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Int r od,uct ion 

Tlle purpose of this t hesis was t wo fold~· l ) t o see if an 

optometer device adapted to a phoropte r testing sitU:ation is 

practical and valid, 2) to see if t he·r e is any differenc e in 

response with respect to acuity size. 

We tested 30 subjects, all but one of which were op tometry 

students and therefore experienced observers. The age ranged 

from 18 to 33 with a me an of 24.7 years. of the 30 subjects 

12 were myopes, three of which wore contacts, three eme·ttopes 

and 1.5 hype ropes. 

Each of the three exa.miners tested ten s ubjects. The 

testing was begun after each of the examiners acquired P.:tofieient 

skill in the procedure outlined . 

All testing was done ""'~ t h a single g reen phorop ter in 

room 23 in tbe Pacific University Optometry Clinic. Illumination 

consisted of the two bo·ttom switches and the pboropter ligh"t , 

all of whi ch was measured to be 35 f oot candl es at the ):)l.an.e· o f 

the t a.~: gets .• , 
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13Jtam.ina.t ion Procedure 

I .. General. l nforma.t".i·Oll 
1. Record name, age ,,. and da.te. 

II. npn Pactor 
1. Determ.i.ne upn factor from the following formula usi:ng 

the patients most r ecent visual exa.minatio11• 

u pu = (f¥7 i!: l + ( t7 ... ,.dso ) + ( Red Jrz~een) !_( #~) 
4 

III. Pupil.ary dis tance 
1. D·etermine tr1e f ar Pd by the light reflex me t llod . 
2. Determine nea.r Pd by stfbtra.cting 4 mm from the far :Pd. 

IV,. Testing Procedure (rour:tded to nearest .12° using 35 ftc .. illum) 
1 .. .Near Cylinder 1~est "" 'Jthe target is a reduced snell.en 

20/20 line of let t e rs. Occlude o.s .. a11d add plus to blur 
out and recovery. Occlude o.n. and add plus to blur out 
and recovery. Change tbe target to a 90-180 cross grid 
and occlude the o.s. Ask if t he vertical or horizontal 
l ines are ~:.tarker .. If ve rtical ,, set axi& at 1.80° and if 
horizontal, set the axis at 90. In both c ·ases add minus 
cry lincler asking subJect w11e:t1 the opp.osi te lines are 
darker. Go beyond thi$ point . 2.5° t hen reduce cylinder 
power until the original lines are darker,. Re<::0rd Uae 
mid- \)c,dnt of these reversals as 1ninus cyl:i.11der (no axis 
r-etorded yet) . Now change to a 4..5- 135 ccoss ,grid . Ask 
lf the up--to-right or up- to-left line s are darker . Turn 
axis slm-.rly away from the darker line~ until reve rsal. 
Turn o ppos.i t e direct i on until we have a reversal again. 
Repeat this procedure· until a definite range is 
established aud r.~cord the mid ... ·point of th.:i.s range a.$ 
the axis. If equal stop h ere and ! reave axis at this 
position; if not equal , t urn axis 5° in indicated d ir'lH'!tion 
and leave in this position,. After determining tne power 
a-t1d axis on the o.D. repeat the sa.'tle procetture ·o-n the 
o.s . 

2 .• Take th .. e #l4a using tl1e t:tlternate oc·clusio:n .meU'lod. 
3. Take the l5a from B.I. to B. O. and then from B.O. t:o D .• I . 
4. Take the #14b combined with 54 B.I. b~fore each eye., 
s. Take the #l4b . 
6. Take the # l4b combined ~vith s"s.o. before each eye ., 
1. Take the #l4b. 
a. Take the #14b combined with the heavv ctn~vron. 
9., Detettnine the base l)y averaging st eps #5, 7, and 8 to 

t he nearest l/4D. 

v. Optometer series (rounded t o nearest .12° using 3.5 ft .. candles 
il ~.~mination) . . . • . . .· ·.. . . 4 . • .· 

