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GENZRAL SUI&ARY

~ Certain criteria for a valid mcasurc of heterophoria
are presented,

Analysis of the rcsults obtaincd by measuring 100
subjects by thres clinical tosts indicatces ghat the
Laddox rod method for lateral hetcrophoria moets
these criteria adequately.

Three visual sercening devices were used to neasurc
heterophoria on 121 subjects who were also tested
by the Maddox rod method,

A comparison ~f the data from thoe two exporiments
suggcests that for the measurcement at the near rpoipt,
the angular deviation of the ¢yes from the horizontal
position is apmarently critical. The results obtain-
ed when the cyes arc in the position usually employed
in rcading arc more consistcnt than when the near
mecasuramcent is made with the gaze dirccted horizon~
tally forward,

The data fram the two cxperiments suggests that
¢linical measuremants of heterophoria are morc
consistent when the cxaminer adjusts the phorometer
prisms than when thc subject makes the adjustment.

There doecs not scem to be any justification for the
use of arbitrary designations for heterophoria scores
in non-clinical terms, Such use of coded digits
complicates any statistical analysis of data ob-
taincd from visual screening devices:,

A comparison of the measurcmonts obtained by the
Kaddox rod mecthod with those obtained by the use of
visual screening devices indicates:




a, That visual screening devices arc aprarently as re-
liable as the clinical method for the measurement
of heterophoria,

b. Ti<t the instrument tests do not ecorrelate well
with the elinical test; it is possiblc that this
is duc to some defeet in construction of the de-
vieces or in the mcthod ~»f measurement.

c. That furthor rescare: is indicated to establish
why there is no more correspondence betwoen the
clinical and instrument measurcs,

The procedures described in the "Manual of Instructions
Heterophoria Testing" of the Army-Navy-NRC Vision Com-
mittee are satisfactory for service use; a change in
the procedure is proposed in paragraph five above.




COUPARATIVE STUDY OF !EA3URLS OF HETZROPHORIA

General Introduction

The present report sumarizes the experimental
studics of muscle balance which were indicated from
carlier expcrimcnts to which refercnce will be mede.

In addition to pursuing certain lines of investe
igation, it was desired to evaluate the clinical method of
phoria measurement described in the "Heterophoria Testing
Hamual of Instructions" (1). This Manual was developed
by thc Subcommittec on Procedures and Standards for
Visual Zxpminations of the Army-Navy-0SRD Visien Cormittee,

Some of the refercnees published betw:zen 1939 and
1944 will be found in the "Bibliography of Visual Liter-
ature" (2) compilad with thc assistence of members of this
activity, additional information regarding the temms
usad hercin will be found in Progress Report No, 1 to
which reference will be made, and in the liinutes of the

Twelfth Meeting of the Vision Committce (3). Another
discussion of the subject will be fsund in the iinutes
of the Fourtcenth Mceting of thc Vision Committece (4),
The latter paper contains much of thc preliminary ex-
perimental work upon which the present study is based.

There has been = great deal written on the function
of the extra-ocular musc¢les, Anyonc who makes an effort
to review the literaturc is ovorwhelmed by the mumber of
published articles and by the great varicty of tests
advocated. Indeed, therzs arc so many mcthods for measur-
ing hetcrophoria that the impartial investigator might
conclude that no onc test has outstanding merit, To put
it another way, one can find published authority for
almost any viewpoint on this important subject. As
Cridland (5) has expressed the matter:




. "The diversity of the available methods
is 2nly cequalled by the diversion which some
of them engender. The fantastic claborations
of the instrumsnt maker have introduced further
complexity, so that tne patient, when faced by
an imposing mass of machinery, may be easily
forgiven for his feilurc to relax, and thc ¢lement
of wvoluntary effort bccomes a thunder-eloud
obscuring the centire heterophoric horizon,
The wonder is that the results of measurement
by differunt tests arc naot coven more contradictory
than they arc,"

The present paper is justificd only if some nce-
¢ssary clarification of the current confusion is achicved.

In the interests of brevity, roference to specific
authoritics will be held to a minimum., The investigator
who desiros to pursuc any particular phase will find an
abbreviated bibliography appended,

As has buen indicated, the number of availablc tests
is axtcnsive, A& papor by Wheeler (6) reviews the measures
which were first developed, Some of the carly investigators
devised methods which arce worth study, and the principles
1laid down at the beginning have changed-very little., It
may be stated that, at the present time, a mjority of
ophthalmologists cmploy cither the cover test and its
modifications, the ifaddex rod test in somc form, or a
combination »f these.

