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PROBIEH 

To test the effect of pupil diameter' on the, near point re.;, 

fractive error as measured by the L4A, 14B complex. 

Illumination at the pupillary plane will be altered so as 

to vary the. pupil. size wi thoat affecting directly the target. 

illumination. Three constant illumination values will be used 

to yield. three different pupil. sizes. 

Near point measurements \..rill consist of a 14A: plus pre-set, 

lAB P-lus pre-set, and a 14B pre-set from ttpn., 
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.APPAP.ti'US. 

A atandard 45°-135° cross grid card t~as used' as a target 

for all near point measurements.. The target ~ras cut 3% inches 

in diameter and mounted 1{. inch in front of a 6:x:6 inch piece of 

transluscent glass. The glass, serving as a diffuse illuminat-

ing surface, was back illuminated by a 300 watt bulb that was 

encased so as not to allow extraneous light to disperse through-

out the room. A ~ inch collar of black paper prevented light 

from overfiowing onto the target, thereby allowing constant tar-

get illumination. 

Into the ~ inch space between the glass and the 'target 

thera could be place~ two 6x6 inch sheets of polaroid thaf served 

as a neutral. density filter. They ·Here so oriented as to allm-1' 

only 2.4 foot-candles to reach the pupillary plane. 

The room was indirectly illuminated by a 15 watt buld that 

1>sas directed toward a 24 inch square shee.t of black paper placed 

on the wall behind the phoropter~ The bulb was shielded on the 

room side so that the small ~~ount of light emitted would.be 

reflected from the black paper. 

All measurements were made in an examination room. The 

entire lighting apparatus \•!as placed so that the target ttras 16 

inches in front of the phoropter. K black phoropter was used 

so that "reflection could be kept to a minimum. 

Three illuminations were used. A.minimu.rn illumination in 

wl:Lich the room lvas essentially dark except for the small a,'!lount 



of light given off by the 15 \':att bulb. The illumination at the 

pupillary plane \1as .04 foot-candles as measured by the Luckiesh-

. Taylor Brightness Heter. A:t medium illumination, the 300 \'Iatt 

bulb was turned on and the neutral density filter was pla~ed in 

front of the diffusing glass. This allowed onlt 2.4 foot-candles 

to reach the pupillary plane. A:t maximum illumination, the filter 

was removed from in front of the glass. This allowed 86 foot­

candles to reach the pupillary plane. 

In order to determine the proper number of foot-candles in 

each of the three illuminations that would yield the desifed 

pupil size, we refered to the IES. Handbook, Table 2-6. These 

values of average pupil size versus illumination v1ere varied 

slightly in order to produce the desired effect for our experi­

mentation purposes. 

These three illuminations 1.vere determined by measuring a 

4 inch square piece of constant feflectance paper Hith the Luck­

iest-Taylor Brightness Heter. The meter was placed just behind 

the cross grid target and shielded from the source. The meter 

was directed toward the reflectance paper which was placed at 

'· the pupillary plane. The paper had a constant reflectance of 

50% :!: 1% bet>-J"een the we~velenghts of 460 millimicrons and 700 

millimicrons as determined by the General Electric Spectrophoto­

meter. 

At both medium and maximum illuminations, the reostat at­

tached to the 300 vratt bulb was at maximum so that color temp­

erature would be constant. 
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PROCEDUR.E · 

1. The subject was placed in a refracting room ;.Ehere pre-

testing ~vas performed to determine his best subjective re-

fraction. The tests used to determine best subjective re-

fraction included all of those in the #7 complex of the 

standard Optometric Extension Program (OEP} routine. Also, 

Dr. c. B. Pratt's near cylinder test was used to refine the 

cylinder axis and power. This value was then used as a pre-

set condition for each of the tests in the experiment. 

2. The subject was then taken to another examination room which 
-

contained the testing apparatus and placed in the 6Xamining 

chair facing the apparatus. 

, 3. The illumination 'lttas lol-rered to the minimum setting ( .04 

foot-candles). and the subject .. Ias allowed to adapt to this 

level for 4 minutes. The size of the pupil of the subject's 

dominant eye was then measured as he fixated the. test tar-

get. This measurement was made by one of the examiners who 

was previously adapted to a very lovl level of illumination. 

