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Determination of the proper checkerboard target for V.E.R. refraction

Abstract

The VER will be in widespread use in optometric clinics within the near future. The VER, in the
experimental laboratory, is showing itself to be a valuable tool in precise objective measurements in the
visual analysis of an individual. The VER will not only be able to do refractions, but will be able to take
phorias, ductions, measure fixation disparity, color vision defects, visual acuity, and check on the cause of
amblyopia. In doing refraction, the sinusoidally presented checkboard has proven to be the best visual
stimulus. This paper deals with trying to determin the optimum checkboard parameters in doing clinical
refraction. These parameters include pattern rate and relative contrast..
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ABSTRACT

The VER will be in wldesspread use in optometric
clinies wlthin th2 nzar future. The VER, in the éexperi--=
S b2
mental laboratory, is showing iltselfl toﬂa valuable tool in

preclse objective measurements Iin the visual analysis of
: 2
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an individual, The VER will not only be able tohrefractions,
but will be able to take phorias, ductions, measure fixation
disparity, color vision defects, visual aculty, and check

<

on the cauze of ambl:

%
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In dolng refraction, the sginugeidally presenﬁed
checkboard hag proven to b2 the best visual stimulus. This
paper deals whthitrying to determine the optimum check-
board parameters in dolng clinlcal refraction. These para-

maters include pattern ratecand relatlive contrast.
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V.E.R. investigations have been around for over forty
vears. The technigues for measuring the V.E,R. have

>

basically been similar in character, but have varled oniy

H

echnelogy us

ot
o]

in ti

[
<

i

g to mezsure a2nd recoprdthe braln waves.
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1 in magnitude,
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VER 1

T

Since t sma in comparison to the

"noise" that is picked up by the detecting elsctrodes, an
averaging system must belused to factor out the elect-
rical potentials that are not stimuluz related and leave
only the stimulus dependent VER. Originally, the averaging

1

was accomplished by setting the oscil

F-—I

oscope down so low that

a single sweep could not be detected visually. After many
sweeps of the cscilloscope, oniy the non ramdom»signale would
ovérlay sufficiently to trace out a &isually detected fﬁﬁction“
this was the'VER. Today, thls averaging 1s doe by hign

gepeed computer.

The type of targst that the patient views is

3
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vary

he type of VER produced. This 1is logic-

o

critiecal factor in

s stimulus dependent and the

Pn

o
lcally so be:zsuse the VER t

-character of the resdonss (VER) isg directly related to
the stimulus character.

The standard target used nas been the checkboard pattern,

because 1t has been shown that the magnitude of the VER 1s
dependent on the relatlvs contrast and the number of bordsrs

composlng the targetf. Emplcally, 1t has been shown that



the checkerboard 1s the most visually stlmulating
pattern there 1s.

The tests of clinical functions involve:the analysis
of neural actlvity evoked by speci%ic visual stimuli;_ The
activity set off by & visuzal stimulus isg highly‘Variable
and is often obllterated by mvch larger spontanecus activity
(alpha rhythm). Therefore, the stimulus must be repeated -
at least twenty times and the VER averaged. Traditionally,
pulege stimull have been used in these tests. T he VER's
that result are complex and vary from subjeét tc subJect, and
last up to one-half of a sedond. The stimulus must not
be presented more frequently than once every two or three
geconds, or the size and shape of tha VER will systematlcally
change during the session.

The best electroﬁhysiological correlates of stimulus
strength are simply latency and amplifudé of VER. Complex
analygis;bf these complex VER's add little»if anythling to
these correlatione, Thus, most of the information inherent
in a complex VER 1g wasted. Also, extended repetition of stimull
at slow rates ig tlme consuming and boring to the.pafiené. =

Within the pést Tew years; sinuscidally modulated stim-
-uli have been used in VER sfudles. If the stimuli are presegted
at a rated of 8-16 Hz, VER poténtial is roughly sinusoldal.
With this type of presentation, tﬁo séconds areneeded to
generats a VER., The phasic shift , amplitude, Integral of

the VER, and the Fourler analysis of the VER function ars



all excellent predlciors Qf stimulus strength and are more
eagily measured than the analogous measurements of complex
pulse evoked VER's,

In comparing the pulse stimulus presentation fo the
sinusoidally presented stimuli- thé pulse technique which
allows foritremendous variability 1n VER trace., The Sinusoidal
presentation almost eliminates fhe parsonal Chatacter_and
simplifies the data. The Modulated stimulug is so powerful
in 1te stability that when a éubject concentrates ~his amp
litude of response 1s less than 1f he relaxes and lets
his mind wandery The implicationssof thls phenomenon in
clinical use are fantastic. Now the c¢linician will no rz.1l-
longer have to worry about the attentlveness of his patlent,
becauge incréaéed attention wlll only interfere with the
rezults,

