomc target) mlth ahlch the sw.e 
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F,gvre 5 -The Pkonometer 

chfferences m-e detected In the dlstxnce teqt 
the target d&u1 1s projected on an alummwad 
screen, m the near test It 1s a tiansparency 
mounted m a frame attached to the Elkonometer 

The pattern of the target conslsts of a central 
configurntlon spec~lly designed to stunulxte 
fuswn At an angular distance of 4” from the 
center, four pan-s of numbered opposmg arrows 
we located in the vertxal and horuontal me- 
r&ax By means of polarold film, the hght 
comq from the odd nwnbered arrows 1s polnr- 
lzed m one dxcctum, that from the even num- 
bered arrows m the dnectlon at right angles 
Correspondmgly orxnted polaroxl plates UP 
placed before the eyes so that the subject ~111 
see the odd numbered a-row~s .+vvlth one eye, the 
even numbered arrows mlth the other 

The leason for tlus mgemow armngement 1s 
tlus If both eyes could see only one pattern the 
sublect would be unable to detect possible 
aae rhfferences betneen the two ocular roages 
On the other hand, If the pattern seen by one 
eye were totally unhke that seen by the other, 
the eyes, laclang a fusmnzd stunulus, would 
respond to their phona, in rrluch case Judgment 
of ~lze &fferences would also be unpowble It 
1s necessary, therefore, to m&de m the akomc 
target a part of the pattern wluch both eyes sea 
smn&meously Tlus part 1s the fusion center 

In order to prevent the fuswn of oblects m 

the amount of an aistmg size d&rsnc6 can be 
waswed by adlustment of the msgnticatmns of 
the adjustable sue lens umts until the subject 
lop&s that all the odd and even numbered op- 
posmg alrows are sea, 111 alignment In actual 
w&ce, horrever, the measurement of amsel- 
koma usually requnes the detammahon of the 
lmuts of known size &fferenws mtroduced by 
the adJustable hue lenses xvclthm rrluch the sub- 
lect reports equahty of the trro nnages The 
amselkoma 1s ascertamed from the md-pouts 
of these 11rmts 

First, n record 1s made of the apparent pos1- 
tlons of the arrows of the target with the four 
wts of lenses in po&on and adlusted to zero 
Then the right over-all lens system 1s mcrensed 
for an amount suffiaent to cause a report that 
the right unnge IS greater m both horizontal 
and ver trcal mer&ms The right over-all com- 
bmatxm 1s nov reduced untd an equahty IS re- 
ported m&her the vertxal or horxontal merld- 
lan The right Image 1s further reduced bJ. 
changmg the meruhonal and over-all combmn- 
tmns by quarter percent steps until equahty 1s 
reported for both horuontal and rertxal merId- 
lans They may necessxtate a reduction or an 
ma-ease m e&x mer&ans as the examm&on 
proceeds All lenses are then returned to zero 
and a second normal determmat~on IS made 
An maease in the over-all ~ze of the left eye IS 
uow made for an amount equal to that of the 
change made in the nrht eye or untd a report 
13 gwen that the light mxtge 1s smaller in both 

the peripheral field, the view for each eye 1s 
restricted to the target by unhke apertures The 
mage sme cbfferences are measured by havmg 
the subject compare the cbstnnces betveen op- 

f 
osmg ro-rows as seen by the two eves whlla 
wlon 1s mamtamed for the center of the target 

Thus, If all odd numbered arrows are seen out- 
side of the even numbered arrows, a> over-all 
s,ze chfference 1s mdxnted If the odd num- 
bered arrorrs are outsIde the even numbered 
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are seen m ahgmnent In prmclple, therefore, F,gure B--The E.konometer target 
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vertical and horizontal merldmns The over- 
all IS now reduced by one-quarter percent steps 
until an eqnahty IS reported m &her the rer- 
tIca1 or horizontal merldlan The left nnage 1s 
then reduced I” Its magmlicatlon with eombmx- 
tlons of merldlonal and orer-all correctlo” by 
one-fourth percent steps until equahty 1s re- 
ported m both the rertlcal and horlLontu1 mend- 
mm It may be nece\saly to repeat thm process 
In order to be certam of the s”bJect’s response 

The responses to the v~rlous wt~fic~al SZ,P 
differences mtroduced by the lenses are recorded 
on a specml graph sheet From the charting 
of the responses the followmg are detcrmmed 

(1) The range mithm xvhlch sxe changes are 
not notIceable (This IS the so-called “SIW 
amplitude ‘) 

(2) The Elkonometer findmg, mhlch ~111 be 
the mid-pomts of the horwontal and rwtxal 
equa11t1es 

(3) A” &mate of the wnsltlvlty of the sub- 
sect nh~cl~ ~11 be sub@ to the judgmrut of 
the operator and ~11 be m the neighborhood 
of one-half the range of the equaht3 

A questlon 1s raised as to slgmficnut size dlf- 
fereuces m the data obtamed at Pensacola If 
the given sme difference 1s small, and less than 
the sensltwlty, the mensuremeut ml&t be called 
eqmficant, e g , y4 percent *I/ percent If 
the sensitlvlty IS large enough to Include the zero 
and the measured size difference, the meas- 
urement 1~ ould not he slgnlficaut, e g , I/$ pa- 
cent*% percent In the graph given, 2;;~ 
conslderatlon was uot taken mto account 
rectmg the dlstrlbutlon on the baas of this 
s]gmficance mcreases the sharpness of the BC- 
cumulative frequency curve, smce a greater per- 
centage 1s Included m the “no sxe d&rence” 
gr”“P 

THE LEAF ROOM TEST 
A Sublectwe, ‘Ik-ee-dmensmal, Funet,onal Test 

for Aseertamng the Presence of Faulty Space 
LOCallZatlOn 

This test mvolves the drtermmntlon of the 
correctness of a sub]ect’s spat& mterpretatlon 
as lndlcated by the posltlons aud form m which 
he sees the walls, cedung and floor of a spe,x,l 
room Thv room IS a rectangular box. ape,, 
at one end, 7 feet high, 7 feet wide, and 8 feet 
deep The rralls are vertical and the floor and 
the celhng are level The sublect ~mrns the 
*OOIU from the center of the open end The m- 
side surfaces are covered nlth preswed oak 
leaves which provide adequate contours and yet 
do not Introduce strong perspectwe features 

Persons wth normal space perceptlon wd~ 
see the room m Its true rectangular form 

Those mth abnormal space perception ml11 see 
it distorted, the nature of the dIstortIon depend- 
ing upon the nature of the anomalous mcon- 
grulbes bet-ireen the ocular xnages A large 
percentage of a” unselected group of persons 
who hare been tested m the room see some dls- 
tort1on 

In general, the te-t consorts m ascrrtammg bV 
questlonmg the sub]& (1 Whether or uot the 
room appears m any way d Istarted 
the nature of the dIstortIon 

