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ABSTRACT 

This study is concerned with the repeated measurement 
of lateral heterophoria over a ~e inter~al of up to 3 minutes. 

Such me~surements were made possible by the us~ of a computer­
controlled phorometer which was devised especially for this 
project. This phorometer was programmed to sinulate a number 

of different phoria tests. The results,obtained from these 
, tests indicate that the commonly used methods of dissociation 
are not as free from fusional interference as had been supposed. 

Two new phoria tests are introduced. One is an 
automated version of the cover test and the other, the fused­
images method, is original to this study. 

Results of clinical interest are presented. Those. 
regarding strabismus are particularly interesting. 

Heterophoria is given a new definition and a new phoria 
J 

test is proposed. 
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RESUME 

Ce travail porte sur la mesure répétée des hétéro­
phories latérales pendant des périodes de J minutes. Ces 
mesures ont été faites au moyen d'un phorom~tre contrôlé par 
un ordinateur. Ce phoromètre avait été programmé en ~e de 
simuler différents tests de phorie. Les résultats obtenus 
à partir de ces tests indiquent que les méthodes de di~sociation 
habituellement utilisées ne sont pas aussi libre dtinterférence 
fusionnelle qu'on ne ltavait supposé. 

Deux nouveaux tests de phories ont été suggérés. 
Un de ces tests est une. version autqmatisée du "cover test" 
et l'autre, soit celui de la méthode des images fusionnées, 
est unique à cette rec~~rche. 

Des résultats dtintérêt clinique sont apparus, surtout 
'dans les applicati~ .. au strabisme. 

Une nouvelle définition des hétérophories est présentée 
ainsi qu t un nouveau test pour les mesurer. 
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Cl-LI\.?T.ëR l 

Il'ile terrl lateral heterophoria describes the vergence 

Chai.1.;e which occurs when a perso:1' s :90\'ler of bi:10cular fusion 

is a:.-:-tificially inhibi ted. l/:hen fusio~ is rendered impossible, 

the relative angular positio~ of the eyes aIt ers and the a~ount 
of this chan.;;e is called the ~eterophoria. ',ihen the an.;ular 

change is measured in the horizontal plane, with the head in 

the erect position, it is calleà the lateral hetero~horia. 

'"hC:1 binocular vision is nornal the eyes are autoria tically 
positioned so that the images on the retinae will be appropriately 

located for use by the visual cortex. The cort~x analyses the 
ima~e pattern and, anon~ other things, creates the perception 

of depth. It a180 ~ives the ~patial localization of abjects 

without any noticeable diplopia. The cortical mechanisn which 
\'lor~~s to maL1tain single binocular vision is called fusional 

co~pulsion. If for any reason the fusion i3 disrupted, objects 
v:ill appear doubled. When fusion i8 rendered inoperative by 

an artificial means the eyes are said to be dissociated. 

In order for single binocular vision ta occur, it lS 

necessary that the eye's position be controlled with great 
precision. rrhe visual system has vIi thin i t a si}b-system called 

the vergence system. This system i8 responsible for the 

binocular fixation of the object being regarded. ?he tcrn 

ver~ence refers to the included angle between the visual axes. 

Co~vergence indicates a relative increase in vergence and 
divergence indicates a relative decrease • 
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If an objeet is fixed binoeularly the total positional 

error of the two visual axes must reMain ~ithin about 10 Qin 

of arc otherwice diplopia ~ill oeeur. fhe angular error that 

can be tolerated without the onset of Jiplopia differs from 
Derson to person. It als~ depends on the part of the visual 

field in 'Nhich the object is located. During single binocular 
vision, errors of fixation ,are not pereelvdd and it is only 
by sorne artifleial means that these disparities of fixation 

ean be noted. 

For heterophoria to oceut~· eOQPulsion for fusion 

must be suppressed. A nur.ber of me~hods have been used for 

this purpose; aIl of which rely on the use of a special deviee • 
.3ince aIl dissociatin2: devices ;'liust wor~c sa as ta defeat 

sin;le binocular vision, it is obvious that heterophoria ~s 
an artiLicially produced condition. 

The measurement of lateral heterophoria lS complicated 

by the varlet y of dissociating deviees that can be used. Over 

the last 100 years a number of means of dissociation have been 

used. Of these only three enjoy general use today. These are: 
" 1. An ophthalrnic prism placed before one eye with the 

pris~'s base-apex line parallel to the median plane of the 
subject's head. 

2. The : .. addox-rod placed before one eye wi th the axes 
of the cylindrical lenses in the horizontal plane. 

J. The cover test, in which one eye is alternately 
covered and uncovered by an opaque sereen. 

The ophthalmic prisn produees true diplopia Vlithout 

any appreciable distortion of the images seen. The ~.:addox-rod 
does not produce diplopia in the normal sense but instead it 

distorts the images seen by one eye to sueh an extent that . 

fusion is eonsioered to be i~possible. The cover test mak~s 
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;us ion inol'Jerati vc 'oe caUGe OIle eye is l_oo~ün!.:; at a blank sere en • 

Diplopia does not accur in the eciver test ~xcept whe~ the eye 

is uncovered briefly. UJ1coverin$ .. is necessary so that the 

chan;;e in eye posi tio:1 kan be determined. 

rEhe devia tian of: the non-fixatin:,; cye is usualJ.Jy measured 

by neaas of optical cancellation. ~hen this ey& adopts its 

heterophorla position~the images seen by it appea} to be dis-
5' , _ 

placed wi th respect to' those seen by the fixating eye. The 

GT'1ount of this displacement can be determined by usinb a , 

variàbl-e prism v/hase priS;"'1- I\Qwer Ca:i1 be used ta displace . the 

ima.;:;es s,een through i t, The, prism power nec essary to restore , 
the images to tYieir posi tioIl of zero he'terophoria is the amount 

of the subject·~ heterophoria. r; the 'c~~~ of lateral hetero-
.( , 

~-phoria, the prism's bas~-apex line is placed horizont~lly and 

the pO\'ler is adjusted until the refetlence images are seen ~ 

to be in vertical alignrflent. The pr:-isr.1.' s pO~'ler, in prisr.1 

diopters (L~), is hOhnally used to qual1.tify this change in. 

vergence. 

It is also possible to meaSUTe thé heterophoria 

objectively by neans di ~n electronic eye Qovement monitor. 19 
c ~ 

This is a proc~dure that has been neglected but its potenti~l 

for phorometry is' great because vii th i t the phoria can' be 

measured co~tinuously. 
, , 

The nlli~erical value pf the hetcrophoria ?epends, to 

sone cxtent, on the di~tance b~t~een the oblect re~arded and 

the observer. A dl.stant object requires li ttle verGcnce and 

acconffiodation wher:eas' a near one requires a lar.:;e vergence for 

fusio:î and con.siderable accomnodatiol1 for clear vision. ' The 

syncrgy between accommodation and 'co!1.verGence always enters 

into play so that even Vlhen dissociated, the eyes increase 

their vergence when the accommodation is incrE\aseà. 9 It is 
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~f~r this reason that the reîractive state of the eyes Dust 

be corrected before hetero~horia r.easurements are m~de, other­

wise nisleadinG results are obtained. 4 

Fhoria: measurerlents have been a~î integral p,art of 
'i 

O~hall.1olo.;y and ret'r~ction for r.:a.1Y years. 'l'his ViaS so 
beca~ heterophoria wa's- t.hought to indicate a preferred 

vergenc~"for a,--gî ven Ob{eC~,~i3:istance. Jf the heterophoria \'lere 
not zero ~t was felt that fu~{onal compulsion had to work 

against the phoria in order to provide binocular fusion. ~his 

idea was never properly expressed but it was implied that 

additional oculomotor work was required to move the eyes from 
the dissociated"to the fused vergence. It was felt that this 
addi tional wor]{ cOlÎsti tuted an unnecessary load on the neuro­

muscular comnonents of the eye and \'las therefore u~desirable. 

Syr.1ptoms of ocular discomfort or fatIgue were attributable to 
If' 

heterophoria, according to this theory, and in sorne cases 

sur[::ery was jerformed on the' extraocular !muscles to reduée or 

elirninate the phoria. 27 In other cases additional prism or 

1 

dioptrie povJer wàs' a.dded to -the patient· s ophthalmic prescription .18 
\ 

Althou~h the cause of lateral heterophoria is still 
unknown,it Vias thought by sOr:J.e'to be an indication of latent 

strabismus. 24 Others suggested that anatomical peculiarities 
i~ the orbit, muscles or ligaments were contributing factors. 10 

Little interest is shovm i~lateral heterophoria at the present 
time with the exception of the work of R. A. Crone. His recent 

publications ShO'.'l the old" ,explana tions of heterophoria'~to be 

inadequate and he has proposed~a theory of his ovm. 8 This 
theory sugbests that lateral heterophoria is due to a drive 

for image disparity which qps been perverted due to a lack 
of fusible inages. 7 
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Althou;h htterophoria ha~been ~easured routinely for 

over 100 years its dynamic characteristic3 had never been 

detcrmined. It was known from simple observation :that the 

heterophoria could have short terra changes in value but the 
anount and time course ôf these chanGes ' . .,ras never studied. 

5 

If phoria measurements Viere repeated during an examinatioYl it 
was, as a rule, to check on the quality of the initial measure­
ment. Studies in which phoria measurements were repeated after 
Many years showed the phoria to be essentially unchanged by 

the passage of tine. J8 

The object of the present study was to record the 
short term variations in lateral heterophoria and to determine 

its time course fOllowing the dis~oci8tion~of the eyes. ~n 

order for this ta be done the phoria had to be repeatedly 

measured with the elapsed time between measurements kept as 
short as possible. rro existing phorometer was capable of this 

performance because they vIere aIl &mtrolled manually. Since 
automatic control \'las a pre-requisite for effective operation, 
a computer-controlled phorometer was devised. 

A motorized rotary prism, called a stepping prism, had 
already been developed by me so this was used as the key 
element in the new phorometer. 20 This prism was used to 
determine the a~ount of the phoria, by optical cancellation, 
in the manner already mentioned. A PDP-8 digital computer was 
interfaced with the stepping prism so that the prisn's power 
\'las ul1.der programmed control at aIl tines.· Computer-control 
was indispensable because of the high operating speed required 

of the phorometer. Various dissociating methods were used 
in conjunction \'li th the' steppine; prism. In 2;eneral the cœnput,er­
controlled phorometer met the requirements of this study. 

t.", 
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It sho1l1d oe born Ll nind that al1 nrcvious ?horia 

measurements had been made by hand usin~ a Ris1ey rotary urism. 33 

Althou3h stmple to use, this pricm requires cO~3iderab1e 

manual dexteri ty if i ts pO',ler is to be chan3ed sPlOothly. 
It also suffers from a ~onlinear relationship betwecn the 

rotation of the i~put shaf~ and the prion power that this 
produces. A further 1imi tatiol1 on the prism' s performal1ce i8 
that the power scale, r.J.arked on the pris:1 unit, is graduated 
in steps of 2~. Because of this, the phoria is often recorded 

to the nearest diopter and at best is estimated to ha1f a diopter. 

If one compares the performance of the sarne prisr.J. under 

conputer-control with its rrianual1y operated coun"terpart the former 

is obviously superior. 3y its nature the step)in; prism cannot 
• change its poner continuously. lnstead it cha~ges pO\ler in 

s111all increments. These chanGes are produced by means of a 

stepping motor which is cO!1..."1.ected to the prism' S i:1.put shaft. '~'j 

Since the rate of stepping i3 ~nder the control of the probrar.J. 

running in the computer, any nonlineari ties in the system can 
, . 

be eliminated through programming. The resolution of this 

stepping prisr.J. was ± 0.1 A. The pris:n vIas calibrated by means 

of the disp1acenent it produced on a laser beam passed through 
it. The maximum rate at which the prism's power could be 
al tered was 0 . 141msec • Because of these features" the phoria 
measurements made with the computer-controlled phorometer were 

close to the ul timate in precision. for subjective phoromelry. 

Over 160 phoria tests VIere nade usin.:;'the cO:':lputer­

controlled phoro~eter. ~ost of these lasted for 2 minutes 

and 55 ~econds. T~e number of phoria falues reco~ded during 
1 

a test depended O:l the method bein€; used but the,maximun VIas 
in the order of 175. A typical pricm-diplopia recording 

, . 
would require about 70 responses durin~ the test period. At 

, 
this rate, the total number of individual phoria neasurements 

Must have exceeded 11,200. 

'l 
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The results obtained from the tests \ICre i~portant for 

a nu~;'l ber of reasons. r.2hesc "Iere: 
1. These were the first subjective phoria measureBents 

to be made in rapid succession. 
2. The duratio~1. of the test, about three minutes, was 

Ion.; enou;h to ShO':l the variabili ty iahercnt in the phoria. 
J. Different dissociatin~ ~ethods were compared under 

~ otherwise identical test conditions. 
4. ;Jevr inforrnation ','las obtained on the behaviour of 

the hunan vergence system under dissociated conditions. 

Although the rCGults of thi~ study are valuable they are 
also disconcertin; because Ma~y of the conventional ideas 
concerning heterophoria are placed in jeopardy. This is 
?articularly true reeardine dissociation and the ch6icc of 
the dissociating device. 

Î 
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l . FI1ATIO~I DISPARITY 

It has beon pointcu out t:1at thcre is morc often than 

not an an~ular diGparity bct~een objcctG seen \lith one eye and 

those see:1 iii th the other. Since 0 bj ects rCGarded directly 

must have a.'l ima2;e which falls directly at the contre of the 

fovcae, this an::;ular dü::~)ari ty is usually thou:;ht of" as OC~l~ 

relati ve to the 0 bj ect be1.1,5 fixed.' Any t\'IO i;1a.=;es of '~hc 

same obj ect, one on each retina, \/hich have the saDe m1.3;ular -

position relative to the fovcae are said to fal1 on corresponding 

poi~ts.2G Since there ~ill be no an~ular disnarity between 

these i~a~cs they \;ill be as unique as thosc which fall directly 

on the foveae. The spatia~ localization of aIl possible abject 

poéitions which will re3ult in zero disparity bet~een the inages 

i8 called the horopter. The horopter of Vieth-;,.üller is a 

georaetrical cOl1struction used to determine the position of aIl 

objects having zero disparity.28 This horopter is a circle 

i':hich passes through the abject fixed and the anterior nodal 

pointr' of each eye. The construction of the Vieth-r:üller 

horopter is illustrated in Fi~ure 1. In part A of the figure 

t\'lO horopters aré shawn, one passin,s through point P and the 

other throu~h point 4. The points labelled 6 and 7 Hill not 

give rise ta any disparity in thcir inage positions relative 

to the foveae ~ecause they lie on the horopter. This correspond­

ence bet\'leen the points is expressed schenatica.l2..y in part B 

of the fi:;ure. The presentation folloi,'s that SU33ested by 

HO!1ne. 34 ~he ro\'ts of points are consiùered as cortical 

representations of the correspondiDG points for one retinal 

r:1eridia:1. ','lhich passes throu~h the central lovea. The fovea is 
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Figure 1. A schematic representation of a subject 

regarding objects located in a horizontal plane. See the 

text for details. 
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indicated by the black dot. The Mcrldian for the ri~ht eye 
~ , 

if,; nar~ced rt and that for the lelt L. Perfect fi:m.tion of P 

is shoun \lhen. P falls on both b1act dots. The solid 1ine 

joinin: the images is intended to i~dicate that there is no 

disparity between them. 

10 

Olle mi~;ht suppose that \':hen an objec·t;, such 8.S P, Viere 

regarctcd directly the correspondence between. the ima~es would 

be as shovm in TI -of Figure 1. This is often not the case 

becausa it is possible for someone to thi~c that he is 

fixatin~~ a particu1ar pOi:ît when in fact his eycs are not 

perfect1y directed at it. The reason that such a fi;:ation 

disparity i8 not nOrQally evident is that there i8 a certain 

'. 

range of dis:Jari ties \/hich \/ill never resul t ln di.:Jlopia. Objects 

v:hich fall -,Ii thLî this ran;c are aL'mys Seeil. as :::;in,:;le and the 
Of 

na!"1.e gi ve:1 to this zone 0:' 8i,161e binocular vicion is Panum 1 s 

l'uGio:î2.l area. 28 Thus if, as i3 show':1 in FiGure 1 part C, 
,f 

point 4 ,/ere re~arded directl;y and points 6 and 7 '.lere \':i thin 

Panum's area, they would be seen without diplopia. If point 

J lay outside Panu.Tl1's area it \lould be seen double. If one 

\"Iere to regard l~ but \'/i th a fixation dis pari ty such that the 

visual axes crossed at P, the genera1 impfession wou1d be the 

same as long a-s~.~ remained wi thip Pa:'1um' s area. 'rhe extent of 
" 

this area variés between indi viduals and also bet\'/een central 

and peripheral vision. Disparities which occur \'Iithin the 

central visual field can amount to 10 min of arc \iithout 

c8:using diplopia. Periphera1 dispari ties can ar:lOunt to LW min 

of arc beÎore diplopia i3 noticed. 