1. Us:tng the 20/20 optom.et er card we set 14 n.u. o.n .. 
combined with t . 75 cross cylinder with the plus axis 
45°. There are nG cross cylinder or prisms befor·e the 
o.s • . Using the base 'With. its aniso 1 put the base before 
the O.S. and the base •.50 before t he O. D. 
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ln.st~t~etiotun Aslt them if they can see two vertical 
black lines and to report if tlley E:Ver see more than 
two of tllelt*• Occlude the !hYJ,. and ask t.h~ patient to 
keep these letters elear and. re.tlott if they ever blur. 
Next occlud~ tlle o. s . an.d ask them not to look directlY 
at Ute eilevxon during tbe te.sting . Now with both .eyes 
Ul'leoveted instruCt the ratient to 1oc.k at the lett~!'$ 
and to report \'lhethe.t the right or l~ft a:rlU of the 
cnev.ron is the darkest aud mol"e distinct after ea.cb 
lens change. Oo not look directly at tbe lines .. 

Pro<:edure: 'l'he left should 11.ow be darker , if not , 
.reduce the plos before t he o.n. \'ie umv add plus to 
the o.D. un·t il theY. reverse and . .record tne reversal 
-to the neatest . 12P. Add +1.00° to o. s . and deduct 
• . 2.5 .D fcom o.n. and repeat t be above t')rocedure.. 1\epea.t 
\.-ith +2. 00 v. Fl.ip Ct'QS:l cylind(tr to plus axis 13.5° 
and rcp~at: again with +2 . 00 °. In this ease we redueeP 
plus to rever:l>a1 . Reduce o.s. to +1. ooP am.t add +. 2.5 
!o O. D,. and £,repeat • 0 U$e tb.i.s saam:e , p.rocedu:.e U$ifl~ th~ 
ba$¢1 •l.oo • - 2. 00 * and ... J .. oo • Leave o.s. at • 3 .. 00 
and :ted~ce o.n. by •. zso. P1ip cross eylinde.t to plus 
axis 45 ~nd left set should be datkel' • G~ to t'eversa.l , 
add +1.,.00 to o. s . and reduce o.I>. b;~ +.25 • Repeat 
at -a.ooo, -.t.oo o.,. and the base. R.epe:at thie t-"roe«tute 
wi. t~1 t!1e otue.:: optotneter cards. lf the target double$ 
add la-teral p.r.ism (B. I . on l'lus si(te or s.o. on minus 
side) aGtt red\1Ce it to lOAB. o . or a .. :r. if possible. 

Pborias 
1. The target iet a r~duced snell. en 20/20 line usbl&; 14 .t\ 

B.D. (1.s ,. and record.in~ rlt<>ria from n.I. and from B.o. 
ife use these s ontrols lll th~ follovdng orde.tt base , 
+l.oo :• +a.oo t>' +i .QO~ , +l .OO~ t ~ase , • 1 . 00 °t • 2 ,. 00 :a, 
... 3,.00 ,, -.J,.oo • ,.. 2 . 00 , - 1 . 00 • base . 
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Target Discription 

The optometer targets were devised with suggestions from 

:Or .• Pratt and Dr. Haynes as they had experimented witb. similar 

targets. T.he cards were made 9 l/2u x 11" so that tl1e subject 

could not see the edges of the card. ('fhe field @16n through 

the Green 's phoropter witllout turning the eyes is approximately 

o•• to 6 1/2•- in diameter). The vertical black lines were ruled 

on with India ink ldth 1 1/16" between tl1e lines and 1 5/16" 

between their outer edges and the width of each line being 

l/8n. The li11.e of letters ( 20/20, 20/40 , and 20/80) were cut 

from tl1e Bausch and Lomb r-educed Snellen card and glued to the 

card so that they ap-peared straight ahead . These lett ers had 

an overall height of . Br.unt l . 2mm; ani 2 . 4mm resr)ect ively . The 

chevron was cut from tbe: bold cr<>ss grid card available at t he 

Pacific University Book Store and glued on the card with its 

bott()m edge S.2 em above the top of the line of letters . n1,e 

chevron's li.nes ar,e . 9 mm -wide ""lith a . "'! nua space in betweell 

the lin;6s . As the patient sees the field the chevron. is 

approximately 1.1 (j peripheral from the line of letters. With 

approximately. 14
4
base up before the right eye its view is dis• 

placed down so that t h e chevron is just above the line of l et ters 

seen by t lte left eye. ~Vith the left eye viewil1g the letters any 

change in power before t he left eye is a change in the stimulus to 

accommodation. Peripherally the chevron is equalized by means 

of a ·Crossed. cylinder. !.75 cross cy'linder 'l.>~a.S used because 

the chev.ton is peripheral and larger than normally used. Tbe$e 

were made by gluing two ! .37 er'Ossed cylinder ttlgether. The 

resulting change in po\,•er for the right ,eye is a. measure of the 



response of accommodation due to the change in stimulus for 

the left eye. 
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Figure 1, page 6 shows the vie\,.r seen by the l eft eye with 