(2) If so, 
Often with oer- 

sons %lth marked anomalous spatial sense, both 
the nature and a rough &mate of the magnl- 
tude of the dmtortlon can be obtnmed But 
many other cases with IncongruIty of ocular 
nuages see httle or no dlstortlon because they 
have leaned to suppreza then- false binocular 
visual clues and rely on monocular -usual clues 
for their spatial orlentatlon To determine the 
bmocular spatlsl mterpretatlon of such persons, 
nrtlficml anomalous mncongnutles are mtro- 
duced by mans of va11o”s size lenses and the 
nature of the resultmg space dIstortIon 1s de- 
termlned by questlonmg If the response to 
the rarlous aze lenses 1s normal, It lndlcates 
that the s”bJect’s spatml sense 1s “ormal, If 
not, that it 1s defectlw 

It often happens that a sub]&, when first 
loolung mto the room, ~111 see It m Its correct 
form At the end of the test when he has been 
through the various tests with sme lenses, he 
~111 see It dlstorted The nature of the dls- 
torted form m which a sub@ may see the room 
varxzs with the nature of the anomalous ocular 
mcongrulty 

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

1 DSaence m sue m the horizontal mend- 
mn 

2 Difference 1” size m the rertlcal mer1dla.n 
3 Cycle lnc"ngr"ltles 

4 Differences m asymmetnc size 
5 Difference m sac over-all 
There may be comblnatlons of the above 
The d&ortlons of a rectangular room result- 

mg from each of the above anomalous mcon- 
grmt~es are dexrlbed m the followmg 

I Differences m 8128 m the homontal mendvm 

If the horuontal mendxn of the ocular nna 
E 

B 
of the right eye 1s larger than that of the le t, 
a rectllmear room appeals alth the followmg 
characterlstlc dlstoltlons 

1 The left-hand ~a11 appears nearer than 
It actually IS, the right--hand ~~11 farther 

2 The left-band wall appears smaller than 
it actunlly lb, the i-l&t wall larger 
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3 The leaves on the left-hand mall appear 
smaller than they actually are, those on 
the right,, huger 

4 The stereoscopic rehef of the leaves on the 
left-hand wnll appeu-s less than It actually 
IS, that on the right, greater 

5 The vertxal lmo at the corner where the 
left-hand and back walls ]om appeals 
shorter 

6 The back wall appears to recede to the 
right 

7 The floor appears to be mchned down to 
the right 

8 The cedmg appears to be mchned up to the 
right 

If the hormontal merldmn of the left eye IS 
larger than that of the right,, all these appear- 
ances are reversed right and left 

The magmtude of these dwtortlons mlthm 
louts Wales nith the amount of chffaence be- 
tween the horuontal maxhans of the tno ocular 
Images and the sue of the room In a room 
7’ x 7’ x 8’. the dxtortlon due to a &Terence of 
25 percent 1s usually perceptible 

The foregoing descrlptlon a phes when the 
room 1s looked at as a whole 2 hghtly d&lent 
mqxcss~ons may result If particular surfaces 
are observed to the exclusmn of the rest of the 
room 

The followmg questions, to be asked of the 
sub@, taken m order, hare proved helpful m 
obtammg as quckly as possible the desued m- 
formation regardmg hormontal Sme differences 

1 “Is tbe right vertxal hna at the corner 
where the back wall ~uxns the right side ~~11 
lol~ger or shorter than the correspondmg hne 
on the left and hov mucha’ 

Differences mill often be notlced Then no 
tlppmg of the back wall 1s apparent A reply 
that the right lme IS longer ~111 mdcate that 
the right ocular mmge 1s larger m the hon- 
zontal merxlmn 

2 “Is the floor perfectly horlzontnl (level) or 
does It tip, and If so, whxh nay and how much a” 

If he says down tc the right that obsorva- 
tlon mdl check ~lth his observation that the 
right vertical lme on the back mall 1s longer 
than the left The slant of the cedmg should 
then be checked with the question 

3 “Is the cedmg perfectly horuontal or does 
It hp, and If so, wluch may and horn much%” 

4 After havmg been acked 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 &stance as that on the left* If 

not, which one appeers nearer and wluch farther 
away and how mucha” 

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

“Do the leavzs on the side wall to the right 
appear to be the same sloe as those on the left a 
If not, wluch appear larger and ahxh smaller 
and horn much 1” 

Certain sublects hare chfficulty m formmg a 
Judgment m ansner to tlus and the previous 
questlon Them stereoscopic clues tell them one 
wall IS nearer and the other farther, but be- 
cause the leaves on the nearer wall appear 
smaller they may be Interpreted as bang 
farther away, and because those on the more dw 
tant wall appear larger they may be mter- 
preted as bang nearer These conihctmg clues 
may cause confusmn, especmlly to those sub]ects 
whose stereoscopic vwon 1s not good 

6 He should then be asked as to the relative 
sue 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 mze2 If not, w&h ap- 
pears larger and which smaller and horn much a ’ 

7 He should further be asked as to the posl- 
tlon of the back wall 

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

Mmy subJects ~11 fad to notice thu appear- 
ance 

Tvlth most subJects the answers gxw~ to these 
questions ml1 confirm one another When all 
the answers confirm each other It lea?-es no 
doubt as to the nature of the anomalous spatxxl 
sense Even If only trro or more of the an- 
swers confirm each other, there 1s evidence that 
his spatml sense IS not normal m tlus particular 
and that the sub@ not only has a partxular 
type of anomalous ocular mcongrmty that IS 
assocmted wth such appearances, but also that 
there are present other types of anomalous m- 
congrmtxs combmed ~lth It wlxch may mask 
or contrndlct the expected appearances, as ~111 
be described later 

The foregomg procedure wdl chsclose whether 
the snbJect sees the room as It 1s or chstorted 
In either case the next step 1s to check ins spatml 
response with a weak meridional swe lens xas 
90m, first before the right eye and then the left 
If he responds sens~twely, 1 e , If a 0 25 percent 
lens causes an evident dlytortlon and If the 
amount of the chstortlon 1s the same with the 
lens m one eye as m the other, It 1s wldent 
that lus space sense 1s normal m the honzontal 
merulmn If, however. weak lenses do not cause 
a chstortlon or if they produce a greater rhs- 
tortlon when placed before one eye than they 
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do when placed before the other, It is wldent 
that his space sense IS defectwe If, rrlth the lens 
before one eye, he stdl gets a dIstortion m the 
opposite dlrectlon the paver of thr lens should 
be mcreased, first, until the dl\torted appearance 
IS Just corrected, and second, untd au apparent 
dlstortlon 1s notlced m the dxectlon called for 

I by the 1~s The Power of these lenses ~11 mdl- 
cate the mrgmtude of his defect 

It IS also sdxxoble to check all sublects at the 
end of such an exammahon Rlth plan” louses 
m the frnmcs Often subjects nho see no dls- 
tortlon at the begmnmg of the exammatlon ~11 
notlce It at the end 

II D~fferenees u, Sme of the Vertxal Mendmn 

Differences in the relatme we of the ocular 
nnages m the vertical me~ld~ans produce the 
same types of dlstortlon of the room as result 
from differences in the horizontal merldlans 
but m the opposite chrectlon If, for mstance, 
the ocular usage from the right eye IS larger 
than that from the left m the vertical merldlan, 
the dxtortlons ~111 be the same 5s If the ocular 