4. The subject was then tested by a second examiner with the 

QEP monocular cross cylinder test (14A) using a +2.00 diopter 

pre-set •. Plus was reduced until the subject reported first 

equal or first reversal. This was imm.edia.tely followed by 

·the pinocular cross cylinder test (14B) as in the standard 

. OEP routine, still using the plus pre-set. Neasurements were 



recorded when the subject reported last equal or first rever­

sal. S!here po•ver was then reduced to the best subjective re­

fraction level and a 14B was taken using a minus pre-set. 

Again, measurements were recorded -yrhen the subject reported 

last equal or first reversal. 

5. Room illumination v1as then changed to the medium level (2.4 

foot-candles). Again, the subject vias allov1ed to adapt to 

this level for 4 minutes, and his pupil size \'ias measured. 

The #14 tests were- repeated at this level of illumination 

exactly as above. 

6. Illumination was increased to maximum (86 foot-candles), and 

the same procedure as given above was repeated· .. 
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RESULTS 

All graphs, tables, and statistics compiled were rounded 

off to the nearest .06 diopter·. This value was· chosen because 

physical measurements cannot be made lese than thist yet accurate 

mathematical calculatione and comparisons are attainable. Thirty­

nine subjects were selected for our study whose ages ranged from 

20-38 years -v.rith a mean age of 24.4 years. These subjects were 

separated into two categoriee:. (~) twenty-five· subjects 'l'rith 

maximum, minimum, and medium pupil sizes of 7.5 ± .5mm, 5.0 ! .5mm, 

and 2.0 : .5.mm respectively comprised the first group. As this is 

·a tightly controll.ed group, it is to be used as the basis for all 

statistics, comparisons, and conclusions; (2) fourteen subjects 

with pupil sizes larg·er or smaller than above were analyzed separ­

ately to determine i1 pupil size was a dominant factor in this 

experiment. 

Statistics were compiled with the T-test (Table II) and con­

sidered significant t.>then the null hypothesis >-ras rejected and the 

results. fell within the 95th percentil~. Selection of the T-test 

was based on our related samples and interval data. Further clari­

fice,tion of our results v1as deternned by finding the :mean a_rtd the 

standard deviation of the data. Standard deviation (or variance) 

is a·type of measure which helps to clarify the shape of the dis­

tribution and indicates how the observations are spread out from· 

the mean. 



The results for Group I were compiled in Table I ... Here 

the net findings for +l.4A, +14B,. and -14B were averaged for 

each subject and the differences from the average fer each 

illumination l..;as tabulat.ed. 

Results from the +ll~A, as presented en Table I and Graph I, 

are as follows. Comparison of the minimum·to medium pupil sizes 

reveals a mean difference of .25 diopter more plus at the medium 

pupil size, which is statistically significant to the 99th per-

centile.· Variation in the standard deviation of .17 from mini-

mum to medium indicates a wider variance of the observations 

with a minimum pupil size. A difference in the +14A of .12 diopt-

er more plus from medium to maximum pupil size rejected the null 

hypothesis and is, therefore, statistically significant.to the 

95th percentile. Differences of the standard deviations show 

a variance of .10 from medium to maximum measurements 'v>rith the 

maximum pupil findings showing the greatest variance from normal. 

Comparison of minimum to maximum findings indicated a .37 diopter 

difference. This magnitude was also significant to the 99th per-

centile. .:r'he difference in standard deviation bet".veen the maxi-

mum and minimum pupil groups was negligible. 

The +14B findings are presented in Table I and Graph II .. 

. Comparison of the minimum pupil findings to medium pupil find-

ings showapproximately .12 diopter more plus at the medium 

level, significant to the 95th percentile. The variance shO'vm 

by the difference of the standard deviation of these. two levels 

\'las very small ( .03). The mean difference between the medium 

and maximum pupil findings \<Ias .06 diopter more plus at the 

/f 
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maximum pupil size. This \vas not statistically significant at 

the 95th percentile level, but the increase plus trend is still 

shO\vn. Variance behwen these two groups again was negligible. 

Comparison of the means for minimum and maximum pupils show a 

mean difference significant to the 99th percenti~e; the maximum 

pupil measurements having almost .25 diopter more plus than the 

minimum pupil size observations. Variance behieen these two 

groups was, again, low. 