a 6 1/&H field centered around the line of 1 etters . The r ight 

eye sees the same view but with a 6 l/2n field centered aro.um 

the chevron. 'the subject ·when fusing the two vertical black 

lines whicb are common, sees the composite photo seen in 

Pigu.re 2 1 pa.ge 6. The phoria card is the same as the 20/20 

optometer card; but with no vertical lines. Figure 3 shows both 

sides of the card used for the near cyllnder test and standard 

cross cylinder tests. These two are available at the Pacific 

University Book Store and were glued back to back. The diagonal 

cross grid was used for the 14B with and without prism 'l:lS·i ng 

again the !.75 crossed cylinders. 
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Calculations 
and 

Data Sheet 
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The 14B+, 14B""', 14B!;chev:ron, Base, 14B~lO!lB.I. an.d 14B;) 
A 

lO"~,B.o. t-vere plotted on the small graph in the lower left 

cornet of the data sheet. The findings with B.O. a11d B.I . prism 

were connected with the :mid-point of the 14B+ and l4B"".. Tben 

parallel dotted lines were drawn through the base point . If 

prism was used in any optometer findings we could easily find 

by bow much tbe base and stimulus shoul.d be altered- and the 

resultant response plotted on the large graph in the lower 

right eorner of the data sheet . 

Tlte optom.eter data ( u~per-:r ight) was plot ted. On the 

response vs. stimulus graph (lower-right) the base i s .represented 

a.t the intersection of abscissa and ordinate . The abscissa 

represents the response with increasing aeco.mmodative response 

to the right. The ordinate re presents the stin1u1u,s with increasing 

st i mulus upward. If, then, the response were equal to the 

stimulus tl1e point would be p lot ted on the dia_gQnal one-to-one 
"" , ... 

(45 ) line. In general., the response was less tha:tl the stimulus 

and the plott,ed line was more v ert :ieal. 'the lines representing 

iW/80• 20/40, and 20/20 were drawn in color code by the best fit 

method. To dete:tmi11e these points we toolt the average of the 

two (three in the ease of bas:e) optometer response end _points 

for that stimulus and entered the net (from base) in tlle table 

in the center of the page. If the subject noted the letters 

were blurred we denoted it by pe renthesis. If) because prism 

was used , the line on the graph did not r each that stinlulus 
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point we denot ed it by a dash i n the table. Since the pho:r;ias 

were taken one from excessive B.I . and one from excessive 

B. O., at each diopter stimulus in each direct ion of the cycle, 

trlie bad 4 (6 in the case of base) phorias to average . This 

average t<\Tas corrected for the distance of the prisms in front 

of the center of rotation of the eye by the factor .es, rounded 

to the nearest 1/4D; and entered in the table corresponding to 

the stimulus step . Note: The 15A is not corrected. 

The graph to the center right shows the corrected phorias 

plotted relative to stimulus (solid line) and relative t ,o net: 

response (dotted line). The base and orthophoria for-m the 

crossing point with increasing stimulus o.r re.sponse to the rigbt 

and increasing exophoria upward . 

All data and calculations are :reeot7ded on each individual 

data sheet and all statistics done by taking r esults from tbe 

data sheets. 



Gen-eral ste.tist:1CS 

In general , in the statistics we were inte rested in 

differences and not absolute values.. The notation ·~3 - 2 

9 

for instancE!~ indicates t be- di fference between t b.e rf.Hipo·n:ae at 

... JDstinmlus and ... z0stimulus, o.r the d iffe·rence between the 

phoria at ... ;3°stimulus an.d -2Dst imu1us taken from the table. 

ln the ease of r esp.o.nse eqoa.ls, stimulus (R.=S) ot tile 

crossing point on t l.'ae graph, fhi.s wa.s takq:n. from the graph. by 

visual inspection as th·e P"'iut where th,e line ~ssad the 

one-to-one line. 