I image from the left eye nere larger in the hon. 
zontal mendmn 

As a result, the dlstorted appearance of the 
room that a sublect may report n-lthout any SUB 
lenses before his eyes glres no mdlcatlon as to 
whether It 1s due to the fact that one eye IS 
larger m the hormontnl merldmn or that the 
other IS larger m the vertical mendIan 

This fact, however, can be determmed by the 
subject’s response to swe lenses Sensltlvlty to, 
and equal response to weakmerldlonal sme lenses 
that mcrense the ocular Images m the horlzontnl 
meridians, but not to those that mcrease the 
Images m the rertlcal mendlane, mdlcate that 

/ the apparent dlstortlons are due to d&rences m 
the ver tlcal merldmns and vice versa 

Cycle uKongrultles result from an an0ma10us 
cycle relatlonshlp of the two eyes or anomalous 
declmutlons of the reltlcal and hormontal me- 
rldlsnr: Them presence causes marked d&x- 
tlon of the leaf room If there exmts, for n- 
stance, a c~clo mcongrulty such as would be 
present If the eyes mere m an abnormal excyclo 
posltmn, a room would appear dIstorted as 
follows 

1 The cahng appears nearer that it actually 
IS, the floor farther amav 

2 The cedmg appears smaller that It actually 
IS, the floor larger 

3 The leaves on the ceihn 
than they actuully are, t T, 

appear smaller 
ose on the floor 

appear larger 

4 The stereoscopx rehef of the leaves on the 
ce11mg appears less than It actuillly 18, that 
on the floor greater 

5 The horizontal lme where the cellmg and 
back walls jam appears shorter than It ac- 
tually IS, the horizontal line where the back 
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wall and floor Mom appears longer 
The back ~111 appears to tip forward at the 
t”P 

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

8 The left mall appeam to slant to the right 
at the top 

The magnitude of these dlstortlons varres 
wnlth the amount of oyclo mcongrulty and the 
size of the room 

If the cqclo mcongrulty 1s m the drectlon 
opposite to that described above, the apparent 
dlstortlons of the room are reversed 

Whde the above descrlptlon apphes when the 
room IS looked at as a whole, shghtlg different 
mlpress1ons may result lf attention 1s gNen to 
par tlcular surfaces to the exclusion of the rest 
of the room 

Agam, b a saxes of questions the exammer 
can recognue the presence of cycle mcongru- 
ltles Suggestive questlons must be avolded 

When all the answers supplement each other, 
there IS no doubt as to the nature and cause of 
the anomalous spatlsl sense As stated above, 
even if only two or more of the answers supple- 
ment each other, this fact mdlcates that the 
sub@‘s spatml senw IS not normal m this par- 
tlcular and rrould strongly mdlcate that he IS 
subject not only to the type of anomalous ocular 
mcongrmty that 1s assocmted with such appear- 
ances, but also to other anomalous mcongrultles 
which mey amply combme to grve a total effect, 
or ahlch may mask or contradict the expected 
ap earances ELS ml11 be described later 

bh ether or not the subject sees the room dw 
torted, his spatial response m this partlculsr 
should be checked with we lenses that mtroduce 
art16c1al cycle lnc”ngrultles The lenses used 
are 3/a percent merldlonal sme lenses placed first 
at 45” R E and 135” L E (axes convergmg 
upward) and then 135’ R E and 45” L E 
(axes conoergmg downward) 

If these lenses distort the room equally 111 
“pposlte dlrectlons It 1~ evident that the eub- 
pet’s cycle mcongrultles are normal However, 
a greater dIstortIon m one case than m the other 
shows that the sub]ect’s cgclo mcongrultles are 
abnormal If, with the above lenses in &her 
eye, the dlstortlon of the room does not reverse, 
the magmficatlon of the size lenses would be 
mcreased The strength of the lenses necesswy 
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to produce this reversal lndlcates the magrntude 
of the subject’s abnormal uicongrulty 

IV Asymmetnc Incongruity 
This term 1s used to descnbe the mcongnuty 

benveen the two ocular Images (a) Whexe both 
mages are progresswely larger on the temporal 
sides and pmgresswely smaller on the nasal 
sides, and (b) where both Images are propres- 
slvely smaller on the temporal sides and pro- 
gresslrely larger on the nasal sides 

Asymmetry of this bnd can be artfimally 
nltroduced by placing flat prisms base-out and 
base-m before the two eyes, the base-In prisms 
lntroduang so-called posltlve asymmetq, bnse- 
out prisms lntroduclng so-called negatwe asym- 
metry The presence of negatne asymmetnc 
lncongnnty causes a room to appear dIstorted 

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 mde walls and floor and celhng slant 
III toward the subject, the floor near the 
sublect slanting up, the cahng near the 
sub@ sloping down, and both side walls 
near the sublect sloping 111 

Posltlve asymmet1gcausestl1e room to appear 
dutorted 

1 The back wall appears nearer 
2 The back aall as B whole appears smaller 

than the open side 
3 The leaves on the back mall appear smaller 

and pressed agamst the wall 
4 The side malls and floor and celhng slant 

out, tovard the sub& the floor near the 
sub@ sloping down, the celhng near the 
sublect sloping up and both side malls near 
the subject slantmg out 

After the sub@‘s responws have been deter- 
mmed, nlthout size lenses through a cenes of 
questions his reactmns should be obtalned nlth 
plus and nunus arymmetry lenses of weak power 
One degree prisms base-m and base-out, whose 
pnsm power has been neutrahzed by 1 degree 
prmns on 9 base, can be used These should 
be put on first with the base of the flat prwns 
base-out and then base-m 

If the sublect sees the room equally distorted 
11, opposite dn-ectlons, It lndlcates his asqm- 
metrical ncongnnty 1s normal, If not, that the 
uxongrulty 1s abnormal 

V D,Eercnee m Over-all S,ze 

The ocular Incongnutles that result vhen the 
ocular unage from one eye IS larger than that 

from the other, ow-all, have only a shght effect 
01, the locahzatlon of the leaf room In general 
the Induced effect from the difference in sne m 
the wrtlcal mendlan counteracts the dwect effect 
m the honzontal mendlan or vie versa The 
1 atlo of the two effects depends on the amount 
of detal m the field of VICW In the leaf room 
where much d&ad 1s present, the effects axe 
mrly equal, but there ma be certaln residual 
effects nhlch may be descn 73 ed as follons 

The right mall appears farther away and the 
leaves on It larger and m more rehef-the left 
wall nearer and Its leaves smaller and flatter 
on the wall Otherwse the room tends to ap- 
pear rectlhnenr although there may be a tend- 
ency townd the dl&ortlon that rwults from an 
increase m the. R E 111 the honzontal mendnn 
There 1s a sense that ather the room has been 
shlfted laterally to the right or the sub@ to 
the left If the ocular Image of the left eye 
1s larger over-all, the effect 1s reversed 

As u1 the case of the other types of ocular 
nrangrmtles, the effect of wak over-all lenses 
0 50 percent on first one eye and then the other 
should be tried 