The Group I -14B findings, when analyzed, showed no statis­

tically significant difference for the different pupil sizes. 

There was, hov1ever, the same general trend as shown in the other 

tests. When going from minimum pupil size to maximum pupil s~ze, 

there \-'las an increase of plus shotom at each testing level. The 

variance, as analyzed in the previous tests, again, is least vari­

able for the medium pupil size measurements. 

Extreme pupil sizes, Group II, indicate a prevalent number 

of inconsistencies when compared to the controlled group as well 

as inconsistancies within the group. With only fourteen subjects 

classified into this group, a statistical analysis would not be 

mathematically valid. Even so, means and standard deviations were 

calculated for Group II. Results shov.;, with the exception of one 

comparison set (Llinimum to medium pupil· finding), that the saJne 

general trend was indicated for all +14A observations (Table I 

and Graph IV}. In the aforementioned comparison \"le ·round a decrease 

in plus from minimum to medium pupil findings of about .06 diopter. 

From meqium to maximum and minimum to maximum pupil testing in 

+14A, an increase in plus of .19 diopter and .12 diopter was 

8 



found respectively. All variances were. nearly identical, but 

approximately· .15 smaller than Group I. 

Table I: and Graph V indicate +14B comparisons were also 

inconsistant; this time exactly the converse tr~rid noted in the 

preceding paragraph. That is, a slight increase in plus from 

minimum to medium findi~~s, and decrease in plus with both medium 

to maxj,mum and minimum to maximum comparison of measurements. 

As above, standard deviations v:ere nearly identical. 

Finally, the -14B (Table I and Graph VI) indicates a de­

crease in plus of .12 diopter from the.maximum to medium com­

parison. No change was found from observations t~~en between 

the minimum to maximum set of findings. The variances were, 

again, very nearly the same. 
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1 ... 

2. 

3. 

4. 

6. 

p 
v. 

1 

11 • 

12. 

13. 

1). 

16. 

17. 

1 s. 

20. 

21. 

• 

23. 

24. 

25. 
~v.arage 

+14A 

1.h3 +.06 ~. . +.J1 

1.81 -.81 -.06 +.43 

-.25 +.25 

1.50 -. o.oo 

1.56 -.31 +,18 -;-.18 

2. -.31 +.18 

2.75 -.25 0 .. 
1. 0 

1.18 

1.67 -.18 -.18 +. 

0.75 -.25 c.oo 

2.0(1 -. 

1 • 

1 .t)J -.18 +,.-06 +.06 

3.06 -.06 +.18 -.06 

o.5o -.25 o. o.oo 

1 • 31 +. 1 g - .06 

1.06 +.L~J - .. 

2.0J o.oo o.aa o.co 

1.56 -.06 +.13 

o.oo +.25 

o.8l -.o6 -. +.18 

1.31 -.06 - .... ('} 

+,iO 

1. 

0.,81 -.06 +.,18 -.06 

1 • 31 +. 1 8 :-. 31 +. 1 a 

- .. 1~3 +,06 +.31 

2.06 -.06 +.18 -.06 

1,31 -.06 +.18 - .. 06. 

0 c',.,, 
-.:;\J o.oo 

1 .h3 ·1·,31 -. +.06 

o. o.oo c.co 0 

1. -. -.06 

o. -.43 +.06 +.31 

1.18 -.18 +,31 -.18 

1 -.50 +.50 o.co 

2.75 o.oo +. -. 
-. o.oo o.oo -.25 

o.h3 -.43 + +.31 

1. -.5o c.oJ + .. 

o • 

1.43 +.06 -.18 +.,12 

o. +.06 

1 .)0 -.50 +, 

J.43 -.18 -.18 +.37 

2.00 +. -. o.oo 

1 .. 18 -.18 +,06 +,06 

0.93 +.06 +.06 -.18 

1.25 o.oo -. 

-. +.06 +.31 

2.06 +,18 -.06 - .. 06 

1 
I o 0 o.oo o.oo 

0.,68 -.1 

1 • +.1.J -.06 -.06 

o.;:o -. 
1,81 -.06+e18-. 

-.1~3 +. 