Tiu~ resul.ts .o.f the statistics a.re given. in table form• 

showir~g the lnEHl!.llt number, srta:rv::1ard deviation, ,mode and median. 

Tbe number in some cases is l ess than 30 because: the net 

responses de :noted as blur red or pr is111 i n. place were not i nc luded. 

'fhe following items w~re plotted against each other to see 

if there viras IIU:ty justifieation in calculating: the c.orrelation 

coeffie ierrt • but they all formed a s ytnmetrical circular plot: 

20/20 response vs. 14u• ... p; Age vs. 2.0/20 response; phoria/sphere 

(stimulus) vs. 20/.20 response·; and age vs. phori-a/ sphere 

(stimulus). 



TABLE I 

Base point measures. 

(A) Difference between base point measures and ''P" 
BASE POINT MEAN N S MODE 

' 
14A-P +1.40 ' 30 .212 +1.75/1.87 
14B+-P +.84 30 ' .223 
14B--P +.84 30 .222 
CH-P +.55 30 .198 
B-P +. 72 30 .206 
(B+2)-P +2.72 30 .209 
p -.383 30 1.47 

(B) Difference between base point measures 
BASE PO !NT MEAN N S 

14B+-14B-
14B+-CH 
14B+-B 
14B- CH 
14B- B 
CH-B 

0 
+.312 
+ .. 125 
+.296 
+.125 

0 •.171 

30 
30 
30 
30 
30 
30 

TABLE II 

14B with 10 A B. I. and 10£1 B .. O. 

(A) 
CRQ;S CYLINDER TMT MEAN N 

14B+ BI .421 30 
BO .508 30 

14B- BI .421 30 
BO .508 30 

14B1 BI .417 30 
BO .513 30 

1Mid-point 

.252 

.326 

.252 

.324 

.250 

.206 

s 
.300 
.340 
.402 
.,305 
.329 
.300 

+.62 
+.87 
+.37 

I 

4 modal 
4 modal 
0 

MODE 

0 
+.25 
+.125 
+.25 
+.125 
•.125 

MODB 

+.250 I 

+.250 
+.750 
+.500 
+.625 
+.375 

10 

MEDIAN 

+1.50 
+.87 
+.87 
+.37 
+.62 
+2.62 
o;:.12 

MEDIAN 

0 
+.25 
+.125 
+. 25 
+.125 
-.125 

MlJD IAN 

+.375 
+.500 
+.375/.500 
+.500 
+.375 
+.375/.500 

(B) Diopters of change in accommodation per corrected prism value 
(factor.85). 

PRISM 

BI 
BO 

CHANGE 

.05 D/tl 

.06 D/4 
... 

I 

' 



TABLE III 

Response equals stimulus (crossing point on graph) 

TARGET 

20/80 
20/40 
20/20 

MEAN 

0 
0 
-.125 

N 

30 
30 
30 

TABLE IV 

s 

.65 5 

.62.) 

.785 

Response for each diopter change in stimulus. 

(A) 
CHANGE IN STIMULUS MEAN 

from to 

-3.00 
-2.00 
-.1.00 
Base 
+1.00 
i:ndivid ual 

-2.00 
-1.00 
Base 
+laOO 
+2 .00 

mean* 

+.385 
+aJ6\l 
+.380 
+. 340 
+.184 
+.346 

N 

13 
25 
29 
29 
19 
30 

s 

• 355 
.2P9 
.326 
.249 
.247 
.217 

MODE 

+.37 
0 
0 

MODE 

+.50 
+ •. ! 2.::. /.25 
+,.12 
+. 25;. 37 
+.37 
+.50 

The above findings were taken on a 20/20 target. 

(B) 
CHANGE IN STIMULUS MEAN 

from to 

-3.00 
-2.00 
-1.00 
Base 
+1.00 
ind iv id t' 1 

- 2 .00 
•· 1. 0.0 
3ase 

·r l.OO 
+2.00 

IT1:::an* 

+ .168 
+.367 
+.384 
+.304 
+.234 
+.338 

N 

18 
29 
30 
30 
23 
30 

s 

• 370 
.382 
.312 
.224 
.257 
.. 210 

MODE 

+.125 
+.25 

., 

+.50 
+.125/.25 
4 modal 
+ .125/.375 

Th e. bovt findings were taken on a 20/40 target. 