A fixation disparity can only be nade manifest by 

special· techiîiq'ues • .30 / Thesc invariably r:;al~e use oi' polarized 

light. The subject looks at a tal"EÇet which is seen normally 

by both eyes. This target sti~ulates bino~ular vision in aIl 



• 

• ~ 

11 

reS"gects except for the pre::::;cnce" oi two liJ1es oÏ iJo12.rized 
lL.':J1t. One of these Ij .1es is se(m by the ric;ht eye a;l.d the 

other by the lelt. Any fixation dispari ty v/hich exists \'/il1 
_ 0 

be e:c~)osed by the 2,li~j1.lle,ît 0: these two lines. Olten the 
lines are adjuGtable n~d the subject coves then into apparent 
alignne11t \ihilc v.'earL1:; polarizing ,;la5se3'. Any error in this 
ali.::ru71ent is said to be due to a dis pari ty of fixation. 7he 
aoount of this disparity i8 ~sually expressed in ninut~3 of 

arc. 

The at1'J.ount of the fixation dispari ty depends on the . 
vergence of the eyes and 0:1 the state of, accorJu:oclation. Thus 
the di::::;:parity for distance vision may differ fron that for 

near vision. In addition, it is found thnt the arnount of 
dis:')arity alters if a cha~e in vergence is forced by ncans 
of prisns. A forced chance in accommodation, through the 
addi tion of ophthalrüc lenses, a180 chan.zes the fixation 

disparity. Sone of Oglc's resu1ts for Guch forced changes are 
::::;ho\'!n in Figure 2.JO It should be noted that an enoI'r.1OUS change 
in verGence is required to produce a soall change in the 
ùisparity. In a scnse,tQe vergence system may be said to prefer 
the disparity because it appears to make ,every effort to retain 
it. This is also true for forced chan~es in accommodation as 
is ShO\ffi in graphs A-2 and B-2 of Fi~ure 2. 7he other'graphs 
in the figure ShOVl hO\'! the dispari ty chan:ses VIi th a chanGe in 
forc~dLvergence. The forccd vergence ne~essary to abolish the 
disparity is called "the associated horizontal phoria". This 
n2.!7le apgears to have been coined by 02;le. 2éJ It i::3 u:1fortu;1ate 
that "phoria" appears in this name because this has nothing to 
do with heterophoria as it is nornally underztood • 

... . 

.. 

o 
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Figure 2~ Typical fixation disparity results taken 
from ogle.J° Near test distance (JJ cm). Changes in the 
disparity with ~ifferent amounts of,forced vergence are shown 
in A-l, B-l, C and D for 4 different subjects. Changes in the 
disparity with forced accommodation"hangyre shown in A-2 
and B-2 for the same subjects as A-t'and respectively. 

~ -:-\ . , 

1 
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II. 013.3GCLVi'IO.! 
, 

Under normal CirCUr.1.3ta~1ces binocular vision resiots 
diplopia. If one wis!îed, for sO,we special reason, to disrupt 
the nomal reflex for fusion it would be necessary to use some 

r, 

sneciar dissociating dcvice. :JissociatiT10 devices are .. ~ 
particularly important to the study of lateral hetero?horia 
because the whole concept is based on their use. 

Perhaps ,the most obvious meaas for producing dissociation 
,is to siTïply blocl;: the vision of one eye by neans of a screen. 
~he ~na~es seen by that eye will not only be differe~t from 
those seen by the other but they will also be out of focus 
because of the proximi ty '0: the scn~en. ',!hen one ~e is covered 

\ 

in ,this Hay the other eye is used for ::i~~atio::1. This means of 
dissociation has a serious fault in that" the stimulus for , 

accornnodation is different for each eye when the cover is in 
Dlace. Whcn the coyer io removcd and replaced an accoMmodative 

chan~c Day take place in the occluded eye. 

The hurnan eye CM only sustain a limited demand for 
a vergence change in the vertical direction. If a prism with 
its base in the vertical direction is placed befjie one eye, 
diplopia \'lill resul t if the prism poner exceeds about 3Â (1.7 deg: 
It is comr:1On practice to use a 61l prisf.1 as a means for 
producin.; dissociation. '.ii th this .device the accoITUilodation 
of both eyes can rC;::'1ain as it ViaS ocfore dissociation. 

The r,:addo~{-rod is an incenious dissociatin~ device 
consistin; of an a-rray o~lindrical lenses placed before r ' ~7 ~ ~J~ 
one cye. In order for the r.:addox-rod to fUJlction, a small 
bright object must be regarded. 26 The inase of the object is 
distorted by the cylindrical lenses and the object appears 'to 
be a bright vertical line. Sometimes the le:'1ses are tinted 
red ",as a means of further inducing dissociation. Dissociation 

( 
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. recults because the :ree ey~ sees a differe~t scene to that 

seen by the eye loo}:in~ throu3h the i:addo:i:-roà. Accorrlr.1odntio:1 

i8 not \lell controlled because the pO','ler of the cylindrical 
1ens system, varies from zero aloYlZ the, az:is of the cylindcr 

to a lar~e value at 90 de: to the axis. If the ~addox-rod 
is ti~ted red,mattcrs are co~plicated by the chro~atic 

aberration of the eye • 
. J 1 

, 

The polarization oI 1i.:;ht offers a convenient f:leanS 
for dissociation but it has not been applied to phoroYlletry. 
If the subject \/ears polarized le!lses, such 2..S are used for 

viewi!lg stereoscopie pictures, the images see.1 by O!le eye can 

be made different frOD those seen by the other. In essence, two 
pictures are projected O!l a sereen with the light from one 

picture polarized at 90 deg with respect to the light from 
the other. In order for co~plete dissociation to oceuG the 
.field of vie'.., of the subject must e.xclude a11 sources of un-.' 
Dolarized light. 

III. LAT:~L ?~7EEOPHORIA 

As far as can be determLled, von Gracfe (1867) '.'las the 
firet to develop a method for disrupting the fusion of the eyes 

and to neasure the posi tiO:1 adopted by them under this 
condition. 42 7he systen of nanes used to deGcribe the diGsoeiated 
position relative to the fuse~ conditio~1 is due to George 

Stevens (1887).39 A cO~91ete description of the te~s used 
is (;ivcn by Du~~e-Zlder in !1is 7ext-boo}:: of' Onhthalnolo::;;.15 

Of interest in the presc~~ study are the words orthophoria (to 
bear strêight), heterophoria (other beari~~), esophoria (bearing 

inv:ards) and exophoria (be2.rin~ out:;:arà.s). The ~':ord cyclo­
phoria was introduced by Savage in lE)91 to describc a torsional 
pho~ia.J5 
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A.G dc::illCd by Du\e-21der, ortho~horia is saül to be 

"' the üi.e~l co,ldition ':thcr'61n the ocvlor.:otor npparatus is Hl 

}crfect cquilibriu~i1 so that bath eyes retain thcir :'10r:-.1éll 

pOGitia~al relatlanship (that is, rernai~ di~ected upon the 
fixation point) evcn whe~ thelr activity iG dissociated by 
the "iithdr<:Hlal of the co~1trollln,:s Llfluence of lusio.l. ',llhis 

ideal equilïbriul7l i8, hO\'lever, not COr.1f:1on for distant obj Gcts 

and no~-existent for near. 15 

1. 
It is also said that no~ally both eyes are naintained 

on t:le fixation yoint only un.der stress \'/i th the aid of 

corrective fusion reflexes. If fusion is ~ade iDpOGsible by 
'dissociatio!l., one eye deviates and thls conditio:'1 iG teri.1ed 

hcterophoria or latent strabismus. 15 

l'he preceding defini tion of hetcropllOria is the conventional 

one. In it orthophoria is implied to be the ideal state and 

hetcrophoria to be a departure froM the ideal. The staternent 
J that orthophoria is not a condi tian car.1ffionly found shO\JS the 

definition ta ~e inadequate. 

In 1928 Ames and Gliddell compared lateral heterophoria 
values \'Iith tllose found for, what \'las later to be called, 

fixatio.l. dispari ty. 2 The discovery of fixation dispari ty and 
its correct ïnterpretation \'las due to Lau. 23 The :possibility 
oI a link between heterophoria and fixation disparity was 

considered by O::;le and recently Crone has advanced the theory 
that fixation disparity i8 the cause of lateral heterophoria. 8 

Aside fro~ the work of Crane there seens to be little 

interest in heterophoria at the present tiBe. The old idea 
of muscle i:nbalance still holds 2\lay, aG \'laS indic2.ted by 

3nydac~cer when he wrote that "the value of the r,:addox-rod as 
an instrument for measuring muscle imbalance has been amp,ly 
dcmonstrated by v/ides.pread clinical use ... )8 
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b 

011.0 fairly receat dcvelonment ln the orthodox 

interpretation of heterophoria i8 the study of variations in 
the phoria with-èlevation and depression of the gaze. It is 

, ' 
::me;[';ested that ,~here is a connection between this and the 
A and V syndror,l~"-s ~of lateral heterotropia. 41 

The reason w~y heterophoria occupies such an important 
place in ophthàltli~i~gy '\'las expressed concisely by Duke-IUder 
when he said that, "there is • • • no fundamental distinction~' 
bctween latent and·~rl8.nifest squi.'1t; the difference is 

. quali tati ve, ly~tl§ pa.rtly in the de[;ree of dissocia tioj.'1, but 
essentially in the effectiveness of the patient's efforts to 
compensate for it by fusional reflexes. . . • In terms of 
strabismus t heterophoria i8 a latent squiïü r.1ade manifest by 

the sus~ension of fusion." 1S 

The notion that la1;"ëral heterophoria is a late:yt squint 
cade nanifest through the suppression of fusion has given it 
the reputation of being somethii1,:; that had to be overcome 
before single eb'i1~ocular vision VIas possible. The effort of 
conttnuously 'overconing the phoria has been singled out as 
a cause of asthenopia ru1d eye-strain. 18 Because of its 
association VIi th strabismus, heterophoria has been treated by, 
orthoptie nethods as weIl as by surScry. 2S 

, " 

,. 
It has been sU6~ested that heterophoria causes a decrea~è" 

in. the ability to perceive depth throu,'Sh stereopsis. Vision 

." 

tests· .. fllr pilots include measurements for heterophoria and if ~ !;, 

certain values are exceedeù the ca~1didate will be disqualified. 4~ 
This restriction may be quite unjustified because sorne,claim 
that there is litt le relationship between lateral heterophoria 
and stereepsis. J 

.-.... _----- \ 
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It has bcon SU~3est8d that certain cases 

are d b . " l d' L' 10 cause' y certRln ana~O~lca_ con l~lons. 
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of hcterophoria 

,:hile this r'1ay 

(' 

'oc true, anatonic:::ü abnorn:::üi tics Jlecd not lead to he~erophoria. 

Crone cites a ca::;e Ïll which one eye il?S dis:placcd by 13 rWl over 

a period oi' 40 yoars. 7 .iJurL'lJ; -Chis Ch:ll1,};O of position, cye 

:-10vehc,1ts '::cre unir;jpaired and orthophoria '.'las retai(1ed. 

Because of the syner~y bet~;leen accoï.1:1odation a:'ld coaver~ence, 

the r'leasureJ'Tlent of hetero]horia is commonly perfoIT.led durinc; 

the refractio:l of tlle cyes.~' 18 'l'he ratio of accor:u::odative « 

cOl1ver;;ence to accor:L"7lodation (AC/A) i8 ofte:1 deterrained by 

chan;in.::; the acco:'1ï.1odation reqyired for a Given object distance 

and Measurin~ the resulting cha~z~ in p~oria.9,29 

dot evcryone ac3ree; \'fi th t~e _ t;adi tiol'~ vimis on 

hetcro .;Jhoria. Abraham SUS,~C8""GS that, "the older QO;,"lcept, stîll 

retained by faul ty defini tions, .wiüch su::;.:::;ests a direct 

relation to the position of rest is outmoded and only·confusion 

can result thercfro::l. ,,1 He tates the vie\'" of Dobson that 

hetcrophoria, as measured by the usual tests, gives eviùence 

as to the state of activity of the conver~ence function under 

test conâi tions .12 In contradictio!1 to the view held by sorne, 

Abrahao says, ".:0 real evidence e~i~ts to support the opinion 

tha t phorias determine the type of strabismus~ ilhich may oceur." 

Crone has Da de the ~reatest break with tradition. In 

his article 0(1 ~icro-ano~alous correSDonuence and its role in " -
hetero~horia he states f l ve "facts" \'/~ich he cOi1siders to, be 

a challen~e to the usual axplanation of hC~dro~horia. Thes~ 

facts are summatlized
1

as follo\'.'s:7 

1. l,.ajor anatorücal abnoI'l"1ali tics are frcquently J~:':: 

acconnanied by ort~o~horia . 

: 
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2. Ortho?horic subjccts to whon prls~atic lenses are 

applied arc found to be orthophoric a~ain after a pcriod of 

adaptation with such lenGes. 

3. In the maj ori t~r of cases of severe heterophoria, 

no evident an.atorücal cause e;:ists for an abnÇJr:-ml position 

18 

of reste t 
4. Jlher~ c~.Qctive '-.;., 

heterophoria, it will often 

pris~s are prescribed in cases of 

oe found that the condi tiQ~l, as 

r.leasured throu.;h the lenses, return3 after a time. 

5. .. prismatic or surgical correctio~ frequently 

leads to failure. 

Croile' s study on r1o;t,or fusion at consta~lt disp, ari ty ·led 
"..1 

him to note that, "the conce::Jtion of the r'lOtor functiôn of , 
l'i;'::,atio,1. disp3.ri ty points to an intir.:ate c01Ulection beti'leen 

fixation dispari ty and the fusional tonus of heter.rr?~oria . . . 
-.. ,.,.' 

in vlhich tÏle dis )o..ri -'c~/ ni;ht even be the pri:7lary cause of the 
hetero~)horia. ,,6 

IV. i,:ETHODS ;:;'OR D~r.l'E~ .• Ii;Il;G THE ?HORIA 

. .. . 
~he methods oI pho~la neasurerr.cnt dlscussed in this 

section are limited to those ~ealin~ with lateral hetero,horia: 

In so~e cases the sa~e Qethods are usea for measurin~ the 

vertical phoria. A more cOM?lete listins is given by' Cridl~nù.5 

Von Graeiels ~ris;-diDlopia test. The prisn-èipiopia 

;'lethod of vo:) Graefc is cased on the dissociatin.:; effect of a 
4-prisJ11 placed, base vertical, before one eye. The e:1suing 

vergence chan;:çe is u3ually r.1easw .. ~ed i.'i th :l ~isley rotary prism. 

As recom..lle.lded by .:3avélC;c, the dissociatinz priam should 

oc 'placed b~fore the sar'.e eye as the rotary prisM.36 He also 

stated that, "the princi?le on which aIl the tects possible 

to a phoro:neter rest, is that, the image in one eye, thraughout 

- ..... i'!.. ... 
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evcr~ tC3t, shall ba undl~turbGd; th~t the h2ad shal1 be erect; 

2Dd th2t both cye~ and the o~jeet . . • ch211 bc on t~e extended 

horiz,o.1tal DIane of the hca0." 3ava.:;c 1 s C:escri~)tio:1 of the 

test i8 ~orthy oI quot8tion bccauGe it iG one of the @o~t 
')< 

1
.. ,l, 

eX1LlClt; ;.-' 

,:ith the i,1strur,1c:l-C properly levclled bcforb the ri:-;ht 
cyc, the a;:i3 of ~hc ro-cnry ~risl~1 verticnl, 2nci the 6 dioj:tcr 
prisn base up, in the s10 t tO\;ard othe face, the ':alsc object 
is made to a)pear below the true, and if directly under it, 
thera is l~teral orthoDhoria. The rotary pris~ tur~ed in 
eithcr direction ~ill nake the faise object Co either to the 
ri~ht or ta tho loft of the vertical lino thrau:h the true 
obj eet, which must be, at all timcs, the o~e 10o~:eG. at. 
3hould the falsc oàject not be under tilc true, turnin; the 
rotary prisn in the proper direction ~ili place it therc. 
7he test for lateral orthophoria, in the near, is Dade by 
holdi~G a card ~ith a dot or cross in it3 centre, at the 
readin~ distance. 

J:'he po',rer of the dissocia ting prism lS eOl1.Gidered 
adequate if it exceeds the subject's ability to ~aintain fusion. 

'!'he èissoci2.ti::lZ-': po· .. :er used by vo!1. Sraefe, accordinz to :,;addox, 

\IaS J. 5 tJ. for distant vision, '.'lhilc for near a po ... :er of SA \'las 

vsed. 26 3ava;c sus~estcd the use of a 6~ prisM and Seobee and 
Green us ed 5~"'cîurin.3 their study. 35 ,37 Appendix A sho\.s the 

conversion between prisrn diopters and de&rees of deviation. 