VI Chmbmed Effects 

Each of the types of d&ortlons of the leaf 
room above described results from an anomalous 
lncollgrulty of a particular type Some sub- 
J&S may have only one type of mcongrutj 
In this case thar dlsgnosls 1s relatwely sun le 
and the metbod of recognnlng It 1s covered % 
one of the above descnptlons 

y 
But more often 

the subject ~111 have two or more types of ocular 
rxongnuty In such cases the dlstortlons of 
the leaf room ~1~~1~ he ~11 see nlll be a com- 
blnntlon of the types described m the foregoing 

The dIstortIon effects are usually nddltwe m 
character 

In the determlnatlon of space sense anomabes 
m the leaf room, the followvmg procedure should 
be follomd 

1 Determux by questlomng just how the 
roan, appears to the subject wlthout glasses, or 
with his refractwe correction If he wears one 
These appearances should be marked on the 
‘ Leaf Room Data Sheet ” 

2 The vanc~us ax lensec: +ould be used as 
described,, the resultlug appearances also bang 
recorded on the data sheet 

3 From the lndlcatlons as to the nature and 
amount of tho subject’s uxongrultles one or 
more lenses m comblnatlons that vould correct 
them should be placed before the subject’s eyes 
and altered until, If possible, he 1s made to see 
the rooln undistorted 

where savmg of tnne 1s Important, as 111 il 
screenmg test for avxttors There the purpose 1s 
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not to prorlde a corlectlon but to determmo the 
normnhty of the spxce sense, the followmg pro- 
cedure should be followed 

In an anteroom, or where the snb]ect cannot 
see the leafroom, a trial frame ihould be quickly 
fitted to his fare with the lens rmgs as close to 
111s eyes as possible to give huu the largest posw 
ble field of rlem A $LL perwnt merldlonal size 
lens ax,s 90” should be placed m the frame before 
the right eye The subject should then be taken 
to the leaf room and so seated .Lnd posltloned 
that his head IS at the mlddle of the “pen side 

The nature of the dlstortmn, If any, produced 
by the lens 1/4 percent axe 90° R E should be 
ascertamed and recorded on the I.eilf Room Data 
Sheet-“Screenmg Test” by a check (v’) under 
the hesdmgs proslded 

If, wth the lens, ho sees the room dIstorted 
m the wrong dwectlon- the paver of the lens 
should be mcreased , first, untd the room appars: 
n”,mnl for that particular type of dxtortlon 
and the power of the lens recorded ln the colnmn 
pi-ovlded, second It should be still further m- 
creased untd the dlstortmn IS ovacorrected and 
that powr recorded m the column provided 

A suu,lnr procedure should be followd nlth 
the other sme lenses 

The last step 1n the exammntlon 1s to put 
plan” lenw m the frames and determIne the 
nature of the sub&s space sense, recordmg It 
with one or more checks (\/) ,n the columrrs 
provided 

This detenmnatlon 1s made last because It 
has been found that often If the room has been 
dlstorted m vai-lous ways by the sme lenses, the 
sub]& (If he has anomalous space sense) 1s 
much less hkely to compensate for It by sup- 
pressmg his bmocular responses 

THEFRONTALPLANEAPPARATUS 

The third test xwolres the determmatlon of 
the sublect s spatial les 
the pomtlon m which R 

“nse as mdlcated by 
e locahzes an oblect 

plane normal to his lme of sight The quantl- 
tatlre detelmmatlon of where he locahzes the 
oblect plane 13 gwen by the amount he must 
tip It to canse It to appear m his frontal plane 

The Frontal Plane Apparatus was designed 
to give data from ahlch mdlcatlons of the pies- 
ence of each of the five types of anomalous m- 
congrwtles mentmned above, could be found. 

The apparatus COIN& of four wooden tracks 
(designated as lanes) which converge to the 
mid-pomt of the mterpuplllary base lme of the 
observer at a distance of three meters from 
the obrerwr, a centlal rod (l&,nch duxnete,) 
1s mounted m a vertical posltlou This servea 

as the centrnl fisntlon rod m the medmn plane 
of the observer On p,~ch of the tracks, there 
are nders free to &de along the tracks and con- 
trolled by the observer by means of cords On 
each rider a vertical rod IS mounted A rertlcal 
screen with redangular “pemng restrxts the 
visual field to the rods, and pIevents both the 
tops of the rods and the riders from bang seen 
Behmd the rods a sultable background 1s pro- 
vlded Both screen and background axe pamted 
white and are umformly lllnmmnted to the same 
brightness (20 apparent foot-candles) All 
rods are pamted black 

On each of the rods three black spherical 
spools are attached, whxh ale irregularly spaced 
on the fiw rods The addltlon of these spools 
theoretically mtroduces emplncal factors and 
may prwent one from “btammg a true long- 
tudmal apparent front”-pa,sllel plane The 
spools are added, howver, to provide vert~ul 
contours so that the Induced effect can take 
plELCt2 This effect probably 1s alded also by the 
contour of the “pemng u, the screen and “the1 
d&ads on this particular apparatus 

The posltlons of the rods on the tracks are 
mdlcated upon smtable scales The umts on 
these mdlcate the percentage of difference m 
the sizes of the angles (~pec&ally the tangentc: 
of the angles) subtended at the tno eyes by the 
central rod and any other rod m R given pow 
tmn Th e particular scales on this ap 
were calculated for an mterpuplllary 1 

aratus 
lstance 

of 64 m1111meters 
This method for recordmg the posltlons of 

the rods m thar respectlre lanes ,$ most useful 
and productive When the angles to the two 
eyes subtended by a g~ren rod are equal, the 
rod lies on the so-called Vleth-Muller cm& (a 
circle passmg through the centlal rod and the 
entrance pupds of the two eyes) The percent 
value for these posalons on all the scales IS 
%ero ” Th e percent values are powtwe or neg. 
atme dependmg upon vhether the angles su6. 
tended by the right eye are greater than those 
subtendpd bv the left eye PosItwe ralues n- 
dxate that the angles are larger m the right eve 
If the a\-wage of the values for all the rods w&n 
adjusted for a g”en c&zmon 1s posltlve, the 
average of the angles subtended by the right 
eye 1s larger than that of the left, but the ocular 
nnage of the left ewe IS effectwely Zaw~er thau 
that of the right eye m the horwontal merldlan 
When the rods have been adjusted for an rip- 
parent front”-parallel plane and the posltlons 
of the rods recorded, the data should be plotted 
I,, tho same manner as heropter data The ab- 
SCISSE, represent the lane angle and the ordmate 
the scale readmg Under farorable condltmns 
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these points should he on a straight hne The 
intercept of this lme on the ordmate BX,S gl\es 
the average effectwe percentage d8erence m 
sue of the ocular nnages m the horizontal me- 
rldlan for the front”.parallel plane cnterlon 
If the mtercept 1s above the ongm, the left eqe 
mage 1s effect&y larger than the xnage of 
the right eje , If below, vxe versa If the rods 
are set m a rotated posltlon such that the left 
rods are nearer the observer, the right farther 
from the observer, the Intercept of the lme ml1 
be posltlve, that IS, above the orlgm 