The problem under consideration differs fr-m that of
the practicing civilian oye specialist, These clinicians
have the advantase of much experience with all degrees of
ocual motility, including the obviously abnormal, How-
ever, the problem which confronts the military services
is rerely one of differential diagnosis of ocular muscle
conditions., The main cbjective is the scereening »f large
numbers of men in order to reject those who arc unfit,
dAcditional requircments for a mcasurc which is desirable
from the military standpoint will be discussed later.




In the present experiment no attempt has been made
to evaluate all of the available measures of heterophoria,
Such an encyclopedic study would present a monumental
task and certainly would not be worth the effort., The
limitation can be indicated in titles for the twe parts
into which this paper is divided. These are as follows:

Part I, Comparison of three clinical tests for
lateral heterophoria: Maddox rod, screen~
Maddox rod, and screen and parallax,

Comparison of the Maddox rod test for
lateral and vertical phoria, with phoria
tests incorporated in three visual screen-
ing devices: Keystone '"Telebinocular",
Bausch & Lomb "Ortho-Rater" and the
American Optical "Sight Screener?”.




Part I.

COMPARISQ) OF THREE CLINICAL TESTS
FOR LATERAL H.TEROPHORIA

Introduction

Mention has already been made of the general cat-
egories into which the most accepted measures of hetero-
phoria can be grouped. Two of the techniques evaluated
in this report are in common use by ophthalmologists
generally (5)(7)(8)(9) but with same qualifications
by individual writers (10)(11)(12)(13)(14). These are:
(1) the Maddox rod and (2) the screen and parallax
(cover test). A third method, (3} the screen-Maddox
rod, is prescribed frr the aviation medical examination
for the Army and Navy (15)(16),

It might be stated parenthetically that tests which
employ any type of stereoscopic instrument have been
criticised by various authorities (13). . One of the most
common objections has been stated by Verhoeff (1) as
follows:

"Tests for presumptive heterorhoria made
by use of a stereoscope of any kind are especially
unreliable because the observer has no accurate
idea of the distances concerned."

In order to aprreciate fully the extremes of view-
point, one writer (17) assumed that occlusicn of one eye
for a week is necessary to elicit a1l the presumptive
heterophoria: Fortunately, this opinion has not been
entertained seriously by military surgeons.

Cut of such a variety of usage and opinion, the
experimental work of Cridland (5) and of Scobee (4)
are outstanding as probably the first attempts to evaluate
several methods of measuring heterophoria by assessing
them on the basis of statistical evidence ang analysis,




From the evidence of experimental studies, Captain
Scobee recommended:

1, That since the correlation of the 'laddox rod test
with the screen and parallax test is as high as the cor-
relation of the screen and parallax test wit! the screen-
liaddex rod test, the liaddox rod test may be used for
measuring heterophoria,

2. That the lladdox rod rest is easier teo standardigze
and should be substituted for the more complicated screen-
Maddex 1rod methoed.

3. That the factors of rlacing the Maddox roé¢ before the
dominant eye and the brightness of the room do nct affect
the measures elicited,

4., That the Haddox rod should be white instead of red.

5. That phorias should be measured zt distances of 20
feet and 13 inches.

In the light of Scobee's studies, it was decided
that before visual screening devices could be evaluated
for their competence to measure heterophoria, three of
the most acceptable clinical methods for tlhis purpose
should be compared. The most promising c¢linical test
then might be applied as a validation criterion for the
comparison of instruments.




Procedure

Cne hundrad subjects were chosen at random from
among the candidstes for the Submarine School. Groups
nf ten men were tested twice during the same half-day,
each time at distances >f 20 feet and 13 inches, using
the follawing order in cach casc:

1. Maddox rod {white)
2. Screen-Madd-x rod (white)
3. Screen and parallax, :

A1l measurements werc made by one examiner in a
lighted rocom. In each casc, a one Cm, light was viewed
at a distance of twentir fect without glasses and the
exaniner adjustcd the Risley prisms of the phoromcter.
Since the vertical doviations werc naot being measured,
the Stevens phorometer attachment was not used, A
procedure wherein the examiner adjusted the prisms was
selected in order to compare such measures with those to
be performed later whcroin the subject adjusted the
prisms. Prior to the test the phoromcter frames werc
accurately centercd and levelled and the white Maddox rod
was rotated into position before the right eye.

The first measure was madc with the Risley prism
in place bechind tiae Maddox rod, the prism bLeing set so
that the subjcet perecived a vertical white strcak o»f
light to the left of a white light. It was demonstrated
to the subject that the strcak could be moved latcrally,
and he was directed t» infoirm the examiner when the
streak lay dircetly through thc light., Wext,
the test was repcated while the right cye was covered
intermittantly, thus adding the scrcening factor to the
Macddox rod test. The resding for the second test was
likewise the prism positicn at which the subject re-
ported that the line covcred the light. The third test
was performed aitar the Madd-x rod had been rotated out
of the 1line of viuw so that thc subject viewcd the light
with cach cye; a cover was placed before each eve al-
ternatcly whilc the prism was adjusted until the subject




Tle. 1.