In spite of criticism a6ainst it, the prism-diplopia 
teGt iG fre,!ue:1tly used. Scocee and Green') in 1947, coneluded 

that 1t correlation TIith the-t~Gt that they eonsidered 
to be parallax test.]7 

~ests for Iateral hetcro]horia based 
0:1 the eoverin:.:> nd u~coveri!1.; of one or both èyes alterna tely 

are co~sidered by ~OGt ta be the standard by ~hich other methods 
should be jud~ed.l),14 .3cobee and Green fitateà that, "of aIl 

heterophoria tests, the Gcreen al1d parallax test climinates a 

.:::;.:-eater nunber of innervd.tional factors than a';ly other test 
1) 
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3.,16 thus a110\1s -che closes t ar;proach ta the Dosi tio!1 of 

aèsolute re.3t. ,,37 '.t'he screCl1 and p2.1l..~alla:: ver8io!1 of the 

cover tescc is the prcfcrrcd one and sometirlCs i t io ~')crfor.-:lcd 

20 

\'.'i th a : .addo~:-rod beiore one eye. ;:;;cobee and Grc~n 1 s descl.-i:9tio:'1. 

of the scree~ and parallax test i8 a8 fol1o~s: 

A 1 cm light ":las used at 20 feet 2.nd 2,:1. ophtha1nosco:;:Je 
v:i~h the head rc~ovcd \~s used at 13 il1ches. A cover \~S 
shifted from one eye to the other; square prisms beins 
chan~ed behind the cover until any objective moveuent of 
~he eye and any subjective rnoveMcnt of the li3h~'had ceased~ 

,,ri th~ the addition of a ;:addox-rod, Doman created the 

i':addox-rod screen te'st .13 Seo bee and Green 1 S ve:::-sio:1 of this, 

6al1ed~he screen-Maddox rod test, is described as follows: 37 

At 20 feet, the test object '::as a Muscle li6ht 1 cm in 
diameter; at 13 inches, i t \12...3 an ophtha~:-.lOscope \,[i th the 
head renoved. AlI lishts in the immediate vici~ity of the 
rr:usc1e light \lere turned out but the room \'ras not entirely 
darkened. '.ïi th the 11.addox rod placed before the non­
do:ninant oye, a coyer is also I1elè. before the sa:7ie eye 
and re~oved regularly for a period of 1 second at abo~t 
J second intervals, oean\'lhile al10·,',ing the domina~t eye 
to maintain fixation constantly. This very brief uncovering 
or "flashin.:;;" of the non-domina:'1t eye has for i ts purpose 
a further Viealœning of the fusion control. For the 
measure~ent of heterophoria, a Risley rotary priGm is 
rotated into position (also before the non-do~inant eye) 
and set bet\'leen J aI1d 4 àiopters "off" of the zero position; 
this forces the exar.ünee to ma~~e SOr.le adjustment even 
though orthophoria is present. The exar,ünee grasps the' 
hand1e of the rotary prism and, while the nusc1e li~ht is 
being "flashed" De fore the eye behinà the r,;addox rod, he <, 

i8 instructed to adjust the line so that it Disects the li;ht. 

Cover tests are considered to be "delicate" in that 

sl:ill ts requireà 0t both e~:aminer and suDject. ':[he::-1 the coyer 

test is performed objectively by aàjustinG the prism un~il the 

eye no lon3cr movcs Hhen covered and 1,.Llcovered, the -ohoria 

can usually be rneacured to within 2 dee. ID~caster claimcd that, 

"'.'Ii th 'a good lizht, a lou~)e and 2. eood pa~ient i t was possible 

to measure 2Â (1.2 dce;).,,18 
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~he ::addox-rod. 'l'he :-.1ost popular mcans of determinins 

the :phoria i:J the :.jaddox-rod test. It i8 :::;i:1ilar ta the prisf.1-

diplo~ia test except that dissociation is produced by the use 

of the ; .. ad dox-rod. i,~addox ':3 ori~inal rod v;a8 a short length 

of ~la8s rod, about 4 nm in dia~2ter, but current practice is 

ta use a systeu similar ta a number of rads qtac~(eà. tOf,ether 
~ 

~ith the 8xes of the rods lyinB in the same plane a~d ~he rad= 
6 y 

in COJ1tact \';i th each other. 2 Each rod i8 a cYlinà.rical 1ens 

\;i th .;rca t dia ptric pO',',er in the meridian at riGht anGles ta 

the axis and zero power in the meridian parallel to the axis. 
·.:he., an object such --as Q. flane or a sri'.all lûl::P is re.;ard,ed 

thraugh the i\ïaddox-roct, i ts width in the 8.=:ial neridian is un­

changcd but its ~idth in the direction at ri;ht an~les ta the 

axis beco~es very large ta the effect that the lisht source is 

"" àrtl\m out into a 1ine of li::;ht. Regarding the use· of the 
: :addox~rod test Dul::e-Elder said tha t : 15 

The r.:aéidox-rocl is the n/ost l'liàely used t the r:lost simple 
and aecurate of aIl tests for sroa1l deviations and high 
testinony has rightly been paid ta its value. It cannat, 
ho~cver, be said to be perfeet sinee there Is u~doubtedly 
sorne tendcncy to attaiD fusion even although the images 
are so dissir.1l1ar, . and.- a tendency to convergence may 
introàuce a bias to.;ards esophoria. If, ho\'.'ever, i t is 
used in combination with the caver test, these difficulties are 
removed and the combined test becames one of the greatest 
possible accuracy • 

. The theoretical justification for ~he preference o~ the 
;.;addox-rod i8 usually based on two argUments: (1) that the 

!Jris:.J-dlplopia test ls unsatisfac"Gory because i t Gi ves false 
rcsult8 if the diGSDciatin~ prise i8 not placed with its axis 

in the correct direction and (2) that if bath ImaG~s ta be 
superposed or a1i~ed vertical1y do not ,fall on the foveae 

, 
then there will be a stimulus for fusion. The reasoning behind 
the seco;1d arGu;-nent is e;i ven 't:f1J Cridland \'1ho said: 5 
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Any method of neasuring heterophoria, and this applies 
to aIl tests, whatever the position of rest which they tend 
ta ~ive, may be falsified if the two images do not bath 
fall on the maculae af the respective eyes which perceive 
thein. For if the imaee of any object, and in particular the 
irna3e of the abject to which attention is directed, falls 
off the IJacula, the fixation reflex is itnPlediately called 
inta play, and the more viGorously if the object stands 
out more clearly from the background. 

A basic difference of opinion is found in this quotation 

from Savage: 36 ~ 
The r.:adctox- od is objectionable in aIl tests of the recti 

for the reas n that a part of the s.treak of light, whether 
it be vertical or horizontal, will fall on the field of 
binocular fusion, unless th\!:!. error be great. The false 
image, whatever may be i ts character, should never be on -,(L~ 
any part of this "field; otherwise a greater or less effort ~ 
at fusion will be made. 

The latter opinion sebms to be the correct one because 
,\;estheimer and r.~i tchell found that, "disparate visual configurations 

may be qui te dissimilar in shape and contrast in the twd-' eyes 
and nay even be separated by about 100 msec in time and several 

degrees in the vertical direction and yet elicit normal 
horizontal vergence movements.43 Even Dore telling than this 
i5 their statement that, "a vertical line segment as short as 

t 

3 min of arc in one eye presented in dis pari ty vii th a vertical 
line of any length in the other eye still elicits horizonta~ 
vergence movements." These observations should disqualify the 

~ 

r,~addox-rod as a means of dissociation. 

Phoria and fixation disparity. Fixation disparity is 
alwayG rneasured without dissociation. For this reason,there 
can be no direct connection between.fixation disparity test 
results and those for heterophoria. In spite of this, the n~~e 
associated horizontgl phoria has been used to describe the 
forced vergence which reduces the fixation disparity to zero. 28 

'ot ~ -. 
, 
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,hc~ the associated phorin js comparcd with the convcntional 

::)ho::.~i.'il, fo!' t;l.e same subject, the~f arc sOi,lEti:71es si::il2.r and 
soneti~es quit~ di~fcrcnt.16 Comparative ~ata can be seen in 

~i=urc 2, pa!'ts C a~~ D, whcre the results of conventional 
-qhoria Dca3urements are sho\'li1 alo:1; Vii th the fixation. dispari ty 
curve. ?hc arro~ labelled ::] indlcates the phoria, found by 
means of the ~~ddox-rod test whilc that labelled CT indicate~ . 
that found by the cover test. It is worth remarking that, in 
part C, the subject had to force his eyes to converge by 7 deg 
in order to eliillinate a disparity due to overconver3e~ce. 
ïot only i3 it odd th8.t îorced convercence i8 required to cause 

2) 

'a relative ~ivergence in the disparity but it is'also remarkable 
that a ven:;ence chan~e of 7 deg should be required ta elimine.te 
a verzen.ce error of 7 nin of arc. (1." far as can oe deternined 

the rea30:1 for thirro rela tionship is not kno','m and this may be 
the first time tha anyone has remarked UpOD it~) This sort 
of evids~ce should have been enough to show that any connection 
bet\lee~ ;'~ssociated and àissociated phorias was tenuous. Further 

proof of this is found in so~e of the results to be presented 
in tire following chapters. 

v . IJHORŒ~ET2RS 

AlI phorometers comprise a dissociating device and a 
displacement measuring device. The name phorometer is usually 

reserved for a self-d~ntained unit. AlI phorometers require 

sorne sort of test obje;t, or target,~or the subject to look 
at. Although the target is a necessary part of phorometry, 
it is seldom considered as part of the phorometer. 

The first'phorometer \'las invc::1ted)~ stevens.!;.O It , 
com,rised two prisms of equal power, one placed bafore each 

oye. The pris:J.s "/ere mounted in a metal holder which constrained 
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thern to a rotary motion vIi th the axis of rotation bein; nori:lal 

to the plane in which the pris~ laYe \ ~he two prisms were 

3eared together by an tdler wheel. An actuating rod ~as 

attached to one of the uris~s such that the operator could 

change' the orientation of the prisras. To neasure the lateral 

heterophoria, the prisms ~ere turned so that one was base up 

and the other was base dow~. ~he inages seen by the subject 

were thus dissociated and the operator then moved the _ is~s, 

24 

by means of the rod, until the subject reported th the ina~es 

\lere in vertical align.ï.lent. A scalè~~eà on th phorof:Jeter 

indicated the am01mt oi the phoria.· 1,'/i th this sy 

anount of vertical dissociatjon varied as 

power was changed. 

The first phorometer to use the i.laddo:{-rod \'las tha t 

devised by Prince. Ji This was simply ~ hand-held device in 

V/hich a !:addox-rod \';as placed behind the tv/o prisr.ls of a rotary 
-

prism unit. Il'hus the unit comprised a l ;addox-rod a~'ld a Risley 

rotary prism rnounted on a handle 50 that both were placed 

before the same eye. :~o levelling device was provided. 

The ',ülson phorometer comprised a dissociating prism 

before one·, ,eye and a Risley rotary prism before thé' other. J6 

Savage' s phorometer \'las an improvement on the Wilson 

uni t in vlhich the dissociating and the rotary prisms were placeà 
~ 

before the sa.'"'le eye. It also included a spirit level and \/as 

ribidly supported on a stand. J6 

The phorometer introduced by ~e Zen~ was the prototype 

of aIl modern clinical phorometers. 11 It was a multiple 

purpose unit, see Figure 3, in which aIl the ~omrnonly used .. 
phoria r:1casuring devices ',lere inclucled. Associated with each 

eye vIas a i,;addo~-rod. a dizsociating prism and a rotary prism • 
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B 

Figure 3. A multiple purpose phorometer with 
(A) stevens phorometer attachment, (B) r,1addox grad,*ted 
multiple rods and (C) universal double rotary prism unit • 

25 
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2ach of these devices vJas in a:1 independcnt holdcr \'/hich 

]ivoted about a comno~ shart. By this neans, any or aIl of 

thcse d~vices could be placed bafore the eye. The cnoice of 
the co~bination, and the eye before which they should be placed, 
',as left to the operator. A Stevens phorometcr, which could 
be clipped into place, \'las alsp i~cluded. It is current 
practice to provide a lens chanzing unit in front of each eye 
in addition to the phorometer cleMents. 

Any of the above phorometers can be uscd for near 

vision as weIl as for the'distance but one near distance 
phoroMeter which deserves 

"" is the raddox wing test. 
DuJ:e-Elder. 15 

mention, because of its pOPufarity, 
Its description ~ay be fa und in 

In 1945 Quereau and Putnam introduced an instrument 

which the y called a tropophorometer. 32 The refere~ce abjects 
were two smal1 1a~ps nounted on plvoti~ arns. Each arrn was 
hin;:çed ta pi vot about' the centre of rotation of the eye 'rd th 
which it vIas associated. The angular position of the arrn ViaS 

determined from scales attaC'hed. Each la.mp vIas seen 0.t.1.1y by 
the eye associated "Ii th i t oecause of the lamp 1 s construction. 
The tropophorometer must be used in the dark, e~~cept for the 
cover te~st. If t21e lamp used to locate the directioi1 of the 
deviatinc; eye is flashed in ti1e dari:., i t is as if a cover were 
used. This device is very useful in that the f}xatin; eye 
may be directed in any direction and the phoria, associated 
~ith that direction of re~ard, neasured. 

~he phoroIileter \'lhich Vias used for thi~ study \'las 
developed in 1972 and is bascd on a computcr-controlled Risley 
rotary prism. 22 The phorometer's operatio~ can be prosr~~ed 
to executc any test which calls for a rotary pris~ • 
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A COI.IPU':'ER-CO.iTiWLLED FHOROï.:ETER 

'l'he phorometer Vihich was used th"roushout this study 
did'not differ from, its predecessors in its essential parts. 

~here it did differ was in the use of a motorized rotary prism 
whose prismatic power was adjusted by means of' a digital 
computer. The outstanding feature of this arrangement was- thqt 
the phoria could be quickly determined and that the test could 
be re~eated with no appreciable d~lay • 

• 
The phoria tcsts''''performed with this unit were, with 

one exception, programmed versio~s of the tests most commonly 
uscd. The most explicit description of each test was sought 

out and used as a guide f'or programming. oIo test description 
was found to be detailed enough for pro[?;ramming purposes so l 
was obliged to define each test procedure myself. The programs 
prepared for this study are probably the first complete 

descripiio~s of the conventional phoria tests. 

The subject whose phoria was being measured was the one 
to judge when the phoria was cancelled by the rotary-prisme 
These tests are therefore aIl subjective in nature. The 
subject indicated the moment of cancellation by means of' a 

hand-held switch and the current values of time and prism 
position were recor~d by the cOï.lputer. In this way. reaction 
time errors were kept to the absolute minimum. 

The automatic recording of data and the ability ta 
change the prism's power pt any required rate enabled the test , 
to be repeated without delay. It was thus possible ta record 
a sequence of phoria measurements with a minimum time interval 

between them. The term "sequential measurement of heterophoria tt 

was used to describe this procedure • 
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The phoria measuring priam was a Rlsley rotary prism 

dri ven by a stepping mot or . The name "stepping prism" is used 
ta describe such a device. Sorne recent publications contain 
desorlptl0ns 0 hlS eVlce an l s uses. ~ e orlg1na .. ft· ct· ct . t 20,21,22 Hlh .. 1/ 

stepping prism was not suited ta phoria measurements because (' 
the prism's power changed too much with each step. For this 
reason, a new stepping prism was designed in which the greatest 
single step was O.lA. This differed from its predecessor in 
that a speed reducer was interposed between the stepping motor 

and ~he rotary prisme Each motor winding was also nrovide4 
with a parallel capacitor and a current limiting resistor so 
that the maximum operating speed could be obtained. ünder 
ideal conditions it was possible to slew the prism at a rate 
of 1 step/Msec. The priam could be altered from zero to its 
maximum power of JOli in slightly more than 0.3 sec. Since 
the pris~'s base could bé moved either to the left or to the 
right the total range ,of prism power was ±30A • The photograph 
in Figure 4 shows the stepping prism unit partially disassembled. 
The circuitry on the printed circuit board is used to convert 
the TTL logic input into a motor step output. Two input 
channels are provided, one for the direction of motor rotation 
and the other for the performance of a single ste~. 

Previous \York with the stepping prism showed that too 
much computer time was wasted in single stepping the motor. 

This complicated the programming and also left little time for 
. 
executing other programmed'routines. To overcome this problem, 
a special interface was designed which acted as ,a dedicated 
motor controller. This controller accepted instructions from 
the computer's input/output bus and executed them with regard 
ta the motor's direction of rotation, the number of steps to 

be ~ade and the stepping speed. The ci~cuit diagram for this 
interface is shown in Appendix B. In essence, the motor 
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Figure 4. Stepping priam unit shawn "partially 
dis-assembled. Parts indiéated aré (A)'stepping mator. 
(B) speed reducer. (C) flex!ble coupling, (D) Risley rotary 
prisme (E) motor controller, (Fi caver, (G) carrier, 
(H) 66 dissociating prism.and (J) slide ways. 
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oontroller is a pulse eenerator and counter circuit. The 

computer's instruction is decoded into the number of stens to 

be made and this is set as the count limit. The instruction 

starts the pulse generator and with each pulse the mot or takes 
one step. i'fhen the correct number of pulses has been counted 

the generator is turned off. At the same time a flag is set 
and an interrupt request is made. The instruction to the 
controller also includes the desired stepping direction and 
a means of selectively channelling the pulses to two 

motors. A separate instruction is required for setting the 

stepping rate. This need not be re-issued until a change in 
rate is desired. A pre:set counter outputs_ a pulse after the 

deslred number of input pulses have been summed. The counter 
is arranged so that pulse-s can be passed on after a count of 
any integer between 1 and 100. 'The slowest motor speed was 

therefore 0.01 tirnes the fastest one. This control system 
proved to be trouble free antl well suiteà to its task. 