The slope of the lme which best describes the 
pomts representmg the data on the graph IS n 
measure of the departure of the apparent frontal 
plane from the so-called Vletl-Muller circle or 
equvalent m the case that the apparent frontal 
plane 1s skew The departure from the V-M 
condltlon has been designated as the Hermg- 
Hlllebrsrld devlatlon The slope of the hne on 
the graph, then, 1s a measure of the Hermg- 
Hlllebrand derlstmn and 1s designated by H 
If the slope 1s zao the curvature of the apparent 
fronto-parallel plane as deterrmned by the set- 
tmgs &l&es the V-M condltmn 

When H= 0 data he on Vleth-Muller cvxle 
H=l data he on front”-parallel 

plane 
H>l data he behmd front”-puxallel 

plane 
H<l data he msldo fronto-parallel 

plane 
H<O data he made Vloth-Muller 

cncle 

The method for determmmg the slope (thero- 
fore H) of lme on glaph ahlch best fits the data 
IS that of least squares 

A phorometer head and adjustable chm cup 1s 
mounted on the table to support the head of 
the observer On the pliorometer head there 
are two pams of rmgs mhlch can be swung Into 
place before the right or left eye of the observer 
There 1s one pax of fixed rmgs ahlch supports 
apertules beyond the two lust mentioned 
These apertures restrict the .~sual field approx- 
nnately to the openmg III the screen of the ap- 
paratus Beyond these rings,, m a Steven’s 
front, are special srze lenses the use of mhlch 
will be described below In the pax of rmgs 
nearest the eyes are 1 percent merldmnal sue 
lenses mounted at axis 90” When one of these 
1s mtaposed before one eye, the rods should 
appear displaced m accordance mlth the geo- 
metrical effect In the second par of rmgs 2 
percent merldlonal sze lenses are mounted at 
BHlS 180° When one of these 1s Intelposed be- 
fore one eye, the rods should appear displaced 
m accordance with the Induced sze effect 

Cycle-Declmat,on Test 
In front of the scroon of the apparatus, a spe- 

cm1 umt for testmg the cycle dechnatmns of 
the eyes IS mounted This umt conslsts of two 
separated horizontal slats of wood with axis 
m the median plane of the observer The upper 
slat 1s suspended from above m a fixed posltlon 
The lower slat 1s supported on a rider which 
shdes along a wooden track also m the median 
plane The rider can be controlled by the ob- 
server by means of a cord A long lemovable 
rod 1s suspended m holes at the front ends of 
the two slats. bang free to snmg on an axis 
m the upper slat The slats and rod are punted 
black, the supports whlte When the rider IS 
moved along the track, the lowar slat moves 
nearer or farther than the pa&Ion of the upper 
slat, carrying the rod along nth It The m- 
chnatlon of the rod III the median plane IS thw 
changed with the morement of the rider A 
scale on the track mdxates the angular (de- 
grees) mclmatmn of the rod from the rertlcal 
posItIon, the angle bang posltlve rrhen the top 
of the rod IS away from the observer The sub- 
Ject 1s asked to set the rod until It appears 
vertd, and the ends of the slats are the sane 
distance. A shutter on the back of the screen 
1s lowered to carer the rods of the horopter 
apparatus durmg this test 

The umt m front of the phorometer head, i, 
“Ste?en’s front,” has two mcrldlonal sze lenses 

(% pement, 
When the handle IS turned, the 

two enses turn about their optxal axes m oppo- 
she dlrectlons Stops on these mdxate when the 
axes are III powtlon (1) R E xas 45”, L E 
nxls 135” ares convergmgupward) or (2) R E 
&XlS 1350, I, 
ward) 

E axis 45” (axes convergmg down- 
These merldlonal size lenses, when at 

obhque axes, Introduce a rotation of the unage 
of vertical objects about the optlcal axis of about 
0 2O, thus altermg the apparent de&nations of 
the e3es 

The test procedure IS as follows Fmst the 
sublect 1s mstiucted to adjust the four movable 
vertical rods so that they all appear at the same 
distance as the fixed vert~csl rod It 1s behewd 
that m general one settmg g1w.s su5clently ac- 
curate results The subject may set the rods a - 
proxnnately normal to his medmn plane, or K e 
may set them at an mclmatlon to his medmn 
plane and m a convex or concave curve 

The first type of eettmg mdlcates that the sub- 
Ject sees his frontal plane orlented There It ac- 
tually 1s In the second case he does not If 
the rods, after sethng, are m a tipped curve. or 
the curve 1s too con~wx or too concave, the sub- 
ject does not see his frontal plane orlented where 
1t actually 1s 
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The false spatlsl locahzat~on mdlcated by a 
tlppcd settmg may be due to snomalous ocular 
lucongrultles of three types 

1 Difference 11, s,ze of the oculsl nnages m 
the horlzoutal melldlnn 

2 Difference m SM of the ocular nuages m 
the xertlcal maldlan 

3 Difference m size of the o~ulai images 
“Ye1 -‘Ill 

The false spatial locahzntlon mdlcated by h 
scttmg m which the rods are m a curre to” 
convex or coucavc, IS due to anomalous asym- 
metric ocular lncongrultles m the horizontal 
mer,d,au 

But even though the subject sets the rodi: up- 
pi-ox,m.itely norm.~l to the medum plane, this 
fact IS uot conclusive wldence that his spatlsl 
response 1s normal Such an apparent normal 
settmg may be due to particular combmatlons 
of honzontxl, uertlcal, or over-all differences m 
the ocular nnagees or to condltloned ~ompeusa- 
tlons to such differences 

To dotcrmme whether or not this 1s the case, 
a further procedure IS necrssdrr This cons&s 
m placmg before the sublect’s eyes certam size 
lenses that arhficxally introduce the chalzter- 
,st,c dlffrrences m the “culnr uuages The 
lenses consldered sultable for this apparatus are 
thox vhlch mtroduce (1) n 1 percent difference 
,n the horizontal mrrldlans, (2) a 2 percent 
d,fference 11, the vert~al merldlau only, (3) a 
2 percent difference over-all, and (4) a posltlre 
and negative amouut of a~ymmetrlcal mcon- 
grulty m the horizontal merldlan 

W,th a. sub]& haag normal spatial locah- 
zatlon these lenses ~111 cause the apparent 
frontal plane as lndxated by the posltlons of 
the rods to appear hpped or curved m definite 
posItIons If, however, the subject has anoma- 
lous ocular mconglulhes ho ~111 not respond 
sgmmetr~cally or quant,tatlvely to the differ- 
aces mtroduced by these callous lenses and the 
pa&ion of the rods for 111s apparent frontal 
plane ~111 not change as It should The uature 
of the response mdlcdtes the ndtule of the anom- 
alous oculni incongrmty When size lenses that 
mcrease the horizontal melldlan of the ocular 

,mages are plawl before first one eye and then 
the other and the expected magmtude of tlppmg 
does not take place or If the response differs, 
dependmg upou whether the lens 1s before the 
right or left eqe, one has wldence that corre- 
spondence m the horizontal merldlans of the 
ocular mages may be abuormal If the ex- 
pectpd tlplnng does not take place when the 
horizontal merldlan 1s increased m one eye, It 
1s evident that the ocular unage of that eye 1s 
too large m that mendlsn Sunllai concluslon~ 
cm be draan from lack of respon% m the posl- 
tlonmg of the rods when the size lenses that 
mtroduce the “the, types of mwngrultles above 
mentioned are used 