Cohthalmoscope light ettzched to PLoroaeter

for Maddox rod rieasure at 13 inckes.
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reported no apparent lateral movement of the light. The
prisa positizn was then taken as the third reading.

At thz completion »f the above tests ot the twenty
foot distance, the light was occludid and the subjectls
gazc w3 dir.cted at the bulb of a lighted ophthalmoscope
at a distance of thirtien inches from his eyes, exzctly
in the mid-line andé at eye level, The cphthalmoscope
handle was secured by means of tape to the bar attached
to the rhorometer (Figure 1.) and swung into position
after the distance testing had been completed. The
same three tests were then performed at the ncar point,
in the corrcsponding order and in exactly the same manner,

At the completion of the test-seiies, the data was
plotted on scattergrams and subjected to statistical
analysis.

Results

The test-retest consistency data are summarized in
Table I and include product-moment reliability cocfficients™,
and test and retest m:ans with stenderd deviati-ns, Except
for the first column of figures, the valucs given arc
prism-diopters of lateral heterophoria, The letter "EM
indicates e¢sopheria, "X" indicates exophoria.

- e e wr e o e ga = ms e = o am fa AR A = M = = mm wm am - W

*The cocfficicnt of corrclation is & value, which
in the mathematical theory of probebility, serves to
measure the dogree ~I corrrlaticon botweun tw~ attributes
or muasurcs <f ¢ group of ladivi‘unls., When the value
is zero, there is no eorraiitl-n, and when the valuc is
one, the esrrclati~~ i. rarloct,




TABLE I,
Test - Retest Consistency

A, Lateral heterophoria at twenty fect,

Method Correlation Test Test Retest Retest Standard crror
Coefficient Mean S,D, Mean S.D, of retest cstimate

Maddex rod 0.87 E .88 2,295 E .88 2.368 1,18

Screen-Maddox rod 0.89 E 1,37 2,78, E 1,30 3.106 1.43

Sercen and parallax 0,72 E 1.42 2,741 B 0.47 2.579 1.79

B, Lateral heterophoria ot thirteen inches,
Maddox rod 0.7 X 3,87 4,50 X 4,99 4.896 3.33
Screen-lMaddox rod 0,82 X 4,24 4.98% X 5.40 5.654 2,25
Screen and paraliax 0,67 X 6,06 6.782 X 7,71 5.638 4.1




The data for test intercorrelations are presented
in Table II. The values are the product-moment reliabil-
ity coefficlents for cach pair of tests,

TADLE ITI.
Tes® Intercorrelations

A. Lateral heterophoria at twenty feet.

Maddox rod Screen~- Sereen and

Maddox rod parallex
Maddox rod 0.87 0.92 0.74
Screen-Maddox rod 0,89 0.85

Screen and parallax 0,72

B, Lateral hctcrophoria at thirteen inches

Maddox rod 0,74 0.89 C.70
Sereen-tiaddox rod 0.82 0.76
Screen and parzllax 0.67
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Discussion

Ho discussion of measurcs for heterophoria is
complcte unless the inherent variability of this function
is emphasized., One authority (18) states thc situation
as follows:

"If heterophoriza tests are repeated
geveral times under apparcntly egual con-
ditions, the results obtained in those
tests will vory frequently differ, and
this not only with respect to the amount
but occasionally also with raspzct toc tho
kind of existing hcterophoria,®

Since retesting heterophoria yields results of uncertain
variation, a coefficient of test-rctest corrclation is not
the only criterion of ¢onsistency which should be applied.
The diffcrences betwoen test and rotest means must be
evaluated, and the reliability cocfficient must be con-

sidered in the light of relative variabilities,

From the data presented in Table I above, the
Maddox rod test compares favorably with thc other two
methods at both distances, One sces from the relative
standard crrors af estimate that the results of a scesand
distance cxamination, with the Eaddox rcd can be preo-
dicted after a first examination, with morc procision
than a sceond sercen-Maddox rod from a first sereen-
Msddox rod test, Note that it is assumed that onc test
of muscle balancc does not affect the szorc for o later
test; the order ~f testing was not altcred from one
individual to the next. There is some indication from
the means in Table 1 that this assumption is nnt valid
for the near tcsts.

In Table II, one notes that thc intercorrelations
are as high as thc inhcrent reliability in each measurc
allows; in other words, insofar as one can judge from these
data, all threc tcsts may be measuring identicl functions,




Another aspcet of fundamental importance must be
stressed; thot is, the gquestion of what a method measures.
There is a distinction betwcen methods which employ
simoltancous bimocular fixation, such as the Maddox
rod, and thosc in which the amount of ocular deviation
is measurcd when binocular fixetion is interrupted, as
in covering cach eyc alternately. The sercen-Maddox
rod and the sercen and parallax tests are examples of
the latter type. In other words, the validity of measure-
ment is eritieal, Unfortunatcly, thoers is as yet no
standard which ean bs rcecognized 25 gencrally walid.