A PDP-8L computer was used to control the actions of 

the prism and to perforrn the other tasks associated with the 
phorometer. A Lab-8 peripheral device control system \'las also 

used. A teletypewriter was used for operator input and 
ha rd copy and punched tape output. An X-y point pIotter was 
used for preparing graphs. 

The prograrnming of the phorometer was ~or the most 
" -

part the programming of the movements of the rotary prism. ~. , 
The actual prograrnrning details depended on the type of phororneter 

that Vias to be simulated. Certain prograr.lmtng features were 
common to any type of phorometer, such as the plotting of the 
response values as they were recorded and the typing out of 

the numerical values when the test 'lias completed. Other details 

\'Iere quite specifie, such as the operation of' the covering screen 
during the automatic cover test • 
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The working part of the phorometer, that i8 to say the 

part v~ich the subject Ioo~ed through, comprised the stepping 

prism and the dissociating device or devices. These were 

supported on a floor mounted frame. To allow for variations 
in interpupillary distances, the elements of the phorometer 
were mountcd sa that they could be displaced laterally along' 
a horizontal beam placed above the subject· s brow. This 
arrdngement is shmm. in Figure 5. Vertically mounted slide 
ways are seen in this figure. Th~"'~~ cSlide ways Viere used for 

holdin~ dissociating devic~s. One set was permanently mounted 
on the front face of the stepping prism unit while another set 
was used either for holding a dissociating device before the 

\ other eye or else for supporting the solenoid operated screen • . 
The sereen is shawn in both the open and shut positions 

...... in :Figure 5. 
- 1. The devices ta be placed ln the slide ways were first 

fastened to a carrier. This carrier was free to slide up and J 

dOVin in the ways, if this were necessary for the test. A 

sOle~oid operated clamp", shawn in Figure 6, was placed 
directly above the phorom~ter elements. Strings attached- ta 

the carriers passed thraugh it. By this rneans, the carriers 
~nd the dissoclating devices mounted an the~ could be held 
out of the line of sight and could be released at the appropriate 
time to fall in front of the subject's eyes. A string, attached 
to ci.' swi tch, was pulled ta open the clamp tha t held up the . 
carriers. 

~ The input and output of control signaIs from the computer 
ta the phorometer were handled by the Lab-Sls AXO-B peripheral 

controller. Of the d~vices provided by the AXO-8 only the 
following were used: 

, -
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, 
Figure 5. The computer-controlled phorometer with the 

~olenoid operated screen and the dissociating device in its 
carrier.- Qn the'left the screen is ~n the cover\position an~ 
-the carrier 15 in the dr~pped position • 

/ 
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Figure 6. The phorometer and its supporting stand. 
The view on the right 'is that seen by the subject. T~e 

osolenoid oper~ted clamp is seen near the top. The pûsh button 
swi tch is resting on the bottom beam. " The vertical board is used 
as a vibration damper • 

\ 
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1. One analog to~digital converter with a 9 bit 

resolution. 
2. Two digital to analog converte~s wlth an 8 bit 

resolution. These were used to position the pen on the 

X-Y pIotter. 
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3. T'NO :::>chmidt triggers, one of which Vias used to accept 
the subject's ~esponses. The other was used to detect the 

plot completed pulse glven by the piotter. 
4. Two relay outputs, one used to enable the piotter 

and the other to control an external device. 
5. One pulse output channel used to request a plot 

from the plotter. 

The choice of peripheral devices depended on the type 

of phorometer that was being simulated. A hand-held switch 

was used as the input from the ·subject. For sorne tests the 

subject controlled the prism's power himself by means of a 

hand-held potentiometer. The voltage from the- potentiometer 

was used to indicate the prism power desired • 
.(' 

The software for controlling the phorometer was developed 
in stages. Ail programs and subroutines were written expressly 
for this project with the exception of a single precision 
divide subroutine which was supplied with the computer. 'The 

" J 

memory requirement for the Most complex program \Vas 850 words, 
each of which ~omprised 12 binary bits. 

Th ' .. l . . tt ( e orlglna programDllng was wrl en to perform the 

prism-diplopia test. As other tests were programmed the 

previous program was modified to suit and therefore much of 
the softVlare de~eloped ls cornmon to all of th.e tests • 

.. 
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A flow diagram for the prisrn-diplopia test is given in 

Appendix C along with the required switch reg~ster settings 
that enable the options included in the program. A copy of 
an original data plot along with its data listing, as typed, 
is found in Appendix G. 

When the phorometer was first used" the diS~iating 
device was fixed in place. It was soon realized t this 
was a cause of uncertainty in the starting conditi S Qf 

35 

the test. This was because the subjectJs eyes were dissociated 
for an indetermi~ate period befare the test was started. This 
was unavoidable because the subject had.to look through the 
phorometer while it was being adjusted. To Qvercome this 

1 
problem and to enable the time course of the phoria to be 
measured, a technique called the "drop start" was adopted. 
For a,drop start, the dissociating or other devices were held 
up out of sight until testing was to start. At that time 
they were released to fall in place in front of the subject's 
eyes. A voltage transient caused by the releasing solenoid 
was used ta signal the start of the test. 

.' 
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CHAPTER IV 

THZ PROGRAt1IŒ1) PHORIA TES'1'S 

'l'he phoria tests performed during this ~tudy were aIl 
executed under almost identical test conditions. The phoro~eter 

\'las never moved and the test distance and room lighting 
remained constant. Because of space limitations aIl of the 
tests were performed at a distance of 40 cm. The illuminance 
on the test target was 30 fc except for one r.:addox-rod test 
in which the room was in total darkness. The test target most 
frequently used was a large sheet of white paper with a 2 mm 
diameter black dot at its centre. The subject's field of 
view was so limited by the frame oÏ the stepping prism Uli.it 
that there wére no sie;nificant clues for binocular fixation 

~ 

other than the dot and the grain of the paper. 

The subject was seated at the phorometer with his chin 
in a rest. The chin res~ was adjusted until his eyes were on 
the same level as the centre of the rotary prism and the prism 
was moved laterally until the subject looked through its centre. 
If the subject normally ware an ophthalmic correction he was 
asked to wear it if ~t wer~ ha~itually used for near vision. 

If the subject were not familiar with the test to be 
performed,he was told 'Ilhat ta do and was sometimes given a pre­
liminary demonstration. ~e was advised of the importance of 
always looking at the motionless image and that he should 
resist looking at the other one. ~';hen using the dissociating 
prism, it was sufficient to say that he must always look at the 
lower image. The proper use of th~ p';1sh button switch was 
also deMonstrated and if he were to adjust the prism by means 
of the potentiometer, he was shown ho\'l it worked • ( 



-.~. 

:./ 

• 

37 

Aside from instructing the subject, the operator's 

preliminary duties were tQ place the graph paper in the pIotter, . 
start the program running, plot the corner reference points on 
the graph and set the switch register to indicate the desired 
actions to the comp-uter program. 

The operator was required to look at the scale on the 
prism's face before and after the test. If the prism were 
not set at zero power the operator set it so with the direction 
of approach to zero being from base left toward base right. 

This was necessary because of backlash calculations. If there 
- were no error in the prism's action during the test, the urism _ ,f 

would be found at exactly the same position at the end of the 

test. This ch?cking method was based on the principle of the 
check sumo A record was kept during the test, by the program, 
as to where the prism ought to be. The prism was returned to 
the zero position, with due respect being paid to backlash, 
a t the end of the test. The nurnber of steps nece!:H;fary to return 
to zero was caIcuIated from the prism's supposed position at 
the end of the test. Any errors in the prism's response du ring 
the test Viere shown if the prism were not found at zero. If 
an error were found the results were discarded. 

The results of the phoria t~st were recorded in two 
ways: (1) by means of a graph produced on the X-Y pIotter as 
the test proceeded and (2) by means of a typeout of the data 
wh en the test was concluded. Additional data analysis could 
be requested after the typeout and the results of this ~alysis 

were recorded graphically by the pIotter. Two auxiliary plot 
routines were developed during this study, one for aver~ging 
and the other for a special analysis called "delta-vergence". 
A punched paper tape was produced during the typeout. This 

" 

was used as input data for further analysis • 
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lt was found that the points, as plotted, did not ~ve 

a good picture of the results so it was usual to join them 

with an ink line before studying the graphe Since the points 

were àark blue a lighter colour was used so as not to obscure 

then. 
'fi. The typed data was ~resented in a single column with 

the signed number of steps from" zero preceding the time at 
which the response was made. The time was shown in tenths 
of a second. The length of the type out became "quite unwieldy . 
when many responses were made. The typeout served a useful 
purpose because sometimes the points were not properly plotted 

on the graphe 

An auxiliary routine which was particularly usefuL was 
that used to convert the data into a more readable forme A 

FORTRA1~ program Vias prepared to run on a larger computer, a 
Control Data 6600, and this took the data from the punched 

paper tape and converted it into the prism power in tenths of 
a diopter at thê time of the response. The number of prism 
steps corresponding to a given prism power is shovm in 
Appendix D along wi th the FORTRAN pr,ogram. 

1. THE PRlSM-DIPLOPIA TEST 

The prism-diplopia test was the first to be programmed 
for the phorometer. There was no special reason for this 

choice other than that i t seemed to be the easiest to set up'. 
At first,the 6A dissociating prism was placed before the eye 

not looking through the stepping prisme Later Savag~'s advice 
Vias followed and both prisms were placed before the--.;rame eye. 

Finall~ the dissociati~g prism was mounted in a vertical guide 
so that it could be dropped in front of the subject's eye at 

the start of the test • 
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The prism-diplopia test procedure was inadequately 

defined in the ophthalmic literature. It '.Vas therefore necessary 
to perform some preliminary studies to determine the most 

, 

reasonable test procedure. The results of this study have 
already been published. 22 The conclusions were that the 
fastest operating speed consistent with the subject's ability 
to respond gave the most phoria information. Time delays, 
whenever necessary, were best kept to a minimum and the 
cancellation of the phoria should be approached alternately 

from opposite directions. 

The cycle chosen for the test was: (1) to make a 
continuous change in prism power in one direction until the 
subject indicated alignment by actu~~ing the switch; (2) to 

~ 

record the prism's position and the elapsed time since the 
start of the test whenever the subject actuated the switch; 
()) to instantly alter power by 50 steps in the same direction 
as the prism's previous motion and (4) to change the prism's 

~ 

direction of motion and proceed as in step (1~. This cycle 
was repeated until the test was stopped by the operator. 

The name "offset jump" Vias coined to describe the abrupt 
change in prism power which occurred after the s~bjeci's 
response. The amount of the offset jump was always 50 steps. 
Starting the jump from zero power, this corresponds to 4.6~. 

The operation of the system is best understood by èeans 
of a descr~ption from the point of view of the subject. 

The subject saw a black dot on a field of white. Suddenly 
two identical dots were seen, one directly above the other. 
The double images were caused by the dropping in place of the 
dissociating prisme Shortly thereafter the upper image jumped 
to one side of the lower one and then began to move toward 
alignment again. When the im~ges were aligned vertically the 
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cubject pushed the switch rnomentarily. The upper image was 

then -seen to move to a ne','\' position by an offset jump having 

the same direction of motion as before. After this the dot 
remained motionless for about 0.5 sec and then started to move 
back tmlard vertical alignment again. The rate of movement 
was about 2. Ol5./sec. ':ihen alignment occured again the subj ect 
pushed the switch, the offset jump \'las made again only this 
time in the opposite direction to the prevlous one. The test 
continued in this way-until the operator stopp~d the test by 

depressin; the space bar on the teletypewri ter. The subject 
then saw the dot move to one side until it stopped and the 
test was over. 

A set of resul ts for 5 subj ects 'is sho ... m in Figure 7. 
They are tynical in that they aIl show a fairly rapid change 
from zero ta sorne final value V/hich is relatively stable. 

The curve for D.S. has drifted ta J.56 of exophoria after 7 sec 
have elapsed. Thereafter the average value is J.8l\. with the 
standard deviation being O.4A. Subject J.C. Is seen to take 
longer to arrive at a stable average value. It is reasonable 
ta assume that the initial drift from zero has finished after 
37 seconds. Since the average value is in the order of 6.5A 
it might be assumed, incorrectly, that the longer time was 
required because the phoria was greater. The curve for B.A. 
shows that there is no necessary relationship between the 

amaunt of heterophoria and the time required for the subject 
ta arrive at this value. It took B.A. 17 sec to reach his 

average phoria of 11~. 

As an example, the' type out of data for subject J.C. is 

sho\'m 'in Appendix E. Ta conserve srace the li st was arranged 
into columns. The same data arranged by the ?ORTruu~ prog~am 

is also shawn. 

\ 
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Figure 7. Phoria measurements for 5 typical subjects. Prism-diplopia 
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Sone atypical resul ts are shovm in ligures 8 3.nd 9. 
B shows two subjects who were esophoric and ~ho, it 

was later discovered,'had suffered from converGent strabismus 

1.j.2 

as children. Subject J.L. had been operated on for the condition 
and neither subject showed any obvious sign of excess conver~ence. 
The thins that rnakes them atypical is the instability of the 
phoria. For example, subject J.L.'s initial phoria is 9~ after 
5 seconds. There is then a decrease in esophoria until 120 sec 
later the 'average value ls about 3A. In the case of J.F., the 

phoria's initial value of lIA soon falls to about 8.5A and th en 
rises again until it is in the order of 13~. This rising and 
falling continues thr?ughout the test. 

The resul ts for two exophoric subjects are shown irt. 
Figure 9. The curve of A.L, iSr considered atypical because of 

-, 

its zig-zag form. This response pattern is not invariable as 
can be seen after 140 sec have elapsed. The response curve .., 
of W.L. is remarkably continuous from 7 to 45 sec after the 
start of the test. Thereafter it becomes very choppy and 
shows a reduction in exophoria of 4A. An interesting observation 
is that if xhe straight portiori from 7 to 28 sec is projected 
backwards i t intercepts zero time at zero prism pm·fer. 

II. THE FUSEIJ-Ir.:AGES_ TES'I' 

The test described by the name "fused-images" is a new 

procedure which can be applied to the me~surenent of lateral 
heterophoria. The characteristic which sets this test apart 
from aIl others is that it does not use a dissociating device 
and yet the subject is in a state of diplopia most of the time. 
The means employed to disrupt fusion, and thus force a dissociated 
position to be adopted by the eyes, is the offset jump. When 

the prism's power is changed quickly, as it is during an offset 
jumpt the vergence system doe~ not have {ime to respond and so 
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for a short time the subjcct will suffer diplopia. 

In the fused-images test,the subject actuated the 

switch whenever he saw only one image: that is to say when 

fusion had occurred. Shortly thereafter an offset jump ~as 
made at which time two images were seen again. Immediately 
after the offset jump, the prism began moving, at a rate of 

2. 4A/sec, toward i ts power just before the jump. \\Then fusion 
occurred again the switch was actuated and so on till the end 

of the test. 'i'he offset jUr.1pS were performed on alternate sides. 

Afl of these operations were performed at the highest speed 

consistent with reliable o~eration. The program~ing for this 

test method was similar to that already described except that 
no delay was made between the end of the offset jump and the 

return toward ali~ment of the images. 

During this test the images are dissociated most of the 
tlme and the quicker the response to fusion the less the images 

will be fused. This test requires that the subjeet remain 
alert otherwise the moment of fusion will be lost. From the 

subject's point of view the test is rather like a garne in which 
Othe obj eet Is to always see double. A 'subj eet whose vergence 

is moderately stimulated by this procedure will make about 1)0 
responses during 175 seconds. 

This test procedure presents the subject with a vergence 

stimulus of about 5A every time he actuates the switch. With 

each repetetion the vergence stimulus 15 ih the opposite se~e. 
, ........ 

It is obvious that this test is more a test ~f vergence 
responses than it i8 a test for lateral heterophoria. The 

remarkable thing is that it gives average value~ that are 
similar to those found by conventipnal phorometry • 
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Figure 10 shows fused-images results for t\'lO subjects 

who were typical when tested by ~he prism-diplopia method. 

Subject D.S. is typical of those who were responsive to the 

stimulus for a vergence change whereas V.V. is remarkable in 

that the stimulus seems to have been ignored. In fact V.V. 

46 

'~ehaves as if the images were dissociated by a dissociating 

device. Both of th~se subjects had normal vision without 
suppression so this behavioral difference was a characteristtc 

of the subject and was not due to sorne visual defect. 