0.56 -.06 +.18 

1.43 +,12 +.12 -.18 

0.81 -.56 +, +.18 

2.75 o.oo +.25 -.25 

-.31 +.31 -.18 -.18 

0.56 +.13 -.06 -.06 

1 .31 ~.31 -.06 +.43 

0.75 +.25 -~25 o.Jo 

1. 50 o.oo o.co o.oo 

1.06 r,!" -.uo .. 
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The following is an example of the T-test used to determine 

the s~gnificance ofthe data. The example below is a comparison 

between 14A' plus pre-set minimum pupil size and 14A plus pre-

set medium pupil size. 

No significanbdifference exists between the +14A .ninimum 
pupil results and the +14A medium pupil results. 

HAt. A significant difference does exist between the +14A mini­
mum pupil results and the +14A medium pupil results. 

I 

I 

&ample No. 

1. 
2. 
3. 
4~ 
5. 
6. 
7. 
B. 
9. 

10. 
11. 
12. 
13. 
14.; 
15. 
16. 
17. 
18. 

.19. 

d-d t (d-~) 2 ' 
I ~ i 

r 00 +.25 ~~~~· +.25 00 0000 : 

I -.. 43 -.18 +.37 +.12 .0144 i 

-.1s -.1e 1 oo -.2s .o625 l -.25 oo I +.25 oo oooo 
j :·.

5
50

0 
+.50 j+l.OO +.75 .5600 
+.25 1 +.75 +.5o .25oo 

-.56 +.18 ; +.75 +.50 .2500 

d 

-.06 +.18 +.25 00 0000 
~.18 +.06 +.25 00 0000 

I 

1 -.o6 +.18 +.25 oo. oooo 
i -.25 00 +.25 00 0000 

I
. +.18 -.06 . -.25 -.50 I .,.2500 
-.68 +.12 . f · +.81 +.56 1 .3100 

I
' +.43 -.56 f-1.00 '-1.25 11.5600 

00 00 I· 00 -.25 I .. 0625 
l,-.06 -.06 1 00 -.25 \ .0625 i 

+.o6 · -.43 1 -.5o -.75 
-.25 00 l +.25 00 l .05060000 i 

l -.81 -.06 ! +.75 +.50 .2500 t 
20.' I -.06 +.25 l 00 00 I 0000 t 
21. -.25 oo 1 +.25 oo oooo ; 
22. -.25 .+.25 . +.50 +.25 .0625 I 

I 23. -.31 +.18 +.50 +.25 .0625 ,. 
l 24. I -.31 +.18 +.50 + .. 25 .0625 

1 
.1,___25_. __ 1 -.25 1 oo +.25 oo oooo 

1 5 53 I 98 l 6 68 4.3794 I ~~ ~. . I -+ ~ 
4

1: . · . 
t X:L=-.22 i X'2=+.0 jU=+.25 
' J ----~'------~-----~-------·I 

TABLE II 
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JCd-a/z--
S= 

N-1 

. co- 14:3794 182 427 
>;>: ~ 24 . = • = • 

s;- s­
d- ~lN 

Sd= .,427 = .. 085 
.j25 

T,; d-(u-u21 

sd 

T- •25 -- 2 90 - -1")";:::' • 
. • Oo5 

T .95 and 24 degrees of freedom = l. 711 

:..;1.711~2,900 +1.711 Therefore, ·reject H0 and accept HA• 

An example of the determination of the standard deviation, using'+l4A 
minimum pupil is as follo11rs: 

Standard. deviation J 
x2 - C x) 2 

= . N(N-1) 

1
-~-··------~~. ·--

2.984 - (6.87)2 . 

- 25(24) 

= .270 

The results of T-tests and standard deviations for all data 
listed below in Table III and Tablf'! IV wer~. arrdved at. in tl.l~ same 
manner. 