The sclection of onc test over othors as the best
measure of heterophorie is possible then, only when the
methiod selected demonstrotes elonr-cut superiority in
respeets agroed upon proviously as crueial, While the
desirable qualitics for a valid mcasurc may not have
been agreed upon universally, or uven achicved, this
quostion must be addresscd by thesc in sphthalmological
research, However, for the present neods of the mil- :
itary serviecs, if not for elinieicns in ceivilian practice,
it may be assumed thot the best test is -~ne in whieh
experimental studics indieate satisinctory sensitivity,

2 mean and range which arc in agrecment with ophthal-
mological expericnce, and an adeguate reliability or
consistency of measurcment, In addition, the mothod of
choice should employ the type of ocular irncrvation which
differs lenst both in degrec and in kind from that normally
employ.d in binocular fixation, Finally, the preferred
mcthod of measuring hcterophoria should be 2t cnee as
gsimplc as possible, ond at the same time eapable of
standard administration,

Summary

1. Thc findings of Scobee, and the results of the
cxperiment which are prosented above, recommend the
Haddox rod test as a military neasure of latersl hetero-
phoria which is as satisfactory as the other two methods,
Its advantamces ore:




2.

The consistency of measurcment is ot least
as great as that with the othor tests studied,

The distribution of scorcs indicotes thet
small devintions con be slicited over a
widc range of measurcments.

The correspondence botween means and variabe-
ility mcasurcs for first and sccond cxaminctions
compares favorebly with the correspondence
found with two cther clinieal mcasurcs,

Stondardization of technique can be achieved
since the mcthod ~f administration is simple
and thers is ¢ minimum of interference by the
cxaminer,

The amcunt »~f time required for expleanation,
demonstrotion and testing is minimal.

The roliecbility of cach of the latsral hetero-

phoria mcasurcs at twenty foct exccoods its reli-bility
at thirtecn inchcs,

Conclusion

The Maddox rod test is as satisfoctory o moasure for
1ataral heterophoria as cithoer the sercen-ltoddex rad
or the scrcen and parnllox tests, Accordingly, the liaddox
rod test is accepted ns =2 stendard clinical measurs for
evolusting the visual serocning devices studivd in Part II

below,




PART 11,

COMPARISON OF THE MADDOX ROD TZIST FOR LATERAL

AND VZRTICAL PHORIA 7ITH PHORIA TESTS INCORPORATED
IN THREE VISUAL SCR==NING DEVICES (Keystonc 'Tele-
binocular"”, Amcrican Optieal "3ight Serccner' and

Bausch & Lomb "Ortho-Rater")

Introduction

Data from a previcus study (19) which wos also ro-
ported tc the Army-Navy—CSRD Vision Committee (20)
indicated that visusl scrcocening devices might be ace
eeptable for ocular tests in routine physieal exominotions
of military personnel,

The results reported in the first portisn of the
present cxperiment are in agreoment with those reported
by Scobee - that the Maddax rod test for lateral heteoro-
phoria is an adequatc measurc of horizontal ceular msele
imbzlonee, That test tekes advantage of the faet that
the eycs will supcrimpesc two relatively different
uniocular impressions into a single binoculrr pexception.

Duane (7) mekes 2 distinction between tests whieh
employ alternating "Binoeular fixation", such 2s the screen-
Maddox rod and the sercon and parallax {cover) tests, and
those which involve '"binoceular vision'". The laddox rod
test requires similtaneous macular perception of relotively
dissimilar objects (a light strcak and a dot of light)
and while the screening devices involve heterophoria
targets and a method of presentation that are differcnt
from those in the Maddox rod method, the basic principle
is essentinlly the same. The similarity is stressed
by redefining the concept "heterophoria®; from an oper-
ational standpoint it is the deviation of the eyes which
:i.s c):vercome and rendered latent when fusion is permitted

21 -




Description of Tests

The Hoddox rod test displays a light to the left
eyc and & strezk of light to the right eye. On the other
hand, the phoria targets in the instrument tests display
arrows or lines for onc oye ond dsts or steps for the
other cye (Figs. 2, 3, 4, 5, 6, 7).