Each of the subject's responses is plotted as a point 

on the graphe The treatment of the test results is shown 

ln three sections, each occupying one third of the graphe 
The responses alone· are shovm ln the left hand section. The 

responses and the,prisr.1 power at any given time are shown in . 
the centre section. The right hand 'section shows the responses 

joined by a line point to point. 

The joining together of the plotted points does not 
r 

always serve a use fuI purpose, as can be seen in the case of -

D.S. In order to extract meaning from a graph,it is much 
better to plot the midpoints between successive responses 

- .and to join these points together. This method of plotting' 

has been adopted for aIl fus~d-images phoria results. The 

actual plotting of the points was p~rforrned by the computer. 
Response n was algebraically summed with response n+l and the 
result was divided by 2 to obtain the mean, or midpoint. This 

value was then plotte,9- at time n+1. 

Averages al one do not describe the subject's response 
to the vergence stimulus. Since this test method'had never 

existed before, it.Vlas necessary to create a rnethod for showing 

the vergence change which had bee~ sti~~lated by each offset 

jump. The method adopted was giv~ the name "delta-vergence" 
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because it consisted of a graph showing the magnitude and 
direction of the change in vergence. Delta-vergence was calculated 

by subtracting the response value at time n from that at time 
n+1 and then plotting the result at time n+1. If there were 

no chan~e ~n vergence the value plotted would be zero. The 
phoria ~'Iould not be shovm through this graph but if there were 
a phoria change i t Vlould ~l ter the deI ta- vergence values 
somewhat during the change. 

An example of one subject's results re-plotted to show 

the midpoints and the delta-vergence is found in Figure 11. 
: jone of the original data is lost in this presentation. A 
phoria graph for this subject has already been presented in 
Figure 9. The phoria yalues obtained from the midpoints plot 
are seen to be simllar ta those obtained by the prism-diplopia 
test. Plotting details are shown in Appendix F. 

III. rrHE AUTOl.iATIC COVER TEST 

The results obtained with the different phorometer 

configurations were by no me,ans clear cut. r.iethods which 
seemed to be a~ove suspicion were found to be inherently 

variable. For this reason, it was decided to int~oduce the 
cover test as a means of determining the subject's true phoria. 
~ith this objective a computer-controlled cover test was 
devised. This was given the name of "the automatic cover 
test". 

other 
It will )e r~called that the cover test differs from 

phoria mel~urlng methods in that one eye 'is blocked by 
a screen in order to produce dissociation. Fron time to time 
the cover is removed for a moment and then replaced. Vlhen the 
eye is not covered the subject is supposed to estimate th~ 

relative position of the dissociated images. The rotary prism 

must then be adjusted to eliminate any rnisali~ent perceived 

-
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and the prism pov:er that eliminates the rnisali.;;nment indicates 
the aMount of the phoria. The supposed merit of this method 

is that for most of the time there ls no stimulus for fusion. 
Sometimes an additional dissociating device is used as in the 
case of the scre en-I,:addox rod test. 

The phoro~eter was modified to perform the autonatic 
cover test by providing a remote control system for adjusting , 
the prism's power and by adding a solenoid operated screen 
which was placed before the phorometer unit. The prograrnming 
was modified to suit the test procedure. ' i, 

During the automatic 'cover test,the screen was removed 
from in front of the eye for 0.5 sec and th en replaced. The 
subject adjusted the potentiometer, duripg the J sec in which 
the screen blocked his eye, so that the images were in closer 
alignment when the eye was next uncovered. The prism's power 
was recorded just before the next u:'1covering and i ts numerical 

value was plotted at the time of the previous uncovering. This 
cycle of uncovering and covering continued until the end of 
the test. 

A series of identical recorded values indicated that 
the subject had brought the images into perfect alignment. 
To so~e extent the rate of change of val~es could be construed 
aG a measure of ho\'l far out or ali~ent the images were. This 
i~terpretation was only valid for ~ skilled subject. Because 
of this,the ~ata is only ~ignificant Vlhen two or more phoria 
values in sequence are identical. This ind,icates that the subject 
was satisfièd with the correctness of the previous setting. 
Joining the points together, on the graph, does not nec~ssarily 

J , 

indicate the time course o~ the phoria. In spite of thi~the 
automatic cover test curves are similar to those plotted by the 

other methods • 
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Typical results obtained with the automatic cover test 

are shO\'ffi in Figure 12. (Other results for subject A.L. are 
shm'm in Figures 9 and 11.) A 61:.. vertical prism was used 

~ __ as supplementary dissociation in a.ddi tion to the screen. 
starting position of the prism was not exactly at zero. 

The 
The 

51 

changes seen between 35 and 40 sec, on A. L. 's curve, are 
probably'due to an error in the adjustment of the potentiometer. 

The autœnatic cover test was performed with and without 
supplementary dissociation. The test without additional 
dissociation \'las found satisfactory but when the images were 
aligned to ','Ii thin Panum' s fusional area the dispari ty could 

no longer be perceived. 

IV. Th'E SEQUEI!TIAL ;.ïEASUREr.:ElIT OF FIXATION DISPARITY 

The computer-controiled phorometer was aiso used for 
the determination of the associated horizontal phoria. Mallett's. 
test for fixation disparity was used in conjunction with the 
potentiometer control of the prisme The disparity test unit 
is sho\'m in Figure 1 J. The subj ect wore polarized glasses 

" durin~ the test. AlI detaiis were seen binocularly with the 
• f 

e;:ception of the tv/o vertical Iines of lie;ht seen above and 
below the' X in the central circle to the left. Of these lines 
one was seen only by the left eye and the other only by the right. 
These lines \'Iere in perfect vertical alignment sa if they were 
see!1 ta be out of alignment it \'las due ta a fixation disparity. 
If a dispari ty \'lere seen i t could often be climinated by forcing 
the subject to change his vergence. This was done by adding 
lateral prism power before the subject"s eyes. In this study 
the forced change in vergence was produced by the stepping 
prism. The subj ect adjusted the prism' s power, by' means of '~ 

the potentiometer, until he saw the lines in vertical alignment • 
The prism powe-r at alignment Vias taken as the associated 
horizontal phoria. 
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Figure 13. F,ixation disparity test unit. ~he vertical 
lines within the dark circle to the left are those used to 

\ 

determine the lateral disparity. The plastic rod to the left 
of the circle supports the light emitting diode used as the 
object for the Maddox-roQ tests. The lamp within the box was not 
turned on du ring the Maddox-rod tests • 



Phoria plots for 3 subj ects are ::>horm in Figure 14. 
The points are not joined together because, in nost cases, 
they are closely spaced: As in the case of the automatic cover 
test, two responses in a row with the same value indicate the 
phoria. The subjects were chosen ta show different degrees 
of variability in the response pattern. ?he heterophoria 
oi' subj ect V. V. has alrea~y been sho\'m in Figure 10 where i t 

'.'las determined by the fused-images method. Subject ·J.L. shows 
a remarkable difference in phoria compared wi th that determLYled 

by the pris~-diplopia method as seen in Figure 8. 

In arder to measure the. associated phoria sequentially, 
it was decided that the current position of the pris~ should 

be recorded every second. ~hus, after~tarting the tes~, the 
subject adjusted the'prisn to obtain alignment and the prism 
pO':ler Vias recorded at one second intervals. 

v . THE !ENS DROP PHO?Œ;ETER .. 
Once the system for the prism drop had been constructed, 

it VIas natural to extend its use to include dropping lenses. 
':L'he synergy between accommodation and convergence has already 
been mentioned and this is often used to determine the AC/A 
ratio. If one were able ta drop lenses in front of bot~eyes 
so that a sudden change in accommodation were required, the 
response to this step change should be a phoria change 

proportional to the AC/A ratio. In order to see what would 
happen when this was dane, a second vertical slide unit \/as 
placed before the other eye. A -1.0 diopter lens was installed 
in each ca't'rier and both \Vere held up by the soJ.enaid clamp. 
'::hen the clamp was opened, the lenses dropped before the subject· s 
eyes. rrhe fused-images test method was used because there 1; 

\'las no place left to put a dissaciating device. ' 
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\J\ 
\J\ 



• • 

• 

\~ 
56 

The test vIas perforrned as a normal fused-images test 

until one minute had elapsed. At that time the lenses were 
dropped and otherwise the test continued without interrl,1ption. 
When the lenses were dropped,the eyes were forced to' increase 
their accommodat~on by 1.0 diopter. The'amount of accommodation 
required of the subject,throughout the test,could be adjusted 
by the addition of ophthalmic lenses in a trial frame • 
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RESULTS AUD COIIiPARISOi'lS 

I. VARIA13ILITY 

The results obtained \/ith the computer-controlled 
phorometer show a certain amount of variabili ty. 'fradi tional 
met.hods of measuring the phoria also ShO\'led this but to sorne 
extent it was masked by the lack of ~recision in the rneasure­
ments made. Gross phoria changes nay be due to slewing toward 
an ultinate value or else to an lnherent instability. 

The variability caused by errors in judgenent or 
habituaI response patterns can cause local variations in the 
phoria. The subject's reaction time plays a part in this. 
Local variations in the values recorded have already been 
commented on in a recent publication. 22 

If the phoria amounts to more than a few prism diopters, 
there will certainly be an initial slewing toward the typical 
phoriaivalue. \'lhen this slewing is finished,the phoria May 
be stable or unstable depending on the individual. If the test 
ls repeated immediatel~ the subject r~peats the same pattern 
of change even though the numerical values recorded may not 
be identicaL. If the test is repeated after a considerable 
lapse of time,the same pattern of change is seen and the 
n~~erical values found are similar to those previously recorded. 
On the other hand, a change in the t~st procedure can cause 
a considerable shift in the subject's response pattern and 
in the' values recorded. 

........ 

If tests are repeated after a short lapse of time, say 
ten minutes, the recorded values are often similar to those 
shown in Fieure 15. Here two subjects have repeated the prism­
diplopia test after a delay necessitated by the completion of 
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Figure 15. Lateral heterophoria tests repeated after 

10 minutes. The prism-diplopia method with the prism drop start 

watl used' in both tests . 
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one test and the start of the next one. It can be seen that 

the repetition did not alter the response pattern ta any extent. 
At the same time, i t must be remarl<::ed that there i8 a real 
alteration in the rccorded values durinG the course of any 
one test and that local dissinilarities can be quite considerable 
evcn though they may occur about so~e mean value. 

If the tests are repeateq after a longer time delay, 
such as is sho\'m by the curvcs of Fi,~ure 16, i t is abviaus 

~~hat the variations are of the ~ame ordèr of magnitude as those 
found after a mininum delay. Differences are seen but they 

are no Greater than those found after short delays. An examp1e 
of this is gi ve'h by the t':IO curves of subj ect U. L. in Fieure 16. 
Although there is a lateral shift in one of the curves, it can 

be seen to be due to an arrest in the initial sle\'ling of the 
eyes during the first 7 seconds. If the curve is shifted 1eft 
to elimirtate this,the graph looks sirnilar to Figure 15. 

As a general rule., a single test will reveal oost of the 
characteristics of the subject's phoria. Rèpeated testing 
shows only minor differences from the first test, but if unusually 

larGe chanees occur during the test,it is weIl to repeat it 
because these nay not occur again. This rule is probab1y true 
for a manually operated phorometer but TIith such phorometers 
the procedure and the timing are not controlled and chanses 
in these can cause changes in the phoria. 

II. CO;.iPAP.IS(US 

rnh-J, ' l e pnorla results obtaincd by different test nethods 
are best evaluated by Means of ~raphical comparisans. This 
method i8 also good when comparing the reGnonse patterns of 
àifferent suoj ects to the sa:7le test. ':L'he comnarison T'.1ethad 
of ana1yGis has been found to be very revealing, particularly 

with respect to the degree and Auality of dissociation 
associated with a particular test method. 

• 
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Pris;:l-di ?lonia o..nci [used-i 'la:;es. 1:'1 sone crases, the resul ts ' 

obtai~ed by the pris~-dirlopia method and the fuscd-ima~es 
rwthod are qui te o::imilar. rrhis can be seen in ?i6ure 17 v:hère 

the results for two subjec~s have been'obtained by bath ~ethods. 

Althou~h subjectA.L. sle~s faster initially by the prisn-diplopia 
nethod, the values rccorded are simllar after 80 seconds. 
This is also true for subject D.S. except that the initial 

chan~e is over after 8 seconds • 

Examples of t""lf> subj ects whose phorias are qui te different 

are shown in FiGure 18. The curves for "L.? are in so:ne respects 

similar but the average response by the fused-images method 

is seen to be more esophoric by about 2â. In the case of V,V' f 

the difference is more marked and, is in the order of 5~ more 

exophoric. The prism-dip~opia curves for both subjects are 

seen to be qUite,siMilar. This denonstrates that the use 
of only one test method does not give as rnuch infornation 

abo~t the fubje~t as these two differe~t tests do. Subject 
L.F. complained of asthenopia while V.V. had no visual problems. 

A portion of -the record pf V.Y. is repe.?-ted in the right 
hand graph (.s) of ~'isure 19. r.rhe upper graph (A) for the srune 

subject 'sho~S the delta-vergence analysis applied t~ the 

!used-images method data. The subject's vergence system is 
, . 

evidently not ~timulated by the offset jumps. The data on the 
,left hand side of the figure shows the same analysis applied 
to another Gubject. Subject J.G~ is seen to be strongly 

stimulated bY'the offset jump~~~ 

The delta-vergence analysis procedure may be used out ,... 
of i ts original context lS O'.'m in Graphs ~(Ç) of the same 

,) " 

fi~u~e. e prism-dinlania meth6d has 
been analysed as if it 

~ethod. It is interes 
portions A and C are 0 

been eathered by the fuscd-i~aGcs 
D 

to note that the curves seen în 

for the two subjects~ 
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Dissociated nhoria vii th ~ \'li thout stnrtin,O; offset. 

'l'he procrar:mlÎng of the pharoneter. enabled a start ta oe r.1ade 
from sorne prise value other than zero. It was also possible 
to reTI'ain at th:i,.s value for a pre-deterrnined time. ;'Ihen the 

" subject ,started the proe;ran by actuating the switch, the 

65 ' 

amount of the offset required '/las read fron the svli tch register 

and the prism was ~lewed to that value. If a time delay 
request were also found, the teletypewri ter bell \'/as rung 
to indicate the start of the timed i)'lterval and \'las rung 

again to indicate its end. The phorometer progr~~ began ta 

be executed after the second bell and it co~tinued until 
terminated by the operator. 

The results of an experinent using a starting offset 

and a time delay of 10 seconds are shown in Figure 20. These 
indicate that thé presence of lateral prisn before the eyes 
can alter the response pattern even though the subject's eyes 
are dissociated. The implication is that the eyes were not 

completely dissociated. Tv:o starting offsets VIere us~d! 11.6/l. 

eso and 11. 6~exo. The phoria curves found wi t,h these starting 

conditiohS are shown aiong with the curve measured without a 

starti~ offset. From an inspection of this figur~ it is obvious 
that looking through a fixed lateral prism can alter the time 
course and the ultinate value of the phoria •• This has great 
practical signifièance because du ring conventianal phorometry 
the prism must be left at a fixed value from time to time. 

dot aIl subjects respond to the preGence of lateral , 
prism in the same way. This is illustrated by Figure 21 in 

which subject V.V., who generally gave steady results and 
often appraximated orthophoria, ~':as obliged ta look through 

a startin~ offset of 1l.6A e~o for 53 seconds before the 
. -"'-. ' 

test was started. It is remât-kable to see that his îirst 
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response \'las "oin a, direction showing that he. had a greater eso 
deviation than ViaS necessary to align the dissoctated images. 
The test was repeated with the starting offset in the exo 
direction and the results VIere a mirror image of those shown 
in FiGure 21. The curve for no starting offset shows that 
after the initial slewing of the phoria the starting offset 
had no further effect. It is worth remarking that the subject 
\'las unaware of the purpo,pe of this experirnent and that no 
instructions were given that might have made him try to 'fuse 

the dissociated images together. After the test he stated, 
still without prior knowledge, that the images tended to line 
themselves up but were seen to be continuously moving into 
and out of alignment. 

Cover,test. The automatic caver test gives results 
which are particularly interesting because the cover test is 
generally considered to be the closest to the ideal. Results 
for J subjects are, seen in Figure 22. Subject C.P.'s results 
are for tests repeated with a MiniI:1UIil of delay whereas those . 
for V.V. \'lere separated,by an interval of 7 days. 

A comparison of the three çurves shown for subject J. F. 
,brings out an interesting point. The fused-images test gives 
results closer to the caver test than does the prism-diplopia 
method. 

The resul ts ShOVffi in Figure 22 were obtained using a 
6~ dissociatirg prisM but,it is also possible to perform the 
test without this device. Conparative results for two subjects 
are sho;'m in Fi~ure 2). This figure proves, beyo~d any doubt, 
that the caver test does not dissociat.e the images comple,tely. 
If this \~re not sa the sioue of. the uhoria' çurve \'li th and - - . 
without supplementary dissociation wou Id be the same • 

. " 
rJ 



.. • 
C<./ 

• 
12 .. STARTING OFFSET 

.. 
(ESO) 

:> 

1:1 L SUBJECT V.V. 