A snmlar procedure 1s followed ln determn- 
mg the sub&s spatial locahzatlon of the a 
parent vxtlcal m a snglttal sense Such wou d P 
be related to his cycle nuage mconFu’ty or the 
dcclmatlons of the two eyes In flout of the 
apparent frontal plane rods 1s a long vertical 
rod than can be tipped about a horizontal &XIS 
perpendicular to the median plaue The sub- 
ject 1s asked to set it apparent13 rertlcal A 
substantially vertxal setting vould mdlcate 
that h,s sense of the vertical aud the cjclo rota- 
tlon mcougrulty of the ocular images was nor- 
mal, ,f the rod 1s set mclmed, they were nb- 
normal To obtam confi,matory data, the sub- 
ject 1s asked to set the rod apparently vertlcul 
whrn lenses that mtroduce about one-half degree 
of ex~yclo and mcyclo change m the declmatlons 
between the tvo ocular Images are put before 
the sublect’s eyea The lack of response or un- 
balanced response mdlcates the mature and 
degee of the anomaly 

From this procedure a table of data ml11 be 
obtamed 01, each sub]& These data are plot- 
ted on the form attached Any rarmtlon of 
the curves 111 these graphs from the normal ~11 
mdlcxte defects m visual locahzation 

The nature and magnitude of defects which a 
person might show mhen tested and stall be 
acceptable for trammg as an aviator can be 
determined only after such data have been ob- 
tamed au a large number of flying cadets, to 
determme the mannurn of the defects shown 
by those who later become good p’lots 

APPENDIX III 

Dlstrlbutlon of So-Called “Size Amphtudes” ln the Elkonometer Measurements for the 
Kansas City and Pensacola Subwts 

As pomted out m Appendix I, the procedure the magmficatlon of the nnage of one eye until 

I m measurmg smselkoma m any mandmn must he know from the subject’s reports that he sees 
employ “the method of hunts”, as sumlarly re- the Image m that eye larger The magmfica- 
qulred m the measurement of other psycho- tlon 1s then decreased until the sublect see8 the 
physical quantltles The exammer ma-eases Image m that eye smaller The process 1s re- 
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peated for the other eye, If necessary, to define 
the lumts lhe mterv al or- range of the al tlfi- 

Only the dlstnbutmns of the “sme amplv 

aal unage s,ze d~fferenes mtloduced, wtliin 
tudes” for the Kansas City and Pensacola sub- 

which the subject reports equahty of the mmges, 
]ects ~111 be given here Suffice It to state that 

1s des+w&d at present as a “SIZE amphtude ” m the chmcal dn-mmn of the Dartmouth Eye 

One-half the “size amphtude” 1s cons&red a Institute, these amphtudes are seldom under 

mecsure of the sensltnT@ of the subject to re- % percent and average about 3/4 percent to 1 
spend to alt&ml sme d&xences percent 

APPENDIX IV 

Dlstnbutmn of Ages and the Opthalmologlcal Data on the Au Garner Pllots and the Navy 
SubJects 

The Elkonometer data obtamed from the an- 
ators measured showed that consldersbly less 
amselkomn exists m the Kiavy sub@s (280) 
than m the an carrer p&t sublects (36 
an attempt to determme what factors, o 2 

In 
those 

measured, might account for the d&rence, ns- 
ud compar~uns can be made between the dls- 
trlbutmns of the followmg for which tables and 
graphs hare been prepared 

1 ACES -There IS, of course, a strlkmg dlf- 
ference m the nge ranges of the two groups 1 he 
Kansas City an-lme grou >anes m age from 
24 to 45 years with a mo ii e of about 33 years 
The Pensacola Navy gi-ou 

% 
vanes from 20 to 

28 years alth a mode of a out 23 years It 1s 
difficult to account for the difference m amsel- 
koma amply on difference of age range alone, 
unless there 1s some concomitant factor betwwn 
age and madence of smselkoma (See fig 7 ) 

2 VISUAL Aann-It 1s b&wed that both 
groups have essentully the same visual acuty 
It must be kept m mmd that the scale for d&r- 
entlatmg between degrees of nsual acmty when 
that acuity IS high 1s qmte maccurate That IS, 
the sIgmficnnce of the difference betneen 
20/15+20,'20- 1s not pi-ease If the acuity rat- 
mgs are brought to the nearest whole chmcal 
umt, that 1s 20,‘20, 20/15,20/10, ctc , nll d&x- 
ences between the Kansas City and Pensaula 

% 
roups disappear If the data are assumed to 
e mhd, however, the Pensacola group as a 

whole has sbghtly better acuity because none of 
this gloup had visual acuity less than 20/20 
(Seefig 8) 

3 R~m\cnw ERRORS -The refractwe error 
dM,nbutmns of both groups, when regarded 
wIthout conslderatmn of the sign of the error, 
ark apparently allke When the sxgn of the error 
1s regarded It ~111 be notwed that m the Kansas 
City group there 1s an approxmmtely equal dw 
tnbutmn of myopm and hypermetropm, and 
that m the Pensacola group very httle myopia 
1s found This difference may be due to the 

method of exammatmn smce the refractwa con- 
dltmns of the Pensacola group were determmcd 
under a cyclopleg~c by rotmoscoplc methods 
usmg plus spheres only, whereas the Kansas I 
City group was exammed without cyclopleglcs 
and with plus and mums spheres and mmw cyl- 
mders It vould not seem that the differences m 
this refractmn between the two groups could 
account fol the amselkomc d&zrences 
fisj y&l” 

(See 

iI TE~O~~PIO SENSI~V~TY -(How- 
ald-Dolman test ) The dlstnbutums for the 
anal stei-eoscoplc depth pelceptmn sensltwlty 
mdlcate that the Pe~~cola group nas less sexa- 
tlve than the Kansas City group It 1s questmn- 
able, however, whether this difference IS slgmfi- 
cant because It appears that the techmque of 
exammat~on used on the two groups was not 
precisely the same (See fig 11) 

5 PHORU-The dlstnbutmn curves for the 
honzontal (fig 12) andvertlcel (fig 13) phonas 
for the two groups are not greatly d&rent 
thou& there 1s a suggestmn that the Kansas 
City group showed shghtly smaller phonas 
It 1s b&wed this could not explam the d&r- 
ence m the amselkomc measurements 

It would appear that none of the ophthalmo- 
loglcal factors could explam the dlffelence m 
the mcldence of amselkonla found m the two 
groups The age differences cannot be easily 
gnen as an explanatmn It has been suggested 
that preclemn of the Elkammeter measure- 
ments was mcreased between the Kansas Chty 
and the Pensacola tests This would be borne 
out by the smaller, so-called “size amphtudes” 
found m the Pensacola Elkonometer tests (Ap- 
pendlx III) However, this alone could not 
entwely explam the amsakomc differences 
found, smce the centers of the amphtudes 
(whuzh define the amselkoma present) would 
not be displaced appreciably when the amph- 
tudes were mm-eased m vndth i 