The Ortho-Rater incorporates an additional feature,
in thet while the right cye views a row of dots on the
targets for lateral phoria, the left cye is presented
with an arrow pointing 1 the middle ane »f threc horizon-
tal dots. The dots sceen by the left cye fusc with those
scen by the right cye and thus tend to minimize shifting
of the arraw loterally, Minimizing the laterzl swinging
in this fashion is presumed to moke the measurce more
stable,

Another difference in the instruments lics in the
illumination, -The Telebinocular tergets ore illuminated
from the front, while thc Sight Scrcener and Ortho-Rater
targets arc transilluminsted from behind, In oddition,
the Sight Sercerer is unique in that the Polaroid vectograph
principle is cmployed for presenting individunl torgets
to cach cye.

Decenteored convex lcnses orc a part of the optical
system f5r the equivalent of the 2C foot distance in
each of the instruments, In the Sight Serczcenar, however,
the targets for neoy are viewed 2t an actusl 1L inch
distance without the interposition of prismotic lenscs.,

Procecdure

The present cxperiment was an integral port of the
procedures described in Progress Report No, 2 (22) which
has becen submitted for approval to the Bureou of Medicine
end Surgery, For details of the ordor of testing,the
conditions which obtained, and the general conduct of
the test, reference should be mede to that report.

-




Test F-1 (Phoriz) Vertical

123456 8% :0-112:3:4:5
0000000000000 000000

Test ¥-2 (Phoria) lateral

Jrtho-Rater tarrets for vertical &nd lateral

rhoria at tze ctticsl enulvzlent of 20 Tzet.
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Test ¥-4 {(Phoria} Vertical

SEOSOPRBORRRER '_'..".

Test N-5 {(Phoria) Lateral

Fig., 3.

Crtho-Iater targets for vertical and latersl

shoria at the optical equivalent cof 13 inehss.
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Fig. 4.

Sight Screener target for Lateral Phoria at
both the optical equivalent of 20 feet and

at an actual 14 inches.

Fig. 5.

Sight Sereener target for Vertical Phoria at
both the optical ecuivalent of 20 Teet and

at an actual 14 incres,.
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In recopitulation, it mey be stated that the present
experiment involved the measuring for ocular musele
imbalance of 121 individuals with-ut cye glasscs., For
the Hnddox rod portion of the test, the procedure de-
seribed in the "amiel of Ipstructions for Testing
Hoterophoria® (1) were: followed cxactly. This method
empleys the Haddox rod, and differs from that reportced
in the first part of this paper in that the subject:
adjusts the Risley prisms of the phorometer himsclf,
and the near target is depressed to o level of 6 inches
below the level of the subjeet's cyes at the 13 inch

C distanece., This latter change has been recommended
in order to cpproximate the visenl axcs »f the cyes more
closcly to the reading position, instead of looking
directly ahead for the near point mcasurement,

For the iladdox rod test, the w211 brightncss was
measured by a Hacbeth illuminoneter at cye level as 0.5
apparcnt foot eandles, 'lall brightness around the 20
foot light from the obscrverls position wns 0.2 apparent
foot candles,

- In measuring lateraX hetorophoria with the Haddox
rod, the streak of light is placed on the exorhoria side
of the zereo mark on the Risley prism sealce before the
measurcment is begun. The instructions to the subject

as to how he would adjust the prisms were exactly as
prescribed in the Mamel, One objective of the experiment
was, after 211, an assessment of 2 simple method requiring
o minimm of instruction and supcrvision. In most cases
the subjeet rotated the prisms during the course of the
mezsurcment without pausing or reversing the direction
of movement until he indicated that the end-point had
been reached, In scme cases, however, a subject would
reverse the dircetion of prism movement spontaneously
onc or morce times before the mcasurement was completed,

The procedurc described in the Bausch and Lomb
Ortho=Retcr PStendsrd Practice® manual (23) wos followed
in using the Ortho-Rater, However, sinee the Sight




Screcner procedure measures the extrome of excursion

as 2 maasurc of lateral heterophoria, a similer procedurc
was adoptcd arbitrarily with onc Ortho-Rater for purposcs
of comparison. A see-nd Ortho-Rater was studied, and in
using this instrument only the standard procedure wes
followed, Thc data from these two mcthods and from the
stondard administration of the two instruments arc
comprred.  In the Telebinocular tests, the subject read
the velues ot which the indicat-r ceame to rest.

It was assumed thai any crror of phoric measuroment
inherent in the opticel systaem =f the instruments would
be moxdmal for subjects with extremes of interpupillary
distance, especially for measurenents at the ncar peint,
(24). Accordingly, thc data for near lateral phoric were
dividcd aceording to the subjects'! interpupillary distance
as dectermined by five measures using an N.D.R.C. inter-
pupillometer (19) (Figure 8).

Finally, an cffort was made t> dotermine correlation
between heterophoria and onge.