-<J - 6 
.cr: 
H p::, 4 0 
:I: • 
Cl. 0 
g ~ 2 t ESO START 
.~ 

8 
~ 

0 :I: 

O 1 t.r" 1\ • r-. <'! 1\ • Il 1 { , 1\7 \Lw \r\" 1 \ • 

• 
~2 
~ ZERO 

o 20 40 60 80 100 120 140 160 

TlME (SECONDS) 

Figure 21. Prism-dip1opia results for a subject who in one case, shown 
by the top curve, was obliged to look through an 11.6~ lateral prism for 53 
seconds before starting the test. The bottom curve shows the results when the 

~ . 
subject did not look through the lateral prism before the start of the test. 

'. 

~ 
CP 



• 

\ 

.. 

• 

,-

. 
0 2 
CI.l 
~ 

COVER TEST SUBJECT C.P. 9/3/73 

0 
SECOND TRIAL . 

0 2 :><: FIRST TRIAL 
~ 

4 COVER TEST 

ci 2 
SUBJECT V.V 

CI.l 
~ 9/3/73 
- 0 

2/3/ 

<J 
20 

~ 
H SUBJECT J. F~ 
~ 
0 18 ::r: 
~ 
0 
~ 
ril 
E-i 

16 COVER TEST 
ril ::r: 

1'4 FUSED-I~1AGES 

12 

10 

8 

. 
6 0 

CI.l 
J ~ 

/\ / " ,r, 
'- - -- '\ / '---y-- 1 \ / \' / 1 

1'---.// PRISM-DIPLOPIA \_~ ' .... _/""0 ", _.,. 

'.J 

4 

0 60 80 100 120 140 

TlME (SECONDS) 

Figure 22. C,over test results shown for 3 subjects. The 

curves found by two other methods are given for subject J.F. whn 
had a history of strabismus . 

-. 

~ , 



• 

• 

0 2 Ul 
ri! 

0 

· 0 2 :x: 
ri! 

4 

6 
<l 

< · H 0 2 ~ Ul 
a ri! 
:t: 
Pf 

0 ~ 
~ 
8 · ~ 0 2 
:t: :x: 

ri! 

4 

6 

8' 

10 

12 

0 

\ 
\ 

\ 
\ 
\ 
\ 
\ 

\ 
\ 
\ 

70 

i 

SUBJECT O.S. 

, 
" "-", _r--. ' 

l ""'--\ r-, l '-~., , _ _ r-........... -' 
., ,) ........... -' -, ,---" 

SUBJECT G.D. 

COVER TEST (PRISM-DIPLOPIA) •• • • 

COVER TEST (NO DISSOCIATION) ,"" • 
PRISM-DIPLOPIA (CONTINUOUS) (- - ---

") 

<" .......... 1 \1\ 
, ~', 1'-- 1 

" r{!I , '"" '- ___ J 

20 40 60 80 100 120 140 

TIME (SECONDS) 

Figure 23. The cover test with prism-dip1opia dissociation 

and' w·i th no dissociation. The phoria measu:ç-ed by the prism­

diplopia method with continuous adjustment is shown for comparison • 
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Prism-diplouia test results are also shown in the 

figure. It is interesting to note that the phoria round by this 
.... 

test is ~t the sa~e as that found by the cover teGt. In the 

case of subject D,S~ the prism-diplopia method shows the phoria 
to be aoout 2t. less than that found by the caver test. The 

prism-diplopia phoria for G,D. is, in general, rreater than 
that founâ by ~he caver test. This illustrates the difficulty 

in determining which test method gives the "true" value of 

the phoria. 

Continuous alignment. If the cover test pro gram is 

used without the cover screen but with the dissociating device, 

the test becomes one in which the subject can keep the images 
in aliVlr:1ent at aIl times. The caver test program ','/as modified 

,so that the screen was held open throughout the test. The 

prisM's power \'las recorded at 1 sec intervals. Phor:'é1. curves 

obtained by this method are shovm in Fig~e 24. T'Ilo of these 

have been repeated in Figure 2J. 

When the~e results are co~pared with those obtained by 

the prism-diplopia Method,they are seen to be ~uch less 

variabie. As an example of this compare t'he curve for \'l, L, 

with those shawn in Figure 15. trhe average phoria for this 

subject is 4~ less by the continuous alignment method. On the 

other hand,the results for D.S. are similar by these methods. 

An interes~ing respons~ pattern is ShO\ffi by,C.P. because for 

40 seconds the same phoria is maintained until,aÎter an eso 

increase of short duratian,the phoria shifts from 2~ eso ta 

2.6 exo. '.L'his illustrates the value of rèpeated neasurements. 

~:ithout thcm,the phoria would have been considered ta be stable 
at 2t. of esophoria . 
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Associated horizontal nhoria. Phoria data found by 

the fixation disparity method ~s shavm in Figure 25. It i3 
interesting to compare the cover, test results found in Figure 
22 with thase in F~gure 25. Certain similarities can be fpund 
in the results of V.V. ~nd C.P. On ~he other hand the results 

o 

already seen fQr J.L. are quite different ta those found in 
Figur~ 25. Subj ect i.':.A. is remarkable for his consistency and 
acuteness of judgement regarding the precision of alignment. 
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So~e discussion of the results has~~lready been ~ade' 

in the preceding ch2.pte~~., t 'l'his c;hapter is devoted to finding9 
oi' special interest. Theze' include observ<;ttions on strabisr.lUs, 

"dissociation and the- effect of acco~modation changeq on the 

phoria. ~eteroph6ria i3 re-defined and new ways to measure it' 
are ,considered. 

1. FINDIIIGS OF SP.c;CIAL IdTERES'f 

Findi'1gs of special' interest have been made during 
this study. These were entirely unforeseen. ·Those sin;led 

out for presentatio~ here'have sorne clinical significance. 

31: ra bismus • Purely by chance, two su bj ects Viere tested 

who nad, a histor'y of strabismus dating from their childhood. 

Eoth subjects were in their early twenties. The phori~ results 

for these subjects were so different from the rest that it 

prompted an enquiry into their visual history. When it was 
foun~ that they were prone to strabismu~they becarne the dbject 

of a special study. One of the subjects, J.L. had undergone 
Q an operation for the correction of convergent strabismus, Iwhile 

the other, J.F., had'never been treated surgically. 

The phoria measurements for. subject J.F. are shawn in 
Fic:;ure 26. The de!! ta-veI'lgence analysis of this data is found 
in Figure 27. ' The upper. D,art of Fieure 27, marr:ed t71 ) .... ....,. 

1 .• U~ J:>ELTA-

VERG~ \CE, ,s.ho'Ns the deI ta-vergence analysis aDulied to the, 
~ 

fused-images data. 
1 

Compa.ring this \'Ii th Pi~:;ure 19 J parts A,> 

it seems that J.F. 's responses are unusually vari~ble. 
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The 10\'lcr graph ~n .rit~ure 27 is an analys is ot/: the 
, 

prism-diplQpia data by means of the delta-vergence procedure. 
The results of this ahalysis are not, of course, based on 
the sane' test conditions R8 those shoi'ffi in the upper graph. 
The interpretation of the results of the analysi8 is'not as 
simple as in the case of the Lused-images data. A subject 
\'ll~se phoria was steady and who made no errors in his resp 
to aligrunent would have t'Wo delta-ver[;ence curves, one on 

'. 

each s'ide of the zero line. The curves would not fall on , 

that line because of th~ suHjec~'s reaction time. If th 
" 

curve::; vIere not straight lines 'i t could be because there \lere 

., 
78 

variations in the subject's estimation of the moment of 
alignment. If the phoria were to vary between rneasurements, 

this wou1..d. be reflected ,in" variations in ~he curves. Ano.ther 
:possibility is that the test conditions stinulated the subject' 

to nake a change in vergence even though he was dissociat~d. 
In J\ F . 'S case, the curves are somewhat differen,t to those , 

éllready shown in Figure ,19, parts C: In particular, i t should 
be note~ that a divergent stimulus results in a convergent 

• t 

posture of the eyes and y1ce versa. 

The data .of J:.L. has been treated in the srune V1ay as 
, ' 

~h~ of J.F. and the results are ohown in Figures ?8 and 29. 
T~e delta-vergence analy~i3 applied ta the fuse~-inag~s data 

t'..gi veG a pictnre of, a remarkable vergence' syster.1. 

analysis i8 applied to the prisrn-diplopia data;the 
not unlike those of J.F: but are more extreMe. 

i'ihen this 
results are 

'. 

, rl~he, resuJ:ts shovm 'in Figure, 29 deservc s:geeial cemment 

because the ~ubj~ct behaves as if a stimulus for conve~genc~ 

resul ts i,n di vergence and vice versa. 3ince 'thip ihterptetation 
will undoubtedly be qucstioned, the original data and graph Co 

are Eiven in Appendix G. A prisn~sition plot is included 
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to Drove that the results arc not due to ~n error of 
Llterpreta tion.. Another chcc~.{ on the validi ty of the data lS 

that it ls impo~iole for the rcsponses to pass the arnount of 
the offset jU,np. This can only a~pear to happen if the 
offset junp Iimit on the other side of the zero line is crossed. 
If t'he subject \'lere to converze by more than the amount of 
the offset jump,.lTe would be on the wrong side of the subsequent 

. vergence change and the prism change wou Id '!'mke him even 
more out of aIignment. It is also unIikeIy that his vergence 
could chance with such a speed that he could "oe converged by~ 
T.lOre .than the offset jump. 'l'he prism-diplopia data, when 
a~alysed by th~ dclta-verBeace procedure, shows that the 
,subject diverges wheQ a stimulus to converge is presented. 

" ' 

This serves to confirm the analysis of the results. The 
contradictory responses ar~ less êxtreme but this May be due 

to dissociation reducing the respoDse to the stimulus. 

Piiure JO shows so~e additional test results for these 
t\'lO subjects. The upper graph shows the fixation dîsparity 

'test l'esul ts for J. F. while the' fower sho':;s bath dispari ty and 

cover test results for J.~. It is interes"ting t-o note tliat 
these resul ts ar'e nore of t'en than not oh the exophoria side 
of the ~raph. "This ,is opposite to the results ob'tained by 
the fused-imaGes and 'prism-di plopia methods. 

1 
The ~esults for J.L. show two unusual features: (1) at . , " . ' 

tHe start of the fi~:ation disp.ari ty te~t, the subject was in 
a state of dinlopia for 18 séC and (2) during the first 40 sec 

1 -

of th~ cover test the inaGes Were 'seen in 'perfect vertical 
~ , 
ali8nr:1e:rt. r.fhese re3P?nS~S we:re qui te abnornai. ",,'hen the 
'co~er te~t results we~e seen to be constant the operator 

, 
altered the potentioneter settin~'as can be seen iri the figure. 

, , 
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Thereafte~the original phoria value was never repeated and 

·there is every evidence that the subject was capable of 
juèging alignment throughout the test. 'Ni th regard to the 
diplopia~it is strange that a test in which aIl binocular 
clues are presen~ with the exception of two vertical'lines, 
should give rise to diplopia,whereas in the cov~r test, where 
the intention is to eliminate fusion, the subject's vergence 
locks itself into a fixed value. After the cover test~the 
subject was asked if both images were seen during the first 
40 ~econds and the answer waè yeso Therefo~e,the results 

cannot be said to be due to suppress~on. 

Dissociation. The resulys of this study show aspects 
.:J 

o~ dissociation which are of,great practical importance in 
phorometr-y. Three observations about dissociation can be made. 

These are: 
1. The phoria response pattern elicited froc the subject 

by différent test ~thods ~iffers from subject to subject • 
2. The amount of lateral prisrn which the subject 

looks'through may influence the valué of the phoria and its 
time course. 

3. The way in which the subject looks at the Qissociated 
images during the test may alter the phoria. 

~ , 

The proof of the' first observation ~s 1;0 be found in 
Figure 31 in which a variety o~ phoria tests have been 
.performed by two subj ects. Four different test methods are 
shown for C.P. and 5 for M.A. Among th~ subjects tested C.P. 
was found to ei ve consistent phoria valu.es of approximately 

'WIthe same 'magni tude.' On the other hand I\1.A. had' dissimilar . ., . 
reS'ponse pattenns for each rnethod. Tests common to both subj ect,s 
werê the assbciated phoria, the cover test with,prism-diplopia 

dissociation and the r.~~dox-rod test in the dark using 
continuous alignrnent. The I\~addox-rotl test wi th the room lights 

" .. 
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Figure 31., Phoria results'obtained by differeqt means 

of dissociation as well as by fixation disparity. 
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on vIas performed "by C. P. but :.1. A. could not ào this "",ecause 

he could not see the vertical line of light throu~h the 

r ~~ddox-rod. Two other methods are shown for J\;.,A. These 
are the prism-d'iplopia: test u'sing the offset jump and the 
same test using continuous align~ent. 

A eomparison of the results for these two subjects 

shows that the response pattern elieited by a particular 
mean~ of dissociation and test procedure is a characteristip 
of the subject and not necessarily of. the te~t. It is also 
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e lear tha t a te,st that gi ves a minimum phoria for one ~ubj eet 

may gi ve a maximum for another. The r.iaddox-rod ,test performed 
with the lights off illustrates this as does the associated 
phoria. 

" The resul ts for subject î,~.A., shown in Figure Ji, are 

enough to discourage anyone from making generalizations on 
the meri t~ of the different methods of dissociation. This 
subject cl'à\med to have "funny eyes'" and compared to C.P. 

his evaluotion.would seem to be correct. His Most striking 
characteristic was the abili ty to perform the associated phoria 

80' 
test with great preci9ion. This can be seen by the fine 

adjustments that hé has made during the course of the test. 
Three curves are shoy~ for t~sts in wpich a vertical dissociating . 
prism was used. Of these,~he most erratic is that of the, 
original prism-diplopia method. ~t first glance, one might 
say that this showed the offset, jurnp to be an undesirable 
fe~tuYe,but if one looks at the cover test results it~s îound 
that bath curves are similar for the first 50 seconds and 
show' the saine general trend thereafter. Since the ,~over test 

Is often considered to b~ thè "ideal" this speaks favourably 
for the' 'prism-;-diplopia raethod. ':/hen the prism-diplopla 

dissociation ls use~,but the adj~stment is made continuously_ 

\ 1 
1 1 . \ 
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the phoria curve i8 quite unlike that of the caver test. 

This serves as additional proof al the second observat~on 

nade above. The retention of the startinb phoria- for 12 

seconds and other features suggest that association occurred 

even tho~gh the ima8es were dissociated. That the offset jump 

can serve to disrupt the association of' the images ls obvious 

when the offset jump and the continuous adjustment curves 

are compared. r 

Regardin~ the second obser~ation on dissociation, that 

the amount of latcra'l prisrn vlhich the subject looks through 
J 

ma~ influence the value of the phoria and its time course, 

bo:th Figure 20 and 21 show this to be true. \lhen the alignment 

of the images is adjusted continuously~ the sarne condition arises 

because there is no offset jump. to alter the ~elative position 

of the irr;ages. V;hen adjustment has been made continuously, 

as is shown in Figure 24, the phoria curves are seen to be . 
much more continuous than those found by methods that alter 

the prism after each response. Subject C.P.'~ cur:ve i8 a go'od 

example of this. W.L.'s curve in Fieure 24"should be compared 

with those in Figure 15. In this case,continuous adjustment 

has decreased the amount of exophoria'by about 4b. 

The third observation Vias that the way in which th~ 

subject looked at the dissociated images during the test 

~ould alter the phoria. ïhis variable in the dissociation 

of the eyes is demonstrated in ?igures,32 and 33; Here the 

subject, the author, deliberately changed his metqod of looking 

at the dissociated images from test to test. The result of 

such an experimen~with dissociation by a Màddox-~od, i~ sho\m 

in Figure 32. Four ways of looking at the images'were employed. 

~ehese were: 

1. Ta always look at the poi~t of light and to avoid, 

as mueh as po~sible, looking at th~ image seen through the 

(.ja~dox-rod • 

. \ 
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, 
20 40 60 80 100 120. 140 

"IS' 
TU$ (SEoONDS) 

Figure -32. Four different phoria ~easurements for the . ~ 

subj~ct showing that' the value of the phoria can be al~red 
"J' ~ 

by a change in 'the fixation pa~~ern on the part of the ,subject • 

Dissociation was by MaddOx rod using the prism-diplop~a program. 

, ' 

. ' 

.~ " 

. \ ' 
\ 1 . . 
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2. Always look at the line 9f light, seen through the 

i,:addox-rod, and look at i t at the same level as the point 

of light seen by the other eyei 

88 

3. Look back and forth between the point image and the 
line image. '--- lit 

4. Look at the line image but at a position estimated 
to be about 6~ higher than the level of the point ima~e. 

The fourth procedure was intended to simulate a 6à 
dissociatinG prism. The curve for this procedure was the 
closest to that obtained when the point was regarded dire~tly. 
On the other hand, looking back and forth between the images 
caused an eso shift in the phoria. Vlhen the 5ë. of esophoria, 

obtained by this method. is compared with the 20Â of exophoria 
!ound Vlhen the point was fixed,there ts no doubt that the 
way of looking at the images May influence the phoria. 