The sinusdidal modulated checkerboard is also inter-
asting ih its inherent properties. The mcdulating contrast
is an ongolng stimulus whlch allows the space average
luminance to remain constant. In this mannef it 1s posszible
to detect the funectional propertlegs of the wmechanisms
regponsible for the transmisgslon o spatial signals in
isolation from complicating factors wuch as light and dark

adaption.
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The V.E.R. has been proposed for thé testing of the
following:
1. a) Rafractive state for distant vislon
b) Amplitude of accommodation
2, a) Visual scuity
b) Organic and functional amblyopia
3. Monocular fixation polnts
L, Binocular eye movement coordlnation
a) Strabismus
b) Accommodative - convergence interaction
(Heterophoria)
¢ ) Fusional vergence amplitudes

d) Fixation disparity

Therefore, the V.E.R. hasg potential for conductlng
moat of the twenty-one poilnt visual analysis and strabismic
testing. The purpose of this study is to try fovdetermine
the optimum check slze émd contrast necessary for clinical
work.r i |

The litérature related to this study inclusdes the
following: Spehlman, 1965;_Harter and White, 1968, 1970;
Ludlam and Meyers, 1972; Duffy énd Rengstorff, 1971;
Dawson et al, 1972, These papers have shown that amplitude
of the V.E.R., 1is largest and the latency shortest when
the briefly 1llumlnated checkerboard pattern which evokes
it, 1s 1n focus, Spekrei%é, 1966, Cobb et al, 1957, and

{
Tweel et 2l{1970) nave also shown this with pattern move-
ment as a stimulus. Capenha?er and Perry (1964} and

o I ' . . . o Yy s . . -
Tifshitz {1966} heve shown 1t with other stimulus con-



figurations. Harter and White (1968, 1970), Ludlam}and
Meyers (1971) , Duffy and Rengstorff (1971) , and Dawson
et g&_(lQ?E) have used.this information to perform clin;cal
refractions. Most studles show excellent agreement betwsen
V.E.R. and subjectlve refractions

Millidot and Rigges (1970) introduced an innovation
whereby they performed a V.E,R. refraction with the check-
board pattern. This technlgue had more rellablliity than
subJective testing

This ¢+udJ 1s largely based upon one article
Campbell and Maffeil \1970)

ir *h@ V.E,R. is to be used in a clinic, there

shomld be two checkerboard targets, one a partlcular pattern
rate { cycles per angle)} which would be sensitive to ref-
raction for non- amblyopi eyeg8, the other a‘coarsé pattern
that would bhe insensitive to small lens chénges, wnich
would be Qseful‘for amblyopic refractive and qualitative
tests. Both of these targets should evoke a V.E,R. that has
a high signal to hoise ratio.

In Fig.#1 a graph of VER amplltude ve. log confrast
of a chéckeéboard gtimulus 18 drawn. The values that are
-indicated on the grapnh are only put in for 1llustration
only, éxperiments following thig ons wlll be nacegsary to

n Flg., #1, thers is
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determine those valusa., A

a direct, straight-line relationship beiwesn VER magnitude



and log contrast until a éertain contrast la reached and

the VER amplitudes levels off., At the plateaun, for tha various
functions, an incresase in.contrast of the stimulup does

not result in an increase im VER.

According to the modulaied transfer function (MTF) for

the visual system , thereAaré two patterned rates (¢/°) for.
each VER vs log contrast functions excapt the optimum pattern
rate, All rates;and.BOﬂtwastfﬂambinations, hﬁsidés the
optimum, have two rates that will colnclide on the graph.
Thie 18 becausgs the eye when 1t ls exposged to targ
than the 1deal conditlon progreselvely loss sen itivity
to the target due to a subthreshocld aculty level., A simillar
funcetlion is true on the coarsze glde of the optimum rate,

As the checks of the

&

[y

imulu

17]

get coarser angd courser the
number of corders are reduced, thus rﬁéuoing visual giim-
ulation and cutting down on the VER magnitude.

The palr of rates/function 1s convenient for the deslire
ﬁoahave10ne ctandard testing functlon composed of two check
glzes for amblyopilc and nan-amblyopic ayes as'mentioned
praviougly.