Figure ‘i-D,str,bot,on of ages o,, the Pensawla and 
Kansas City subjects 



figure 10 -D,stnbut,ons of max,mum refractwe error 
mthout regard to s,gn 



F,gure 13 -Dmtnbutmn of vertxal phorm 

APPENDIX V 

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

Leaf Room 

Because of the sub&m nature of the Leaf 
Room test, the only approach to a stat&rcal 
analysm 1s by use of an ordmal scormg method 
There are three parts to tlus test, and each part 
must have a. d&rent scormg method The 
methods were agreed upon and are probably 
satlrfactory and descrlptwe, but obvloosly are 
not the only ones that might be devised 

Methods “f scormg the three parts of the 
Leaf Room Test 

1 The apparent Chstortlon of room v&h “plan”” 
l!SWS 

&-no chstortmn 
l-some dMortl”n 

65/s percent to a/4 percent 
3-74 percent to 1 percent 
Clearly these scores ale not ad&we and each 

part of the test nlust be considered separately 
Figure 3 (A 

2 
of the report IS a histogram ~llus- 

tratmg the requency of the four scores for the 
Pensacola sublects, for the apparent chstortlon 
of r”“m when “piano” lenses were used, that 
1s nhen the eqes were used normally Figure 
3 (B) illustrates the frequency and cumulative 
frequency curves for the sensawty of response 
of the Pensacola wb@s to ~ze lenses of small 
magmficahon, nhen placed before one eye and 
then the other 

Frontal Plane Apparatus 

2--large chstortlon 

I%?&1 dlstortlon 

3-more than one type of chstorllon 
2 Response to wze lenses, before one or the other 

l-unequal &stoItlon 
2-no chstortlon m one eye 
3-reverse chstortmn 
4--no dlstortlon m ather eye 

3 Size correctloll nacessary to remore apparent 
chetort~on 

2-l/, percent to y4 percent to correct dlstor- 
t1on 

4-q& percent to yz pe’cent 

1 

The bases fol sscertammg the presence of 

The nntml error m the settmg of the four 

ocular mcongrmtles on the Frontal Plane Ap- 

rods, or of the ‘(cycle” rod 

“aratus test are 

2 Tha unequal response or the fadure to re- 
spend on the part of the sub@ m settmg 
the rods so as to appear ‘frontal” “P all 
at the same &stance, when a specSed aze 
lws placed before one eye and then the 

3 The mregulantles and lack of repeatablhty 
m the settmg of the rods 
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The II raw scores obtamed from the data 
froln the Frontal Plane Apparatus for each sub- 
ject Rlx as follows 

1 
2 

3 

4 

5 

1: 
11 

12 

Awage of the two normal mtercepts 
The a>erage slopes of all lmes, excludmg 
the data obtamed mlth the asymmetly 
1WEES 
The average scatter of the data pomts 
from the best fittme lmes 
The change m the ;l”prs of the two lmes 
representmg the data obtmned nth the 
asymmetrg~ lenses, fl”rn plus asymmetry 
to mmus asymmetry 
The mem mtercept of the two lmes repw 
sentnw the data obtnmcd altb s,ze lenses 
R E ;9O’andL E x90’ 
Same for lenses R E x 180” and L E x 
180’ 
Same fol lenses R E Or wall and L E 
Over-Cdl 
The separation betmen the two lmes rep- 
resentmg the data obtamed mth size 
lenses R E x 90” and L E x 90” This 
value 1s proportIona to the response to 
x 90” sme lenses 
Same lenses x 180” R E and L E 
Same for lenses Over-all R E and L E 
The “normal” dewatmn of the “cycl”” 
settmg from the truly rertxal 
The sum of the response to cycle lenses 
convergmg upward and to cyc10 lenses 
convergmg downa ord 

From the cumu1at1ve frequency culTes for 
each of the parts of the test, three caldmal 
scores, 1, 2, and 3 were derwed to descnbe the 
vai-IOUS parts of a yren test The hmts of the 
vannble mthm which 8. gwen score was 
assugned, were determmed as follows If the 
cumulatwe frequency c,mve approached a nor- 
mal one It was dnlded mto three pats as 
f”llolvs 

1 group 11m1ts=0 percent-15 percent of the 

sublects 

2 group hmts=15 percent-85 percent of the 
subjects 

3 group lmuts=85 percent-100 percent of 
the subjects 

Dependmg upon which dmctlon of X the m- 
creased proficmcy ,ras mdmted, the scores 1, 
2 and 3, m sequence, and 3 mdxate less profi- 
cmq khnetmes the hnntc: were shghtly 
changed so that m”re newly equal lmnts of the 
vnrmble vere obtamed These lnmts nre 
rougblq E from the mean value 

If the cumulative freqwncy CUlW mas of 
the %IP”~” type n hen the sign of the enot was 
Ignored (stdl approachmg L‘normal”), the cur>-e 
was dmded Into parts as follow 

l-group 11m1ts=0 pemn&y,, y, 1s usually 
detemnned by the average semtmty of 
the test 

2-group lmts=y, percent to ?/. percent 
3-group lmts=y, percent to 100 percent 

yz 1s usnnlly selected so that the hmts of the 
rnnnble m the A and B groups are nearly equal 
yz averages about 85 percent agam 

Each part of the Frontal Plane Apparatus 
n as thus scored m terms of these cardmal nun- 
hers They conld therefore be used for gross 
correlations, smgly or In comblnatl”n for test- 
mg assocmtlons It does not seem mortlmhlle 
m this report to go mto further detal on the 
descnptm of handlmg the data on the YSUIOUS 
parts of the test 

Figure 4 of the report was drawn from the 
dmtnbutlon of a combmed stole for all the 
parts of the test A large total score then mdl- 
c.~tes generally poor behnmor m many parts of 
the test It 1s bellered, however. that this total 
score tends to mask cmtam dn%mms which 
mght be sought, and can be used only for plac- 
mg a gmen subject mto one of three groups that 
describes roughly the quahty of his bmocular 
space perceptloll 

APPENDIX VI 

Relatmnshlp Between Amselkonm As Measured on the Elkonometer and Available 
Opthalmologwal Data 

The nature of the data m certam parts of the 
ophthalmologml data makes It unpractml to 
make hnear correlations on the materlal It 
1s best under these cucumstances to see nhether 
a r”u h 

8 
correlation em&s before attemptmg 

to ren er the data capable of lmear correlation 
A prelmmary studv ran be made by dmdmg 
the dlstrlbutmn of the vm~ous measures made 

Into 5 parts and thus makrng It possible to set 
up a contmgency table of 25 sqnales 

Accordmgly, the data were dmded Into 5 
parts mth npproxmately 20 percent of the cases 
m each part No attempt was made to separate 
Into finer groups those cases which are border- 
hne, but these were dlstnbuted evenly about the 
dmdmg lmes of the TWI”US groups 
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The groups for the v~n”us ophthalmological 
data were as follows 

1 V1sual acmty 
Group I------ 20/15 + and below 
Group IL-_--e- eo/15 
Group III---------- 20/15- 
Group IV __________ 20:20+ 
Group Tr--------w- 20/20 