A similar procedure was used with prism-diplopia 
dissociation. The ways of looking at the images were somewhat 
differe~t and were: 

1. To always look at the image seen by the eye not 
looking through the dissociating device. 

2. To always look midway between the images. 
J. Ta look back and forth between the two images. 

In the second case,a mental line had to be drawn between the 
images and its estimated midpoint fixed. The results for 

these procedures are shovm in Figure 33. Once again the third 
observation is substantiated. 

,> 

... , 

Phoria and accommodation. The synergy between accommodation 
and' vergence is often used as an indirect v~ay of determining 

the relative influence of accommodation on the position of 
a fully occluded eye. This is used to establish the ACjA ratio. 

, ( 
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Figure 34 shows what happens whe~ the'subject i8 
\.'": 

suddenly obliged to change his accommodation, The lens drop 

phorometer was used and -1.0 diopter lenses \vere dropped 

simult~neously before each of the subject's eyes durin6 the 

sequential neasurement of the phoria. The fused-ima~es method 

had to be used because the holder normally reserved for the 

dissociating device was used to hold the lens before the 

right eye. Since this was a pilot.stud~there was no provision 
for the synchronization of the lens drop from test to test. 

The exact moment of t,he drop VIas :1.ot determined but i t was 

approximately as indicated by the arrows in the figure. , 

If the curves to the left of the arrows are examined, 

it i8 found that the more the subject is obli~ed to accommodate 

the less exophoric he becones. This is the normal synergy 

between accomnodation and verge~ce. The AC/A ratio for this 

subject appears to be about 7 prism diopters per diopter. The 

bottom curve does not show this fully beca.use the subject was 
undercorrected. 

It is not too surprising to find that the phoria curves 

continue to change after the transient caused by the lens drop •. 

On the other hand,it was unforeseen that the curves for a 

given dioptrie power would a'l)pear as continuations of each 

other before and after the drop. It appears as it the phoria ) 
change caused by the drop serves to reset the phoria to 

correspond to the tird course of chanGe that would have 
occurred had the nev; lens value been present at the start. 

The curves for V.V. are included to show that not 

everyone shows a decrease in phoria when the lenses are dropped • 

. In the upper curve, the subj ect shows li ttle change in hi~, 

phoria after the drop. ~"hen lenses have been added to make 
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the subject myopie by l~O dioptesthc lenci dron causes a 

phoria chanGe in the direction of exophoria., This is the 

opposite direction to that predicted from knowledge ~f the 
synerG:Y between accommodation and vergence. This,chan.r;e 

Droves to be a transient. Such a response would have been 
missed oy conventional test nethods. 

92 
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These results provide evidence ta sugGest that the lens 
drop test has a potential for diagnosis in addition to the 

determination of the AC/A ratio. This topie deserves ~ore 

study. 

II. HETEROPHORIA 

In providing us with a new look at heterophoria and 

its meaGurcmen~,this study has uncovered Many ,roblems.and 

offered little in the way of solutions. This is beeause it 

was, in essence, a pilot study in automated phorometry. The 
original intention Vias to provide a sophisticated phorometer 

,< 

for research studi~s and this goal was aehieved. Sorne new 

thoughts on heterophoria and its measurement were Inevitable 

after such a study and these are of~red in the hope that 
they may be of use. 

Defining heterophoria. The various definitions of 
heterophoria already given or implied often include assumptions 
whieh cannot stand up to close examination. Terms such as 
"position 'Of rest" or "latent ~quint" are used without 

justif'J.cation. The following definition of heterophoria is 

offered as an inprovement on its predecessors: 
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~cterophoria i3 defincd as the chan;e ln verCence 

which oeeurs when artificial neans render the need for fusion 
f 

inoperative. Lateral heterophoria is the heterophoria 
neasured in the plane of regard when.it is in its primary 

position. 

fi Although the prefixes eso and exo have a certain 

value galned through usage it would be better to replace 
them \'li th mathematical siE;ns. 1J.1his i8 ,almost certain to 
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happen in any event because of the use of compu'ing equipnent. 
An increase in vergetic~ should be :i:ndicated by a positive 

sign beeause this convention is already in use. , 

\ihile the defini tion of heterophoria states that the 

need for fusion must be inoperati ve, this study has sho\'m that 
thcre is sorne stimulus to fusion in Most, if not aIl, o~ the 

phoria test methods. i'!ew test ITIethods :nust be deviscd if 

this fault is to be overcome. 

I,'leasurinc; the 'phoria. The eustomary method for 

measuring the phoria is by cancellation. A rotary nrism is 

adjusted until the apparent displacement of an image, due to 

the phoria, is elininated. ','ihile this is a clever way for 

mea3uring the angular deviation of an eye it cannot be said 
to be entirely di.vorced from fusional impulses. V/ha t could 
be closer to tqe intent of fusion than bringing images into 
alignment? A method in which the subject did not participate 

would be preferable and such methods are now available in 
j 

the, fprm of fy.e position recorders. Wi th thest;! the posi tian 
of the eyes is, ideally, kno'fln at aIl times. If such recorders 

were used in phorometry the phoria could be deten:1Î:led at any 

instan~ without the participation of the subject. 

/ 
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Producing dissociation. It han been sliovm tha t different 
1 ~ 

dissociatine devices gave different phoria results for the 
sane subject. It has also been shown that a deyice \'Jh,ich . 
gave a greater phoria v~lue for one subject could give a: lesser . 
one for anbther. \te see fror:1 this that the choice of the 
dissociating device is not a s"imple r.1atter •. The whole 
of dissociation needs examina"tion an notions about i t 

clarified. 
1 

, 
concept 

must be 

(Dissociation, in an idealized sens , means that there 
are no visual stimuli for a change in verg nce. It s~ould also 

mea~ that there is no inhibition for, a ver ence change whose 
or~gin is independént of the fusion mechanism. It has already 
been pointed out, by \'lestheiner and i,:i tchell, that siïtilar 
images May be separated verticàlly and sti~l act as a stimulus 
for a vergence change. 43 Herein lies one of the flaws in~ . 
the prisn-diplopia method of dissociation. The sal':1e authors 
have also shO\'m that di~imilar objects can act as a stimulus 
for verge~ce changes. This strikes at the basic principle of 
the f.îaddox-rod. The present··'study has confinned these findings 
and has also shown that the cover test is not effecti~ve in 
eliminati~g fusional tonus. The~lope of the cover test curve . 
Vii thout supplementary dissociation, Figure 23, proves this., 
If none of these methods are above suspicion;lt seems that 
we must put thel'!'l aside and look again at the problem of 
dissociation. 

A teissociating device comprises two parts which are 
the dis,Sociator and the target. For example, the f.iaddox-rod 

ois a dissociator and the lamp bulb and other details seen 

by the subject comprise a tarGet. In this example,the target 
müJst be a small briGht object otherwise the system will not 

Vlork. The interdependence of the dissociator and the target 

, . 
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is not a~ obvious ln t,he casc of the dissociating -prismbecause 

evcrythin;(~ is seen doub'le. If the target hOlà a grid of lin~s 

marked on
l 

{t, Gi~ilar to graph paper, it is evident that the 
1 

subject cduld fuse image~ even th'ough dissociatéd. The samè 
\ ' 

thing can happen if a .plain sheet of paper i3 wrinkled or . 
• # 

the Grain of the paner can be seen. From these exa~ples~it is 
clear that, the target and the dissociator Must be thought of 

as a dissociating unft and the target must be matched to the 

dissociator far the desired results to be ob~ained. 

\.. Ncw dissociatin?; uni t'. l should like to propose a ne','f 

di~so'piating unit Vii th the target being randon dot patterns 

in po~arized light and the dissoci~tor being polarization 
, - . 

selective naterial placed before the subject'~ eyes. Anyone 
faniliar with the work of Julesz on random dot stereograms 

\ ~ 

will recogni~e this choice as being based on techniques that 
'1 " 

are already d~veloped. 7 In t'he present case, -the random 

dot pattern s:een by one ... eye' must be ~ncorre lated w~ th ... that 
seen by the Qther. AlI the dots seen shoul'd ~-appea-r to lie . . 
in the same plane, which is the plane of' the target" and 

the dots or other forms seên should not act in any way as a 
1 

1 stimulus for fusional eye movements.' 
l 

A patte~ed surface'is required for th? targèt'QeCa4Se 
otherwise an empty field may be formed. If an empty field ... . . 
forms,the test, conditions are indeterminate since the part ~ 

the field in whi~h there is, no chan~e in contrast will be 
filled in by the yisual cortex. 45 Another reason for a 

surface with visible details is th.t these are necessary' as 

, . . 
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The dissociating unit proposed'~ere has never been 
1 

tr,ied. The _proof of i ts supposed meri ts can only be obtained 

by a scientific study. If it does give'the results hoped for. 

it could be used as a stanàard against which other phoria 

methods could be evaluated. This unit should be used in 

conjunction with an eye position monitor. If this were not 
possible a system of polarized reference marks could be used 

for determining the amount of the phoria. Such a subjective 
rnethod would suffer from the disadvantages already r.lentioned. 

( 
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CHAPTER VII 

The original aim of this project was to produce .. 
a computer-co~trollpd phorometer which would serve to measure 

lateral heterophoria values in a ti~e sequence. This goal has 

been achieved and the results obtained using this phorometer 

are of a quality never before obtained. The measurement of 

the phoria in a time sequenc~ has revealed details concerning 

the nature of the phoria which would not"be observed by any 
othe'r means ~ 

Although it was originally intended to restrict the 

phorometer's usé ta the von Graefe test nethod,it was soon 

necessary to include other test methods and other ~eans of 

dissociation. Among the test methods used were the ~addox-rod 

drop, the dissociating prism drop, the lens drop, the automatic 

cover test, the continuously adjustable prism, the fixation 
\ . 

disparity phoria and the fused-images test. The fused-images 

phoria test is a completely ncw one developed during this 
study. 

A reasonably large number of subjects were tested by 

the various methods and many of the subjects were re-tested. 

The results of these tests enable a comparison ta be made 

between the various methods. The constancy of the performance 

of the tests, due to,' computer-clntrol, shows differences in 

the results which ca~not be attributed to errors. ~hese 

differences are so striking that their presence raises doubts 

about the utility of the various methods of dissociation 

and the value of phoria tests that are performed manually~ 
\ 

• l 
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The scope of the study expanded with eve~y unexpected 

finding until the project becarne a pilot study on automated 

phorometry. Anyone intending to investigate h€terophoria 

will probably want to use methods that have been pioneered 

in this_study. 
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Although no phoria test was found faultle~~ it would 

seern that the ~addox-rod rnethod is among the Most subject to 

fusional Interference. The least subject to such Interference 

is the automatic cover test with prism-diplopia supplementary 

dissociation. 
~ 

It is interesting ta note that the method giving the 

greatest phoria is not always the saIlle from subject to subject. 

This suggests that the phoria ls the result of the workings 

of a more complex mechanism than might have been expected. 

The fused-images test method was particularly use fuI 

when applied to a subject ~ith a visual weakness such as 

asthenopia or strabisrnus.- A subject with a history of 

strabismus, corrected,by surgery, was tested and found to 

converge when stimulated to diverge and vice versa. No other 

test avaiIable could have extracted this information. This , 

demonstrates a use for this test in ophthalmology and / 

orthopties. 

A recent theory.on heterophoria, Cronets, was not 

substantiated by the results of this study. The associated , 
horizontal phoria was measured automatically and when compared 

with the other phoria results was not found to be directly 

related to them. If there is a Iink betw,en the disparity and 

the phoriaJit must be an indirect one • 
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A new. conc~pt of phoria measurement has been proposed 

and a new 4,efinition·of heterophoria given. Further study is 
needed ,to ~ee whether o~ not these are of v~lue. While the 

computer-controlled phororneter is desireable for studies 
such as were described here,it is suggested that objective 

~eas4re~ents of eye position are to be preferred in the 
.future ~ 
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CHAPTER VIII 
" 

, 
CLAn:s TO ORIGIUALPI1Y 

, " 

?he conception of th~'experi~ents, the design of the 
equipment and its'constructi~n, the interfacing,_ the programming 

and the subsequent analysis 'of the data were aIl done by 
myself.· The idea that the phoria should:be measured continuously 
originated with my thesis director, John Outerbridge~ The , 
actual implementation of continuqus measurements caree ~bout 
as a by-product of the work done on the automatic Cover test. 

~ 

/ The following list includes the major innovations_ 
, 

which were associated with this work. Thes~ are: 
1. The stepping prism is my original concept and to 

date aIl design and constrùction, bath mechanîcal and electrical, 
have been done by me. 

2. The interface circui try used to control the stepping 
.prism was designedl'and constructed by me. 

). The concept of the,computer-controlled phorometer 
is original ~s is the specification of the test procedures 
and their programming. ' 

4. The dropping of the dissoclatïng device or lens 
is a new procedure wh~Ch enables the time course of the pho,rla 

, to be followed or modified. 
5. The fused-i~ages test is original. 
6. The concept of d'el ta-vergence ls original. 
7. The discovery of a cllnical use for the fused-irnages 

test, in connection with strabismus, May be of value. 

8. Heteronhoria has been re-defined and a new means, 
~ , 

has been proposed fo~ determ~ning it • 

\ 

'. 
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APPENDIX A. 

THE CONVERSION FROM PRISM DIOPTERS(~) TO ANGLE OF DEVIATION 

PRISM POWER 
(~) 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Il 

12 

13 

14 

15 

DEVIATION 
(deg. ) 

0.0 

0.58 

1.15 

1.71 

2.29 

2.86 

3.43 

4 .. 00 

4.57 

5.14 

5.71 

6.27 

6.84 

7.40 

7.97 

8.53 

PRISM POWER 
(~) 

16 

17 

18 

19 

20 

21 

22 

2:3' 

24 

25 

26 

27 

28 

29 

30 

-, 

DEVIATION 
(deg. ) 

9.09 

9.64 

10.20 

10.75 

11. 31 

Il.86 

12.40 

12.95 

13.49 

14.03 

14.57 

15.11 

15.64 

16.17 

16.70 

/ 

106 



• 

( 

107 

APPENDIX B. 

STEPPLIG PRISf/i CO:iTHOLLER/INTERFACE CIRCUIT DIAGRArft 

IË SIrUiC. T S T'8"PIN6 ~.. ~ nu.~;TSPW.",p " ~ 

~ 
::r»- ~! ~Ï1 FI>"1. @ . A >- :l1 

k-.. ... ~SlUP ~ ( +~~ y 

-~ 

i1-' ,.., 
;::t...J 

~ @ ~IN .... 1It 
\OPZ> ~ 
IO,. ... ~ ~ 

~ 

~~ ... ,op .. 