The ideal pair 1s tHe one which wlll:

(1) increase, for each level of contrast, a
maximum: VER

(2) a maxlmum signal/noise ratio

(3) a function wighin normal.range of confrasts

which do not plateau within the working rang=.%hen there 1z

B
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ts were used; 3.T, was,af35s§e&rnéld emmetrope and
oBg_was a 26 year old 1.00 D°7hyperope, Three electrodes
are uged ﬁd record the VER. One electrods was placed 2.5

m, above the inion zlong the midiine snd the other two

ere attached to the two earslobez. An averaging computer
as used toc teass out the stimulus depehdeﬁt VER. The check=
oard stimulus was placed a dlstance of twenty feet from the

ubjecte. The checkboard was generated by a television

sereen, The T.V. scrsen was designed and bullt by William

Dunn under Dr, Thorn's guldance, The T.,V. can generate any

8
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ize checks, at sny contrast level, and modulate at any
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2. leven lens changes were made for each VER triasl., When-
ver a trial wasz made the computer would average and displiay
the informatlion on the oseilloscope in four different |
ﬁnctions; the mean; the standard Geviation; the mean plue
he standard deviatlon; and the mean minus the gtandard dev-
ation., The graph repragented a total time pariod of 142
lllisecénﬁs which included 71 individual time blpne. Within-~
ach 2 millisscond time bin 60 trials were taken. The téle~
yope machline also madevupba punéheé tape to be use& to run -
he X-Y plotter for fecording all data.

Batween each trial the patient swung a cardboard shleld

n front of his eyes to prsvent a long visual sexposurs to the



flashing checkboard.’ Thls wae done to prevent the cortical
neurons from becoming exhausted éﬁd reaucing the VER amp.

Tha Pig@t eye was used for each trial( an arbltrary decision)
and 2 black oceluder,that fit into the trial fﬁame, Waé uzed to
block off exposure fo the leftreye.

The checkboard screen was a clrcular 3.3° visual angis
stimulue., The room 1ights.we§e turned off at all times
during the experiment. |

Two sgerles were attempted, One was a high contrast
gﬁi@p;gsgaéﬂ the other was a low contrast stimulus viewed
through the series of elaven differemt'lensas. |

+
H t e N
[ f H -l

Data:
Subject~ 8.7, High Contrast Serles
Contrast- 85%
Mean Luminance-57 ft. lamberte
Pattern Rate- 1 cycls/degree visual angle

Lens VER Ampiitude{arbltrary valuess)
‘vl 214
+5.00 159
+2.00 149
+1.00 236
+ .50 257
+ .25 341
pl 371
- .25 333
- 50 358
-1,00 289
~-2,00 378
~&5,00 347

Pi 367



Q) o

4

Subject- Z.B. Low Contrast Series
Contragt- 20.7%
Mean Luminance- 77.6 f£%, lamberts -
Pattern Rate- 1 cycle/degree visual angle

Lans VER Amplitude
+1.00 : 330
+7.00 311
+3,00 254
+2.00 313
+1.50 : 390
+1.25 354
+1,00 282
+ .75 272
+ .50 298
pl 34
-1.00 336
-5.00 320
+1,00 287

Subject- Z.B. High Contrast Series
Contrast-~72%
Mean Luminance~ 82.4 ff, lamberts
Pattern Rate- 1 cyecle/®

VER Ampllcude

Lens

- +1.00 399
+7.00 188
+3.00 261
+2,00 381

Amplifier broks down!

Concentration vs. No Concentration

Subject~ Z,B. Same stimulus values as low contrast serles.
-3,00 gconc,} 283
-3.00 {no conec.) 320
- Algo,included in the thegls are the actual X-Y plots

completely drawn by the computer,
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Discussion:

4]

S.T.'s high contrast trial went very well but ﬁhen
the low contrast trial wasattempted the results weré not
gignificant, A further time wag set aglde tor a repeaﬁ
on the low contrast but the ampiifief brome down and the
completion of.of S.T.'s data could not be done before tﬁe
deadline of thie thesis,

Z,B.'s low contrast triai went weil but the high con-
trast triazl conld only be partiaily completed becauge of
the same amplifiier breaking down.

The graphs show 2 low V,E.,R, amplitude on\thé plus
leng slde of the lens series due to the blurring of the
checkboard. As the + lenses reduced In value relative to
the gubJectls refractive error,determined subjectively,the
amplitude of the V.,E,R. rose to a maxlmum.

The only variation in response between 8,7, and Z.B.
was 1n the minus lens series {increased accommodative |
stimuli), S.T. kept a high V.E.R. magnitude throughout
the ﬁinUS‘leps serles, where Z.B,'s amplitude fell off
qulte a bit.‘These differences may be associatédcﬁith
Z.B.'s gccommodative problem, which has been demonstratéd
in thes clinic. |

Comparing Z.,B.'s low contrast to Z?Bc's high contrast
V.E.,R. amplitudes 1t 1i=s o5vious that the high contrast

evokes a higher V. E.R. potential, This is consistent with
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the work done by Campbell and Maffel (1970). The work that
must be done to determine the optimum check egizs for ciinical
work will necessitate many more trials wlth many different
stimulus conditions,in which check sizé is varied in

relation to the checkbozrd contrast.

Conclusion:

This study is the beginnling of a search for ths
optimum parameters needed for clinieal V,E,R. refraction.
This paper outlines the procedures and format for future

regsearch,
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