Since the unit graduntions of hetorophoriz measurement
varicd for lateral and vertical dovictions, it was noc-
essary to cncode the results -f the cliniczl test so thet
the data could be handled convoniently., However, statist-
ical results from the Maddox red have been decoded
and are presented in clinical ophthelmslogical terms,

Interpretation of Scores

The Bausch & Lomb "Ortho-Rater™ results are expressed
in terms of an arbitrary score as recd from the instrument
and must be converted into clinical units in accordance
with the values stated in Table I (25},




Fig. €,

N.D.R.C. Interpupilloneter




TABLE I,

Standard Equivalents for Ortho-Reter Scores

Vertical
Phoria Far Left Hyperphoria Right Hyperphoria

*~R Score 1 2 3 L 5 7 9
*+PIE 2 121 1 o 13

Lzteral
Phoria Far Esophoria Exophoria

O-RSeerel 2 3 L 5 6 10 11 12 13 . 15

7 8
PTE 63 5% 43 33 2+ 12 3 & 1f 2% 3% 4t 5% 6% 73

Vertical
Phoriza Near Left Hyperphoria Right Hyperphoria

7 8 9
1 12 2

=

0-R Score 2 3 L

6
FDE 1 2 o0 1

Lateral -
Phoria Near Esophoria Exophoria

0-R Scorc 1 2 3 L 10 11 12 13 14 15
PIE 62 5 3% 2 1 7 8 10 113213 143

#0-R ~ Ortho-Rater.
*#PIE -~ Prism Diopter Equivalent.




The &, C. "Sight 3Sercener! valucs cre queted fro:m

2 key supplicd with the instrument as indiceted in Table IX,

TAZlE 11,

Standard Equivolents for Sight Screencr Scures

4. Vertical

Fhoria Near Mfusele Selance (Verticel)

and Far Space between two
Adjacent Dots Bquals 2
Prism Diopter Line for
Orthophoris Crosscs
Fourth: Dot From Top"

Left
Hyperphoria

= Orthophoria

Right
Hypephoria

o
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3
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*
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&
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r
3
3
I
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B. Lateral Phoria, Far and Noar

Minscle Balence (Latoral) Space Sctween Two Adjecent
Dots Equals 1 Prism Diopter. ILine for Orthophoria
crossces at the mambered 15",

2 4 6 8 10 12 14 16 18 20 22 24 26 28
R I BRI G - <N SRR - B B
Esophoria ! Exophoria

!

1
Orthophoria




The Keyst- ne "Telebinocwlar™ valuzs for latersl
heterophoarin for far and ncar are read dirsetly from the
targst in torns of wrisn disptors. Tho velues for for

vertical phoria are ns given in Table III,

TALLE III

STANDIRD IRUTIVALLUTS FOR TTLZSINCOCULAE
VIRTICAL PHORIA SCORTS

Right Hypcrphoria Left Hyperphoria

Telebinocular 1 2 3 4 &5 6 7 8 9
1l

P.D. Eouiv, 2 1} 3 0 3 1 1} 2




Resuvlts

The data fron the present oxperiment arce cxtonsive,
In ~rder t: dcdinente ths necess~ry compnrisens, dntn
arc presentod in nony individusl taobles,

Table IV summarizos the crnsistoney of the measurce
ments for lateral ond vertiesl heterophorin ot 20 fect
distancc (or its opticel cquivalent), The following
veiucs ore 1listed: (1) product noment rcliobility co-
efficient (r), (2) test ncan in terms of the valucs
deseribed avove (T.K.), (3) tost stondard divi-tion
(T.8.D.), (4) retost mcan (ReT.M.), (5) rotost standard
devistion (R-T.S.D.), (6) standard crr-r - roicst ostimnte
(E.E.). The letter "E! indicatos csorhoria, "I" indicates
exophoris, "LE" ond "RH" indicates ledt hyporghoric and
right hyperphoria res»ectivaly,
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Retust Consistoney at 20 Fuct,
Lateral Heteropheria,
Kethod T.M, T.3.D. R-T,i.
Haddox Roc E1.30 3,72 E1l.12
Ortho-Rater 6.79  2.72 6.59
Sight Sercencr 14,94 1,48 14,60
Telebinocular E1.,48 2,31 E 2.20

Verticel Heterophoria

Maddox rod LH 0,08 0,54 RH 0,28

Ortho-Ratcr 5.17 1,07 5.11
Sight Servencr 3.06 W37 3.02
Telcbinoeular heTl 1A 4.73




Teble V swwmarizes the consistency of the mcasure—
nents for lateral and verticel heterophoria at 13 inches,
or its ~ptical equivalcnt, by coch method, The columns

ors the sname as tnose in Table IV,
TABLE V

Test ~ Retest Consistoney at 12 inches
4, Lateral Heteropheoria
Method r T.H, T.5.0, R~-T.Y, R-T.5,D, E,E,
. Kaddox red 867 X 3.8, 6.02 X3,04 5.65 2,82
Ortho~-Rater .92 .08 2.76 7.51 2.69 .03
Sight Sercener .831 17,07 3,33 16.30 2.97 1.65
Telsbinoculor ,260 E 0.48 5,69 E 1.16 5,46 2.59