(C) 
\ 7E IN STIMULUS MEAN 

:om to 

-3.00 
-2.00 
-1.00 
Base 
+1.00 
individu 

-2.00 
-1 , 00 
Base 
+1.00 
+-2.00 

: ;( an* 

+.369 
+.293 
+.430 
+.354 
+.174 
+.317 

N 

20 
29 
30 
30 
23 
30 

s 

• 310 
.360 
• 312 
• 241 
.648. 
.193 

;,, ~ !IJE 

+.50 
+.125 
+.50 
+ .. 2 5' ; 
(l 

+.125/.50 

The above findings were taken on a 20/80 target. 
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WiliDIAN 

+.06 
0 
0 

MEDIAN 

+.50 
+.25 
+.37 
+.37 
+.25 
+.37 

M. DIAN 

+ 17 
+ 5 
+ : I 

+ . 5 

+ ' 
+ • .) 

MEDIAN 

+.37 
+.25 
+.50 
+.25 
+.125 
*.25 
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TABLE V 

Difference in response for various acuity sizes~ 

(A) 20/20 to 20/40 

CHANGE IN STIMULUS . MEAN N s MODE MEDIAN 
from to 

-3.00 -2.00 0 12 .412 0 0 
-2.00 -1.00 -.065 25 .358 0 0 

. -1.00 Base -.022 29 • 326 -.125 -.125 
Base +1.00 +.056 29 .261 -.125 +.125 
+1.00 +2.00 -.099 19 .285 0 -.125 
individual mean* +.083 30 .141 0 0 

• I 

(B) 20/20 to 20/80 

CHANGE IN STIMULUS MEAN N s MODE MEDIAN 
from to 

-3 .. 00 -2.00 +.083 12 .326 +.125 +.125 
-2.;00 -1.00 +.025 25 .386 -.125 0 
-1.00 Base ~.056 29 .345 -.125 I -.125 
Base +1.00 -.017 29 .278 +.125 ·o 
+1.00 +2.00 -.013 19 .261 +.125 0 
individual mean* +.029 30 . .145 +.125 0 

(C) 20/40 to 20/80 

CHANGE IN STIMULUS MEAN N s MODE MEDIAN 
from to 

-3.00 -2.00 +.086 16 .214 0 0 
-2.00 -1.00 +.074 29 .329 +.25 +.125 
-1.00 Base +.008 30 .295 0 0 
Base +1.00 -.050 30 .292 0 0 
+1.00 +2.00 +.063 22 .310 +.125 +.125 
individual mean* +.021 30 .118 0 0 

TABLE .VI .f 

The groups of responses on 20/20 target. 

GROUPS · MEAN N s MODE MEDIAN 

Lower . +.1125 10 .092 +125 +.125 
Middle +.350 10 .099 +. 25/.37 5 + .37 5 
Upper . +.575 10 .121 +.50 +.50 

" 
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TABLE VII 

Phoria Sphere. 

(A) Stimulus 
CHANGE .IN STIMULUS MEAN N s MODE MEDIAN 

from to 

-3.00 -2.00 2.86 30 1.56 2.25 2.625 
-2.00 -1.00 3.06 30 2.02 1.75 2.50 
-1.00 Base 3.36 30 1.95 3.50 2.875 
Base +1.00 3.24 30 2.16 1.00 3.25 
+1.00 +2.00 1.87 30 2.38 .75 1.50 
inctividual mean* 2.89 30 1.36 2.50 2.79 
All 2.88 180 4.75 1.75/2.25 2.48 

(B) Response 
CHANGE IN STIMULUS MEAN N s MODE MEDIAN 

from to 

-3.00 -2.00 2.00 12 11.1 ----- 4.00/4.25 
-2.00 -1.00 8.87 23 11.3 4. 75 6.00 
-1.00 Base 9.20 29 19.1 28.00 5.75 
Base +1. 00 11.35 29 10.2 4.00 8.00 
+1 •. 00 +2 .00 4.87 17 8.25 ----- 4.00 
individual mean* 10.75 27 10.8 3.50 6.50 

(C) Change in ACA when changing from stimulus to response. 
CHANGE IN STIMULUS MEAN N s MODE MEDIAN 

from to 

-3.00 -2.00 +.145 12 12.25 +.50 +1.75 
-2.00 -1.00 +.528 23 11.53 +4.50 +4.50 
-1.00 Base +7.08 26 18.35 0 +3.75 
Base +1.00 +8.175 29 9.02 +3.00 +5.25 
+1.00 +2.00 +5.53 17 5.15 3 modal +3. 75 
ind ividual mean* +7 .84 27 9.92 +1.85 +3.75 

*Individual Mean: 
Calculated by using the mean of the change in response for 
the change in 1 diopter stimulus, then taking the mean of 
these five 1 diopter changes. 