2 hiaxmum Iirfractlse Error 111 Either Eye 
Groups I and II---- OOOD 
Group III----------w- 0 25 D 
Group IV _______ --- ____ 0 50 D 
Group V--------------- 0 75 D and over 

3 Anal Staeoscoplc Smsltmty 
Group I-_-------- o- 6 ~1dlmeters 
Group II-m.__---- 7-10 Mdlmeters 
Group III---m---- 11-13 Mdhmeters 
Group I17---m---- M-15 Mdhmeters 
GroupV-~~~~~--m 16 and above M~llmeters 

(4-a) Homontal Phorm 
Group I--m--- Oa 
Group II----- x and l/zA 
Group III---- 1 and ll/,A 
Group IV--e 2~\ 
Group V----e Over 2A 

(4-b) Vertml Phona 
Groups I II, III----- 08 
Group IV --_-------- %A 
Group V ______ -_--__ Over 1/4K 

The Elkonometer data, winch for this study 
were chosen as the maxmmm maga swe error‘s 
found m any one mendlm for each subject, 
were dmded as follows 

0 E Data (Pensacola Only) 
Group I----------- 0 percent 
Groups II and III-- 1/8 percent 

Group IV-----e---- % percent 
Group V-----. 3/ percent and over 

Vi’hen an effort was made to set up the tables 
for this contmgency, It was apparent that It 
would be mposslble to determme the Index of 
contmgency m this case because the necessardy 
ragged dlstnbutlon could not be dmded esenly 
111to five parts In c&am ca9es. as for example 
the dmtnbutlon of the maxmmm Elkonometer 
data the 2040 and 4040 percent groups must 
be brought together m one group For the 
purpose of anal3-sls, therefole, this gloup has 
been dmded bl two ~1 each “me Further m- 
spectlon of the tables suggested that the essen- 
tml part of the malys” CBU be obtamed by add- 
mg the four dlstnbutlons ~1 each of the four 
corners of the table and settmg up a fourfold 
table The degree of assocmtlon of these dls- 
tnbutlons can then be studled bv X2. “chl- 

” , 

sq11ai-e," t1eatment 
In the followme the values of Xz and the 

probablhty tlmt ti;e partmlar dlstrlbutlon 1s 
due to chsnce are gwen for the awocmtlon be- 
tn een the maxnnum mmlkoma and the va,“us 
ophthalmolog,csl data 

1 Visual ~4culty~~~-~- x2=0 1 P=O75 
2 lZefla&re Error-w- X*=0 5 P=O5 
3 Anal Stereoscope 

Sensltmlty------m X2=5 8 P-0 014 
4 Phorms 

a Honzontal---_--- X2=04 P=O5 
b Vatmd-----. X9=00 P=i 0 

It 1s clear tllat there 1s a slgnliicant &SS"Cl&- 

t1on only 111 t11e case of the &ml Stero0sc0p1c 
Semtmty This IS a posltwe assoclatlon In 
the other cases, namel>- Refractme En or, Vm- 
ml Acuity, Homontal and V&ml Phorms, 
there are no significant associations 

APPENDIX VII 

Comparison of Tests on the ‘Washout”, and Instructor-Pilot Groups In An Attempt to 
Fmd Indlcatlons for Differences Between Anlseikonia, Faulty Bmocular Space Per- 
ceptlon, and Flymg Performance 

As panted out in the report, whether or not 
the degree of snm~kon~.r and fault3- space locrtll- 
zntlon found in man.j of the cadets IS mportant 
to thorn success m flymg can be determned only 
by a careful study of the errors and the flymg 
performme of the mdmdual pllots A truly 
satmfactmy study of the correlation of the re- 
sults of thm m\ estlgatlon nlth flight perform- 
ance of the sub@s measured would be quite 
valuable From such correlatmns a ratmg for 
prognosm of failure, difficulty m learnmg and 
for specmlmtlon could be estabhshed ,&a 
this cannot be done, there remams only the 

crude separation of the data of the mstructor- 
p’lot (37) and the true “mshout” (33) gloups 
The unselected cadets could be used as a control 
group It wdl not be necessary to present all 
the d&ads of this separation for all the various 
tests on the three I~lstruments It 1s mportant 
to keep m mmd m evaluatmg the results that 
both groups are very small, and exe must be 
made mnrrmngat finalconclus,o~~s 

E,konometer 

The data of the akonometer falled to show 
any difference between the two groups The 



fourfold tables for the vertxal and horizontal 
merldmns are 

Leaf Roam 

The leaf room data cons&s of three parts 
(1) The determmatlon of the appearu~e of the 
room when “plan”” lenses are befme the eges 
of the sub]& (2) the determmat~on of whether 
the appearance of the room changes m response 
to certam “size lenses” before the eyes and (3) 
If an equal response 1s not found ~lth a lens 
before one eye and then before the other, that 
lens 1s determmed ahlch, before the lower re- 
sponse, Induces an equal response For tlus 
study only the first and second need be consid- 
ered 

The “Plano Lens” test-The data from this 
test were scored akh ordmal numbers as 
f”ll”~S 

&no dlstortlon of the room 
1-slight dlstortlon of the room 
Z-large dlstortlon of the room 
&more than one type of chstortlon of room 

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

These ale ~llustrsted 111 figure 14 An mspec- 
tlon of the table and lnstogram mdlcstes that 
as a group the mstructol-pdots show less faulty 
space pereeptlon than do the “washouts ” How 
slgruficant this Ukrence 1s wdl depend on tests 
on more subjects 

The ~espmsa ta see kmes-The data from 
tkus part of the Leaf Room test mere scored 
dccorchng to the lens necessdry to correct dls- 
tort1on, as follon~s 

%l/ percent to I$ percent 
4--3/s percent to I/ percent 
6--5/s percent to s/4 percent 
a-7/s percent to 1 percent 

The tnbnlated approxlmatepercentages of the 
subJects ue as follows 
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This table would also suggest that the In- 
structor group showed shghtly better res “rises 
to ~ze lenses ,n the Leaf Room than 2 Id the 
“washout” group 

Frontal Plane Apparatus 
There are many p arts to tins test and the 

combmed score o a 1 the pats prored of httle 
X&E m &ffennt&ng the mstructor roup 
from the “m&out” group In Appen 1x V f 
the var‘~“us pats of the test are hsted Of 
these there wele &ght Chcat~ons of a d&r- 
ence between the two groups, m 

(a) The total response m the rotatmn of the 
anfiguratlon of the rods m older that 
they appear “frontal,” when an overall 
sme lens was used before one ewe and 
then the other 

(b) The total lesponse m the two mclma- 
tlons of the L‘cyclo” rod, ,n order that It 
appear vertical. -hen merld~onal SUB 
lenses are placed at obhque axes before 
the two e>-es , first, w Ith lens axes converg- 
mg dox+n and second, with the axes con- 
vergmg upward 

It must be borne m mmd however that these 
results could not be tested for s~grnficance be- 
C~LIS~ of the small numbers III each of the two 
*“UPS The above differences may be due to 
elrors m samphng and no rehance should ba 
placed III them at this tnne 