B, Vertical Hoterophoria
Maddox rod 677 RE 0,50  ,61 RH 0,50 57 A2
Ortho-Rater  ,62& 4,50 .83  4.59 .83 .65
Sight Scrcener ,551 3.02 34 3.06 .39 .33

(Thcre was no Telebinoculsr nenr vertical phoria measurs,




Table VI presonts the rcliability coefficicnts for
the four Maddex rod tests. Shown also arc reliability
cocfficicents for 2ech of the saveral tests under cone
sideration, cnd cocfficiconts between instrument tests

an¢ thc corresponding clinical measurc,
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In Toble VII are listed thw wvolucs f2r (1) Ortho-
Ratur No, 1 employing stondard proceduers for Intorzl and
vertical hetorophoria measurcments, (2) the samc instru-
ment cmploying the "excursion® type of mecsurcmcnts for
far and near lateral hetorophoria, (3) volucs for latoeral
and vertical hotoropnoria by Ortho-Rater Noo 2 employing

standard proccdurce and sperated by o scené exandinor,

. The valucs ars in Ortho-Rotor vndis.
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TABLL VIT
Test Reliabilitics ~f Two Crtho-BRrters

and
Two liethods of Froccdurc

Hetorephoria at 20 fcet,
Ortho-Rater " Lateral
¥ethod T.4, 7T,5,0, R-T,M, R-T.S.
Excursion ;1 . 7.37  3.14 7.03
Stendard 2 6.79 2.72  6.59
Standard i#2 6.8 2,95 6.46

Verticzl
Standard (A1 . 5.17 1.07 5,11

Standard #2 5,00 .86 L.88

Heterophordie ot 13 inchus.

Loternl
Ixcursion 1 . 8,19 2.91 7.33 2.72

Standard 1 . 8,08 2.76 7.51 2.69
Standard if2 6,46 2,80 5.82 2.68

Vortieal
Stendard #1 4.50 .83 L.59 .83

Standard {2 4,70 .87 4.76 .84




Table VIII rresents the mean near lateral reading
for each 2f the three instruments, tabulated for each of
three groups: (1) 23 subjects whose IPD was under 62 mm.,
(2) 63 subjects whose IFD was betwsen 62 and 65.9 rm.,
. and (3) 35 subjecis whosc IPD was 66 mn. or above, The
values given are the means for each of the measures for

lateral heterophoriz at 13 inches.

It is to be noted that the 3ight Screerer is the
only one of the instruments studied in which the near

targets are viewed without the interposition of prismatic

lenses,
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R
TAZL: VIIT

Lateral Hetcrophoriz at 12 inches
iltan Jeores for Eaeh IPD Croup
Under 62 mm, 62 - 65,9 m,

a. Hensurcnont with Prismatic Lerses

Ortho-Rator g,.24 7.63
Telchbinncuinr g,06 2,51

B, lessurenent withiout Frismetic Lenses
Sight Screener 156,96 17.49

Maddor rnd X 4,20 X 3,12

-31 -
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an effort to find significant 2gc e-rrilatis in
this study wzs essentially fruitless.

Discussion

A prceccuding scetisn ~n Intorpretation of Se-res
was included in this popor for the reason that its need
is at once arparont when onc attompts to evaluatce tho
data., The difficulty is that with the cexcoption <f the
Telcbinocular slide for lateral imbalances, the seale
units -n the phorie torgets supplicd with woachk instrument
arc designnted by arbitrory code digits, For cach code
the smanufactursr of the dovice supplies a conversizn key
wirich is adoquate for clinicel purposcs,

However, thore is nc certainty as tz whether the
conversion valucs for phorin seore intcervel limits should .
. be assigned %o the mid-paints or to the linits of the
scalc units. Until details »f thc sczle conversi-ns are
availabl:, onc is not justified in converting arbitrary
instrunent sczrc volucs int~ prism dioptcrs, In this
peper no deeded instrument valucs arc presented,

The datn presonted in Tables IV and V suggest that
the stobilizing focture incorpornted in the Ortho-Rater
latcral phoria slides might account f£or the enhanced
reliability for this method in cermarissn with other mothods
of moasuring latcral hctorsphoria. It is porhaps cbvisus
that a stabilizing feature in measurcs :f izteral phoria
improves consistency, The ouestion of the validity of
such o featurc will bc ceonsidercd later,

The rcliability of the Maddx: rod tost for distance
is not as high when the subjcct adjusts the prisms, os
that found in the first part oI this paper whon the
examiner nckes the adjustmart. For the nenr ledd-x'rod
tost tht roverae is f-und, It should be romcnbered,

i howeveor, that there is als» a change in the viaring angle
for near in the present cxperinent,

- 32 -
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X

Tables IV and V indicate that, with the exception
noted above, each of the four methods correspond with the
others in consistency and there is iittle choice anong
them. All of tiie lateral pheria measures are more Cone
sistent than the vertical), in temms of reliability co~-
efficients, rieans, standard deviations and errors of
retest estimate,

The reliability and validity datz for phorias in
Table VI merit extended discussion.