Std. Dev. f1ean 

+141! !.U.n. pupil .270 -.220 
+14A !>fed. pupil .107 . +.040 
+14A Hax. pupil .208 +.168 
+14B :r-an. pupil .223 -.130 
+14B Med. pupil .198 +.030 
+14B Max. pupil .171 +.100 
-14B Hin. pupil .675 -.055 
-14B Ned. pupil .146 -.005 

~ ..,.14B Nax. pupil .189 +.040 

T.ABLK III 

12 



T-test 
Comparison between +14A !·tin. and +14A Hed. 2.90 

+14A. Med. and +14A Max. 1.79 
+14A Nin. and +14A Max. 3.83 
+14B Yd.n. and +14B Ned. ·1.80 
+14B Ned. and +14B PlaX. 0~96 
+14B Hin. and +14B r.fax. 3.11 
-14E !-lin. and -14B Hed. 0.74 
-14B Med. and -14B ~..ax. 0.51 
-14B ¥dn. and -14B Max. 0.91 

··. TABLE IV 

Belo\..r, in Table V t are listed the means and standard devia­
tions of the extreme pupil sizes. 

Std. Dev. Nean 
+14A }fin. pupil .aBo -.022 
+14A Hed. pupil .040 -.075 
+14A Nax. pupil .o8o +.110 
+14B Min. pupil .108 +.005 
+14B Ned. pupil .070 +.025 
+14B Max. pupil .077 - .. 040 
-14B Nin. pupil .095 +.040 
-14B :t-ied. pupil .031 -.067 
-14B r-iax. pupil .067 • +.042 

TABLE V 

13 
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r PUPIL 

MEDIUH 
PUPIL 

MINHill£1 
PUPIL 

GRAPH I 

l4A PLUS PRE-SET 

FREQ\TENCY DISTRIBUTION 

MEAN: ~~168 
STAliDARD DEVIATION: .208 

MEAN: ,t.040 
STANDARD DEVIATION: .107 

MEAN: . .-.220 
S"TANDARD DEVIATION: .270 

1.00 .a-; .75 .62.50 .37 .25 .1.2 0 .J2 .25 .J/.50.62 .75.871.00 
A 

PLUS DIOPTERS t1INUS 



NAXIHUI1 
PUPIL 

HEDIUM 
PUPIL 

MINIY.IDH 
PUPIL 

.GRAPtt II 

14~ PLUS PRE-SET 
FREQUENCY DISTRIBUTION 
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1-1EAN: + .100 
STANDARDDEVIATION~ .171 

MEAN: +.030 
STANDARD DEVIATION: .198 

MEAN: -.130 
STANDARD DEVIATION: .223 

1.00 .87 .'75 .&. .50 .37 .25 J2 0 .12 o25 .37 .5) /:2 .75 LCO 
PLUS . DIOPTEJA MINUS 



:HAXIHlH1 
PUPIL 

J.lEDIUH 
PUPIL 

·-~1HHHUH 
-PUPIL 

GRAPH III 

14B MINUS PRE-SET 
FREQUEN~l DISTRIBUTION 

r~~ 
,_ 
~ 

·NEAN: ·+.040 
STANDARD DEVIATION: · .189 

~~MEAN: . -.005 
;:STANDARD- DEVIATION: · ~146 

.· -T;.=Ai.T ~ ~ .. · .. 0. 55 - r~. 1:" .. - . -! -· 

.:;,STANDARD-DEVIATION: .:675 

- 1.m .87 ~75 .E2 .r::f) .37 25 J2 0 J2 .25 .37 .':f) .£2 .75 .8? LOO 
-- :A 

-Pl..US ' DIOF'TERS ··J.UNUS 



MAXIMUM 
l?UPIL 

NEDIUH 
PUPIL 

MIN.HIDH 
PUPIL 

PLUS 

GRAPH' IV 

14A PLUS PRE-SET 

· • FREQ.UENCY DISTRIBUTION 

EXTREME PUPIL SIZES 

' 

.50~37 .25 J.2 ~ .12 

DIGFTERS 

1? 