r--

@Q 6 

~~~~ 
PA~4L fMTS UST 

,Ill.. .. 
A 

MO 
B 

nit &NArsL~ 

A 
TOR DtR5GTIOW ~ 

8 

M58 

-~I!I 

W>8 

rf'""'II 

a....hn. 

~ ..... 
v 

~ 
~ 

li!: el!. t 

k-- ~ 

~: --k-'l: 
~;. 
I-f--. .. 
kJ,!' 
L..n. : .-

~ 
~Fl~ 

I~! , 
~@ 

-(5 ~ 

T 

.... ... ~TO""" ... T J1--' ... Y -raja 

~ '-4_ • 
... - .,..,. .. 

~ .. 
, .. " ......... -".. DII'ltCnQ4 

,t1JJ.® 

H~~ tr, ~ 

f-J 

L-c~f-8 
+~., ~ 

.!:rh. 
..À 

~ ~ / -0 f-' ~ 
IrU~+lv ® , - "- ..-.t=::=-~ 10- L!:t 
~r-~ ~ r:::::1. ""1il :!JfY - ~ ~ , 

~ 
k 

lS8 ~ 1.... lu! 1....'10, @ ~rr. 
tJ "'-'" 

1 

, 

ITIOM No 1fA,-..I1.b'" 
~I~S:, 74\2.\ 
è'2,4 QL'2.4 

Ü i 7.'0,12. qal4 
~8q Q3U 

rè",13 Cf30() 

PiIIJI[TS W.T In:.r.tIz.llD 

c;Q1IlfTlTY RI! AI:H Il.» NI 

10 qLOO 

5 'lL04 

1 Cf3Lli, 
1 QOO2. 

1 "100,," 

4 <1007 

1 qOI2-

.... 741 

, 

.. 

. . 
. 

'" 

ot. 



• 

• 
" . 

APPENDIX C. 
108 

operator Loads program 

operator to zero 

operator loads program' s 
starting address 

operator sets ~itch register 
(SR) for desired operation 

operator starts pro gram 

inittïaUze 

bit 3 set 
yes 

completed ? no 
yes 

entered 

starting offset BUbroutine 

yes 

.---~ read required 'offset from SR 

prepare motor instructions 

opera te motor subroutine - _____ ---1 

actuated 

starting deZay 
yes 

to actuate switch 

read SR for starting direction 

immediate offset 
yes 

operate motar sub1'Outine 

enabZe crystaZ crock, X-y pIotter 

Figure Cl. An outline of the progranuned px::ocedure for 

the prisrn-diplopia test • 
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singZe step the "~t~r 
(update the motor ~-----r 
position registerJ 

l check fo~ subjeat's response 

response 
yes 

enter X-Y 

~--+-I JO ms deZay 

correct prism position for 
backlash 

set position into X axis 
D/A converter 

read the time & di vide by 5 
(to give time to neal'est ~ séc. J 

set time into Y axis 
D/A converter 

store position and time in 
core memory " 

prepare for offset jump 

operate,motor subroutine 

Figure Cl. (continued) 

r-"'--~ change motor direction 

interrupt routine 

store accumuZator & Zink 

clock 
yes no 

109 

inarement the ti~e register 
after 1000 counts. (gives time 
to neares t O. 1 s'econds) 

motor 
yés 

keyboard 
yes 

return prism to zero and 
backlash routine 

T typed' 
yes 

~--""'G no 

ha Z t program 
(to turn on the punch) 

D 
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type out- al lof the subj eat ' El 
responses in sequenae with 
the position prea~ding the 

time value 

restore aacumulator & Zink 

retum to main progroam 

Fig\lll'2'e Cl. (continued) 

_ SPACE typed 
yes 

r ' 

no 

roe-start the proogram 

/ 
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.) PHOROMETER.I 

USAGE 

Starting address 

Prism base 1eft 

Prism base right 

Starting de1ay 

Plot chart limits 

Starting offset 
(from 1 to 128 steps) 

" 

o. , 

• 
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APPENDIX C. 

'fABLE Cl. 

SWITCH REGISTER BIT ASSIGNMENT 

BIT NUMBER 

0 1 2 3 4 5 6 7 8 

1 1 0 0 0 0 0 0 0 

'" 0 

1 
~ 

1 

1 
. 

X X X X 

.... 

111 

, , 
\ 
1 
\ 

"-
"-

\ 

9 10 Il 

0 0 .0 

ri 

X X X 

_~_L~ ___ _ 



• 

• 

APPE:~DIX D. 

FORTRAN PROGRAfII FOR THE RE-FORfrTATTUm OF PHORIA DATA 

PR0GRAM THINA (INPUT,0UTPUT,TAPE 60=INPUT) 
G0MM0N/BLKA/B(1000),D(30),M 

112 

DATA (OCK),K=2,13)/12*11./,(OCK),K=14,17)/4*12./,0(1)/10./ 
DATA (OCK),K~18,20)/3*13./,CO(K),K=21,23)/3*14./,0(24)/15./ 

DATA 0(25)/16./,0(26)/17.I,OC27)/19./,OC28)/22./ 
OATA D(29)/23./,0(30)/29./ 
GALL DATINCB,M) 
GALL DAT0UT(B,M) 
ST0P 
ENO r, 

SUBR0UTINE OATINCA,N) 
G0MM0N/BLKA/B(1000),DC30),M 
0IMENS!0N A(100Q),NCl) 
DO 99 1=1,1000 
ACJ)=O.O 

99 CONTINUE 
1=0 

1 READ 20, A CI + 1 ) 
20 F0RMAT(FS.0) 

IF (ACI+l )-90000.) 3,2,4 
3 1=1+1 

G0 T0 1 
4 PRINT 19 

19 F0RMATCIX,31HNUMBER BIGGER THAN 90000, ERR0R> 
G0 T0 100 

2 J=I 
00 200 !=1,J,2 
C =A < 1 ) 
-II'CG) 6,12,8 

6 C=ABS<C) 
8 K=l 

DA=O.O 
G=O.O 

13 DA=DA+DCK) 
! l' <DA -C) 9, 10, 1 1 

Il C~G+(l-(DA-C)/DCK» 
G@ T0 12 

10 C=G+l.0 
G0 T0 12 

9 K=K+l 
G=G+ J .0 
Ge T0 13 

12 C=SIGNCC,ACI» 
A CI )=C 

200 C0NTINUE 
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N=J 
100 RETURN 

END 

APPENDIX D. 

FORTRAN PROGRAM (CONT.) 

SUBR0UTINE DAT0UTCA,N) 
C0MM0N/BLKA/8CIOOO),D<30),M 
DIMENSI0N A<1000),NCl),CC8) 
K=N/2 
PRINT 29,K 

29 F0RMATC8X,I3,* ~ESP0NSES. C0LUMN D IN PHISM DI0?TERS.*> 
PRINT 26 

26 F0RMAT(SX,*THE SIGN + = PRISM BASE RIGHT.*) 
PRrNT 27 

11) 

27 F0RMATC8X,*C0LUMNS T SH0W THE rIME 0F THE RESP0NSE IN SEC0NDS.*) 

PRINT 25 
25 F0RMATC8X,4(3X*D*6X*T*5X» ~ 

D0 30 1=1,88,2 
L=2 
C (1 ) =A ( 1 ) 
CC2}=ACI+l )/100 
IF(N-87) 60,61,62 

62 L=L+2 
C(3)=ACI+88) 
C(4)=A(I+89)/I0a 
IFCN-175) 60,61,6~ 

64 L=L+2 
C(S)=A(I+176) 
C(6)=AC!+177)/IOD 
IFCN-263) 60,62,66 

66 L=L+2 , 
C C7 )=A (1+264) 
CCS)=A(I+265)/IOO 

60 PRINT 31,CC<J),J=I,L) 
31 F0RMAT(SX,4(F5~1,F7.1,4X» 
30 C0NTINUE 
61 PRINT 32 
32 F0RMATCIIIII/III) 

RETU~N 

END 

• 



• 

. " 

~.r POWER 
(fi) 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Il 

12 

13 

14 

15 
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APPENDIX D. 

TABLE Dl 

THE NUMBER OF MOTOR STEPS v1HICH CORRESPOND TO 

THE POWER OF THE ROTARY PRISM. THE POWER IS 

EXPRESSED IN PRISM DIOPTERS . 

STEPS POWER STEPS 

114 

INTERVAL CUMULATIVE (~) INTERVAL CUMULATIVE 

0 16 
12 

178 
10 ) -10 17 -() 

~ 
190 

Il 
, 

13 . ~r 
21 18 203 

Il 13 t , 
32 19 216 

Il • 13 
43 20 

14 
229 F 

Il . 54 21 243 
Il 14 

" 65 , 22 . 257 ....... ~ 
Il 14 

76 23 
15 

271 
Il J 

87 24 
16 

286 
Il 

98 25 
17 

302 
Il 

109 26 
19 

319 
Il 

l20 27 
22 

338 
Il 

131 28 
23 

360 
Il ". 

142 29 
29 

383 
12 . 

lS4 30 

~ 
412 

12 
166 

12 , 

. 
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APPENDIX E 

TABLE El 

DATA TYPEOUT FOR SUBJECT J.C., FIGURE 7. 

THE ORIGINAL TYPEOUT lvAS IN A SINGLE COLUMN. 

c 
+0002 -O064~ -0069 -0083 
0003 0444 .- 0909 \ -; 1362 
-0023 -0068 -0066 -0089 
0019 0470 0935 1389 
-0036 -0065 -0078 -0080' 
0049 0496 0965 1418 
-0031 -0072 -0076 -0078 

,0076 0524 0990 1442 . ;' 

-0046 -0065 -0075 -0074 
0107 0552 1015 1468 
-0045 -0067 -0077 -0072 
0132 0577 1039 1493 
-0060 -0067 -0082 -0069 
0163 0602 1066 , 1519 
-0050 -0087 -0079 -0086 
'0191 0635 1092 1550 
-0045 -0068 -0085 -0074 
0215 0667 1120 1579 
-0048 -0073 -0077 -0081 
0239 0694 1148 1607 
-0045 .:.0061 -0081 . -0070 
0263 0732 1174 1636 . :-0053 -0073 -0078 -0087 
0285 0753 1200 1667 
-0065 "'0064 -0085 -0072 
0314 0781 1228 1698 
-0067 -0068 -0088 -0081 
0339 0808 1252 .' 1726 
-0069 -0066 -0093 ....... -0079 
0364 0834 1278 1752 
-0064 -0073 -0091 
0391 0861 1304 
-0067 -0074 -0098 
0417 0886 1332 

, 
-NOTE: The minus (-) sign indicates prism base left. See 

\ 

• • the text for details on the format. 

. , 
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TABI,E E2. THS SAr,';E DATA AS IN TABLE El, SUBJECT J. C. , 

AS ARRANGED BY A LARGER Cor/:PUTER. 

67 RESPONSES. COLUMN D IN PRISM DI0PTERS. 
THE SIGN + = P~ISM BASE RIGHT. 
COLUMNS T SH0W THE TIME 0F THE RESP0NSE IN SEC0NDS. 

D T .D T DTD T 
- LI. 7 .2 .4 - 9.0 1 1 6. 1 
-601 4.6 -7.5 119.6 
-5.8 7.3 -6~8 122.1 
-6.7 9.7 -701 12LJ.7 

-·-7.3 12.8 -1.2 127.5 
~-7.5 J5.5 -7.3 130.2 
-6.7 11.9 -6~5 132.7 
-1.9 20.2 -6.6 135.4 
-7.0 22.6 -6.5 138.0 
-7.8 25d -7.4 140.4 
-7.0 27.5 -6.5 142.8 
-7.1 30.~ -5.5 146.0 
-7.2 33.t -5.4 148.7 
-7.6 35.7 -6.0 151.2 
-7.6 38.4 -5.3 153.6 
-7.6 41.2 -5.6 156.2 
-6.6 43.6 -5.8 159.0 
-7.5 46.0 -601 161.7 
-6.6 48.4 -5.7 164.3-
-6.4 51.3 -5.0167.3 

"-5.6 53.8 -4.6 169.9 
~6.5 56.2 -4.5 172.7 
-6.0 58.1 -4.9 175.6 
-6.5 61.3 *00.0 0.0 
-6.7 64.2 0.0 0.0 
-7.0 66.9 0.0 0.0 
- 6 ~~ 69 .6 a • a a • a 
-7.5 72.0 0.0 0.0 
-6.6 74.5 0.0 0.0 
-7.6 76.8 0.0 0.0 
-7.5 79.6 0.0 0.0 
-7.9 82.2 0.0 0.0 
-7.9 84.9 0.0 0.0 
-8.1 87.6' 0.0 0.0 
-7.4 90.1 0.0 0.0 
-8.4 92.4 0.0 0.0 
-8.1 95.0 0.0 0.0 
-8;3 97.7 0.0 0.0 
-8,.5 ·100.6 f 0.0 0.0 
-9.5 102.8 0.0 0.0 
-8.8 105.3 0.0 0.0 
-9.1 107.9 0.0 0.0 • -9.0 110.7 0.0 0.0 
-9.0 113.4 0.0 0.0 
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APPENDIX F 

REMARKS ON THE INTERPRETATION OF FUSED-lMAGES RESULTS 

The fused-images test is entirely new and although it 
is a relatively simple test pro~edure it is not easy to 
interpret the results without a more detailed explanation 
than is given in the texte The offset jurnp, whibh is the 
dissociating means, acts as a step furiction input to the 
vergence component of the visual system. After the offset 

117 

jurnp is executed, the prism is 'slewed back toward i ts position 
be.fore the jump. -Therefore the input function must be 
classified as a kind of saw-toqthed ramp in which the direction 
of the tooth is inverted at each repetition. The form is shown 
in Figure Fl. Different response patterns on the part of 
the subject will result in differences in the input as is 
shown in the upper part of the figure. The midpoints and 
delta-vergence plots calculated from this data are shown 
directly under the input wave forme The point at which the 
subject responde'd is indica ted by the srnall circle and i t is 

easy to see how the response pattern of the subject can 
alter the input wave forme The calculations required to' 
deterrnine the midpoints and delta-vergence for the first 
10 responses in example C of the figure, are shown in Table Fl. 

Example A of Figure F1 is intendeq to illustrate what 
, 

happens when the subject is uninfluenced by the stimulus to 
change ve~gence. Although the subject is able to fuse~images 
under normal circurnstances, he does not do so under the test 
condi tions. Thus the images are not ,fused until the prism 
returns *0 the power it had at the time of the last response • . 
An eXatrlple of this type of response i8 glven in Figure 10 • 
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APPENDIX F 

TABLE Fl 

SAr,!PLE J\'iIDPOICfS AND DELTA-VERGENCE CALCULATIOi'iS 

RESPOi~SE THlE PRISM DELTA r.lIDPOINTS 
POSITION VERGENCE 

(SEC) (STEPS) --- (STEPS) "(STEPS) 

n t r P (Pn+1 - Pn> (Pn + Pn+1 )/2 

1 5 +10 
'v 

2 7.5 -5 -15 2.5 
3 12.5 +5 +10 0 

4 15 -10 -15 -2.5 
5 20 0 +10 -5 
6 22.5 -15 -15 -7.5 
7 27.5 -5 +10 -10 
8 30 -20 -15 -12.5 
9 32.5 -.? +15 -12.5 

10 35 -20 -15 -12.5 
(, 

• 1 

.. 
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If the offset jump stimulates a vergence change, the" 

idealized response pattern rnight look like those in Figure Fl, 
parts Band C. In part B it is assumed that the amount of the 
vergence change was identical in both directions. Part C 
illustrates what happens when the subject does not alter his 
vergence as rnuch when stirnulated in one direction as he does 
when the stimulus is in the other direction. In this example 
the vergence change' in the di vergent direction is greater 
than that in the convergent direction for the first 6 seconds. 
Thereafter the responses are shown as the sarne in either 
direction. 

The rnidpoints and delta-vergence plots in exarnple A 
show that no "false pharia" occurs and that aIl points fall 

" ' 
on the zero line of the delta-vergence graphe Example B 
illustrates what is rneant by the "false phoria". Even<though 

the subject changed his vergence equally in both directions, 
the rnidpoints curve is seen to be shifted away from the zero 

line. In this case the curve suggests esophoria. If the 
first offset jump had been'made in the divergent direction 

the curve wo~d have suggested exophoria. In this way it is 
possible for the rnidpoints plot to give a false phoria since 
the phoria is not a contributing factor to the position of 
the curve in this graphe The sarne reasoning can be applied 
to the symmetrical responses, after 6 seoonds, in example C. 

o 

The delta-vergence graph of example B shows how vergence 
changes &ive rise to two curves, one for the convergence stimulus 
and the other for the divergence stimulus. The distance from 
the zero line indicates the amount of the vergence change and 

its direction. The delta-vergence curves in example C show that 
asymmetrical vergence responses are easily seen from an 
examination of the curves • 
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It is impo~sible for the delta vergence value to 
exceed the value of the offset jump. That is to say, an 
offset jump of 5~ in the convergent direction cannot result 
in a convergence stimulus curve with any value greater than 
5~. A subject who responded quickly to the vergence stimulus 
might have a delta-vergence curve close to 56 but no value 
of 5Â could be recorded unless, by accident, he pushed the 

. , 
actuating switch twice in quick succession. On the other 
hand it is possible for responses to a convergence stimulus 
ta fall on the divergence side of the graph and vice versa. 
If the amount of ~his negative response is large enough, it 
is possible for the response to a convergence stimulus ta -
exceed the amount of the offset jump limit in the divergence 
direction. An example of this sort of response pattern is 
shown in Figure 29. 

J 

• '. ' 

• 
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APPENDIX ç; 

THE ORIGINAL DATA TYPEOUT FOR THE RESULTS OF SUBJECT J.L. 

+0::>39 
0032 
+0006 , 
0067 
+001 1 1 

0092 ~ 
+0015 
01 14 ' 

1 

+0109 , 
0170 ; 

+002'7 1 

0222 
+0103 : 
0271 1 

-0099 
0365 1 

+0097 : 

0456 1 

-0075 1 

0539 ; 
1 

+0031 , 
0599 1 

-0083 i 
0661 ! 
+0088 1 

0744 
-0026 1 

0807 
+007 6 ~ 
0865 
+0005 
0913 
+0061 
0956 
-0013 
1005 
+0052 ' 
1051 
+0018 
1086 
+0081 
1 131 

+0028 
1173 
+0051 
1204 ) 
+0016 ' 
1239 
+0066 
1280 
+0046 
1310 
+0056 
1337 
-0004 
1381 
+0020 
1413 
+0014 
1438 
+0036 
1469 
+0033 
1493 
+0061 
1526 
+0055 
1552 
+0058 
1576 
+0041 
1605 
+0030 
1625 
+0047 
1643 
+0085 
1679 
+0036 
1720 
+0056 
1750 
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Figure Gl. A copy of the original data point plot for- subject J.L. whose 
midpoints and delta-vergence plots, from this data, are shown in Figures 28 and 
29. The solid lines joining the points were added by hand after the points 
were plotted by the X-y pIotter. The dashed lines sho~ how the prism's power 
changed during the test.and are included to prove that the delta-vergence 
Interpretation of the data i8 correct. 
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