(a) Eack of the near lateral reliability coefficients
is higher thar the corresponding value for far., The op-
posite had been anticipated, on the basis of the results
of the experiment described in the first part of this
paper,

{b) The :addox rod reliability coefficients for
lateral phoria at 20 feet and at 13 inches are signif-
icantly larger than the inter-correlation coefficient
between the near and far measures, A similar finding
by use of the Crtho-Rater has been reported (19).

(¢) The inter-correlation data for the instruments
versus the criterion Maddox rod test are nct 2s high as
the reliability coefficients for either the instruments
or the liaddox rod test. It is possible that the instru-
ments are not measuring the identical functions deter-
mined by the lnddex red method, Verhoeff (14) has moade
a statement cuoted in the first part of this poper that
for tests by use of stercoscopic devices "the observer
has no accurate idea of the distances concerned", At
least, the observer has a feeling of nearness cf the
targets vhen using scrcening devices, and this attitude
may influencc by assnciation, the impulse to accammodate,

(d) In general, the lateral phoria measures elicited
oy the instruments correlate sligirtly better with the
Haddox rod lateral phoria equivelcnts than do the cor-
resronding valucs for the vertical measures,

3

- 33 -




(e) Thc comparison of two procedurcs in administer-
ing the laterzl phoria test oy the Ortho-Reter indicates
that the stnndard procedurc is miors consistent tnen the
so—called "excursion' procedurz., Two different Crtho-

vers with standard proccdure, elicit ncarly identical
ain for means and standard doviations Ior distance
and ncar,

(f) No correlation of phoria scores with intor-
pupililery distzonec is'noted. From the IFD analysis {or
this smell population, it happened thet the group with
n2rrow IFD was slightly merc exophoric (G.06 standard
deviation units frox the total group mean); the middlc
IPD group was slightly more csophorie (0,12 standard
deviation units from the totzl group averace); the wide
IPD grour was alsc more exophoric (C,09 standrrd deviation
units from the total group mecan), Thesc differcnces in
Mrddox rod scores are probably insignificant, 3But it
is interesting that ther arc reflected alsn in the mean
instrument scorcs shown in Table VIII, :

{(g) I+ hns been nated in the soction on Results that
the datz show nc meaningful corrclation betwren z2ge and
phoria minsurcs. The correlation cacfficicnts tended
to be magrifi:d witkh the oldest group, bub ithisz cnn de
attributcd t~» +the onhoncod verdiabilitss 27 thu (ider sroup,

-3 -




Sumery

1. Three visunl scroening devices were used to measure .
hotcerophorie on 121 subjccts who were nlsc testcod
by the Maddex rod method,

2, A comporison of the date from the twe experiments -
suggests that for the measurement at the near point,
the angular deviation of the eyes from the horizon-
t2l position is apperently criticsl. The rosults
obtained when the cyis arce in the position usually
coployed in roading are more consistent than vhen
the ncar measurcment is made with the gaze directed

. korizontally forward,

3. Tic data from the two experiments suggest thot clinical
nmeasursnents of hotcrophoria are riorc consistont when
the cxaminer adjusts thc phoromcter prisms than when
the subjuct makes the adjustoont.

L. There does not scem to be any justification for the
use of arbitrary dosi-notions for hotcrscpneria scores .
in non-clinical torms, Such usc of codod digits
complicates any statistical annlysis of dato obtrined
from visual scrcening dovices.

5. & comporiscn of the neasurcnents obizined oy the
lizddox rod ncthod with thosc obtainced by the usc
of visuzl scroening devices indicates:

a. That visual screvning devices arc apparomly as
reliable as the clinical mcthod for thoe measure-
ment of hetcrophoria,

b, That the instrumcnt tests do not corrclcte well
with the clinicel test; it is possible that this
is due to somc defeet. in construction of the
devices or in the method of neasurenent,

P 0o ey o T B LT iy i T T P



¢c. Thot further reoscnreh is indicated to cstoblish
why 4reore is nc merce correspondencs betweon
tht elinical ~nd instrument casurcs,

No significnnt correla

ticn betwoen hetoerophoris and
ceithcr inteorpupiliory dists
notcd,

nce or age grouping w

.{:‘ 'i'.‘-s
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