NEAN: +.110 
STANDARD DEVIATION: .080 

MEAN: •.075 
STA~illARD DEVIATION: .040 

~1EAN: -.022 
STANDARD. DEVIATION: .080 

.75 .8? l.CO 

NUiUS 



MAXIMtJ:t1 
PUPIL 

MEDIU.H 
PUPIL 

MINIMUM 
PUPIL 

GRAPH V 

14B PLUS PRE-SET 

FREQUENCY DISTRIBUTION 

. EXTREME PUP!L SIZES 
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1-IEAN: -.040 
STANDARD DEVIATION: .077 

MEAN: +.025 
STA~IDARD DEVIATION: .070 

NEAN: +.005 
STAI~DARD DEVIATION: .108 
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!"!AXHffiH 
PUPIL 

MEDIUM 
PUPIL 

. MINUf!JM 
PUPIL 

GF.APH VI 

14B Mirrus PRE-SET 

FREQUENCY DISTRIBUTION 

EXTREI>TI:~ PUPIL SIZES 
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!~-lEAN: · + • 042 
STANDARD DEVIATION: .067 

MEAU: -.067 
STANDARD DEVIATION: .031 

MEKN: +. 040 
STANDARD DEVIATION: .095 
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CONCLUSIONS 

From the results, many comparisons can be made ar.:i. conclu­

sions drawn. The pupi~. size may be a clinically important factor 

in nearpoint testing. The inference from this being t~at the 

illumination should be contro~led since it is the pr~~ factor 

in the variation of pupil size. 

20 

vlithin the controlled group there is a general in-::rease in 

plus throughout the entire 14A, 14B complex vlith an increase in 

pupil size. This is most significantly sho1-m in the 14A plus pre­

set tests. Our measurements indicate a .25 diopter increase in 

plus required from minimum pupil size to medium pupil size, with 

an overall increase of .37 diopter from minimum to m~mum pupil 

size. The 14B plus pre-set and 14B minus pre-set did r:ot exhibit 

such a marked chan,ge. The l..4B plus pre-set shm,red a change of 

slightly more than.l2 diopter variation betvreen minimu1::1 pupil 

size and medium pupil size. A. .25 diopter change \<laS ~easured 

between ~animum and m~ximum pupil size. The 14B minus pre-set 

was even less significant, yielding slightly less than an eighth 

diopter change between minimum and maximum pupil size. 

A possible reason that less plus is required on 14B plus 

and minus pre-sets as compared to the 14A plus pre-set is the 

effect of convergence on the accommodative system. In the binoc­

ular state, the convergence affects the accorr.modative s;rstem so· 

as to move it closer toward the fixation plane. 



As an exemplification of the above, we noted that as we 

decreased pupil size by varying illuminationt less plus was 

needed to elicit a response, shovling a greater stimulation. of 

accommodation present. We also think that this might account 

for our finding less change l.·rhen coming from the minus pre-set 

because the accomrrodative system is already stimulated in that 

case as opposed to the inhibitive state of accoJn..n!odation t-Jhen 

using a plus pre-set. 

This agrees with Kepps, et al. (1962) 1 'trho studied the 

effect of pupil size on accommodation. He found that vlith a 

very small pupil, a large change in stimulus was necessary to 

produce a change in response. 

The results from the extreme pupil groups are even less 

consistent. Being that the measurements taken on the extreme 

pupil sizes differe~from the average group, we have to eliminate 

the extremes from the conclusions made above. This indicates 

that illumination alone cannot account for our findings. Clinic­

a:lly, we limuld assume that people who have extreme pupil sizes 

would not show the same trends shown in this experiment • 

. Throughout our entire testin·g, the most consistent results 
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were shown when testing at the medium pupil level. This w:as true 

in both the control group and the extreme pupil size group~ Stand~ 

ard dev-iations showed substantially less variance '\ld tb medium 

:pupils, inicating that the subject's response is much more consis­

wnt at this level. 

Therefore, clinically, we suggest that nearpoint testing be 

conducted at a ;::oderate room illumination as opposed to a very 

high or very lo;.r room illumination~ This is substantiated by 

both Giles (1965) and Ferree-Rand (1934)2 • 
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RECOI1r1Ef..'DATIONS FOR FURTHER TESTING 

1. Similar tests conducted on presbyopes to determine if the 

same results are attainable on a group who requires consider­

ably more illumination for near point testing. 

2. Hore accurate measurement,. of pupil sizes, possibly using a 

subjective method such as Allens Entoptic Pupillometer in 

conjunction with an objective measurement. 

3. Testing utilizing longer adaptation time for lower illumina­

tions. This may have merit since maximum reti.nal sensitivity, 

according to Ferree-Rand, does not occur until 15 minutes 

adaptation time. 
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