14 

Discussion 

TABLE I 

It is noted in table l that 14B+ and 14B .. are equal. \4Je 

don't really expect a difference because 14B"" is taken after 
\ 

14B: lo
0 

B. o . rather than from minus. The chev1."on is 
~ . . D . . . + 

approximately 1/4'"' and the base 1/8. below 14B .... 

" Five subject$ were expected to blur out at base plus 2.oo··,·, 
f'i. 

because this '\!'las greater than npn plus 3.25 ,. for t hem. we 

would expect a reduct ion in the phoria spllere when th.e subject 

blurred due to a drop in res-ponse. This number of subjeets ls. 

not signif ic.ant enough to :ch.ange our statistics . 

All of this data was arrived at :by using th.e· spbere of 

the right eye only. 

TABLE. II 

The lhO. is a. little g.reate:r than the B. I. as is expected . 

The CAC when calculated from 14B+ 1 14B ... ; and mid .. point show no 

ignific:ant differences. 

TABLE Ill 

Since t he crossing point is. zero we can co·nc:l ~ude t-hat t h e 

base point is reasonably Valid. 

TABLE IV 

In all three acuity sizes we find the greatest change in 

response per diopter change in stimulus (R/S) at -1.00 and b·ase ; 

the .R/S becomes less as we get farther from the base espeeially 

in the plus direction. 
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Looking a;t the mean for eacb acuity size we fi nd no 

signif.icant diffe-re.uce, but the 20/20 had .a S·lightly g reater 

ll/5 . 

TABLE V 

we find no $ignificant difference in resoollSe with 

different acuity s:i .ze~s . We exn.eeted to find a great ,er acuity 

respttnse in smaller acuit.y sizes especially as. we got fartber 

from. the base • 

.a. .. ,JlLE VI 

tl\le divided the subjects into three groups on the 20 j20 

mean responses and arrived at a median response of 1/8° • 3/8 t t 

.awt 1/2n for the lower • ndddle , and upper groups respectively. 

TABL.E VII 

The phoria sphere as expected was found to be greatest at 
~-

-1. 00~"' from base and became lower as we go farther from the 

base especially in the plus direc.tioll . The mean ,of 2 . 89 6/ 1 ~ 

is less than the 4 4/1~: as is the expected average . 

tJe get the ACA relative to response by dividing the 

change in phoria per diopter change in stimulus by the change 

in response for that diopter change in stimulus. This gives 
.,., . . . .• . it .•.. * ,- • - ., ' ' ' -- . tJ. '. 0 a phoraa s phere Sl.gnJ.faaantly lu.gher than the 4 /1 e:x1Jected. 

There were subject s who had a definite change in phoria without 

a change in response. The change in phoria s phe:re when changing 

from st imulus to res\')onse is therefore also greater than the 

expected C'bange. 
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Conclusion 

we can conclude that there is no significant diffe:tenct:

in different acuity sizes for the response in accommodation 

to the change in stimulus. 

The optometer device adapted to the phoropter seems to 

be practical and valid; holllt·ever, the standard deviation of the 

crossing point on the graphs (response=stimulus) shows that the· 

base po int determination requires further investigation. For 

example. there were cases where the 14B+ and 1413"" were equ.a1 

to each other, the 14B taken with ¢hevron was l/4° lower than 

14]f}Z, and t he base point was l/8° lower. With this consistency 

we would expeet the crossing point on the graph to be at zero 

!tj8°; but as we s ee it varied two d:lopters in Qne extreme 

instance from zero which s eems to indicate t hat there are facto.r 

involved that Tf.lere not taken into account in this the·sis . 

We found no indication as t o bow we ea.n predict the perc:etlt 

of :response other t han measuring it. 
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