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L . ,  PRQBIEM

To test the effect of pupil.diaméter~qﬁ’thé,near7point re=
fréctive‘error as measurediby the IAA,_IQB complex.,

I1lumination at the pupillary plane‘wili be aitered’so as
té Varykthévpupil.size withou£ affecting directly thé térget
illunination. Three constant illuminaticnkfalues'will be used

to yield three different pupil sizes.

Near point measurements will consist of 2z 144 plus preret,'i

" 14B plus pre-set, and a 14B pre-set from *“P".
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APPARATUS -

A standard k5°-135°% cross grid card was used as a,térgeﬁ
for all neér.point measurenents.. The‘target waé.cut 3% inches
in diameter and mounted % inch in front_of a 6x6 inch piecé of
traﬁsluscent glass. The giass, serving as a diffuse illuminat;
ing sur:gce, was back illuminated by a 300 watt bulb that was
encased so as not to allow eitraneous'light to disperse fhrdﬁgh—g
out fhe-room. A % inch éollé? of black paper préventedvlight
from overflowing onto the target, thereby allowing qonstaﬁt tafu'
get illumination. i | |

Into the %'incﬁ space between the glass.and théf%é}get
there could be placed tﬁo 6x6 inch sheets of polaroid that servedk
as a neutral'density filter. Thej were so driented as to allow
only 2.4 foot—candies to reach the pupillary plane. - A

The room was indirectly illuminated by a 15 watt buld that
was directed toward a 24 inch squaré sheet of black paper placedf
on the wall behind the pﬁoropter; Thevbulb was shielded on the
‘room side so that the small amount of light emitted would.be
reflected from the black paper.

All»measurements were made in an examination rooﬁ. The
entire lighting apparatus was placed so that the target was 16
inches in front of the phoropter. A& black phoropter was used
so that ‘reflection could be kent to a minimum. |

Three illﬁminations were used. 'A,minimumrilluminatioﬁ in

" which the room was essentially dark except for the small amount
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' of light given off by the 15 watt bulb. The illumination at the
B “pupillary plane was'.04‘foot—cahdlesvas measured by the Tuckiesh=-
 Tay1or Brightness Meter. At medium illumination, the 300 watt

bult was turned on and the neutral density filter was placed in

-

front of the diffusing glass. This allowéd only 2.4 footféanalés
to reach the pupiilary vlane. At maxiﬁum illumination, the filté?:
was removed from in front Bf the élasﬁ.’ This allowed 86 foot- k
candies'to reach the pﬁpillary pléﬁe; ; |

In_order to determine the proper nunber of foot-candles in

- each of thé'three illuminations that would yield the desired

pupil size, we refered to the‘IES Handbook, Teble 2-6., These
Valuesvof'average pupil size‘iérsus iilumination wefe v;ried
slightly in 6rder to produge the.desired effect for our experi—
mentation purposes. |

>These three iiluminétions were determined by meésuring-a
4‘in¢h square piece of constant feflectance paper with the TLuck~
ieshéfayldr‘Brightﬁess Meter. The meter was placed just béhind

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

[}

directed toward the reflectance paper which was placed at

‘?;the pupillary plane. The paper had a constant reflectance of
50% * 1% between the wavelenghts 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 watt bulb was at maximum so that color temp-

L

erature would be constant,



PROCEDURE, -

The’sﬁbject was placed in a :éfraéting room where‘pre-’
testing was perfarﬁea tprdeterdine his Eest;suﬁjectivé re-
ffraction. The testsluSed to determiné best sﬁbjective re-
‘fraétion included’all'of fhoseAithhe #7 complex éf the
standard Optometric'Eﬁéensioﬁ érogram (CEP) routine.k Also,,i
 Dr. C; B. Pratt's near cyiinder‘test was used to refine the
cylinder axis aﬁd power; This value was then used as a pre-i
set ééndition for each of the tests inm the experiment.
The subject was then taken to another examination room,whichA
-coﬁtainéé the testing apparatus and pléCed‘in the examining
chair facing the apparatﬁs.
The illuminatiqﬁ was lowered to the minimum setting (.04
- foot-candles) and the subject was allowed to adapt to this
level'for 4’minu;es; The size of the pupil of the subject's
dominant eye was then measured aé he fixated the.test~tar-
get. This measurement was made by one of the examiners who
wés previoﬁsly adapted to a very low level of illumination.
The subjecf wasAthen tested by a secona.examiner with the
QEP mﬁnocular cross cylinder test (14A) using a +2.00 dioptef
pre;set;4 Plus was reduced u§t11 the subject reported first
equal or first reversal. Thié was immediatély folloWea'by |
.tﬁe binocular cross cylinder test (14B) as in the standard

QEP routine, still using the plus pre-set,. Measurements were
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rebofded’wheﬁ thé’éﬁbject_répprtEd 1a$£7equal or first rever;
sal..Sphére péwer wds then’reducedyfo the beSt subjéctivefre-
fraction 1evelrand a,ihﬁ was taken usiﬁgla'minus>pre—5ét.
Again, measurements were reéorded when the s&bjgct":eported
1aét’equal or first reversal. A\‘,”“  - | -

Room illumination was then changed to the médium level (2.4

“;foot—candles); Again, the SubjeCt,was éllowed to adapt to

this level for U minutes, and his pﬁpil;size was measured.

The #1h tests were repeated at this level ofwillumiﬁation

exactly as above.

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

~ the same procedure as given above was repeated. .

EC R



 RESULTS

A1l graphs, tables, and éﬁatistics cémpiled were rounded

"off to tle nearest .06 diopter; This'value was chosen because
phyéical measurements cannot be made’lesé than this, yet accufaﬁé
mathematical calculations and comparisdns‘ére attainable. Thirty-
\,niné,subjects wereAselected for our study ﬁhose ages ranged from
20-38 y;ars with’ayméan age of 24.4 years. These subjects were f
séparated into two categoriesz (1) thntyafive'subjects with
maximum, minimum, and medium pupil sizes of 7.5 : 5mm,, 5.0 ¥ ,5mm,
and 2,0 f;.Bmm respectiyely comprisea thg first group. &s this is
‘a fightly,controiled group, it ig to be used as the basis for all
"éfatistics,‘comparisons, and condlusions; (2} fourteen subjects
with pupil sizes larger or smsller than above were analyzed separ-
ately to determine if pupil size was a dominant factor in this
experiment,

 Statistics were compiled with the T-test (Table II) and con-
gidered significant when the null hyﬁothesis was rejected and the
results fell within the 95th percentilé, Selection of the T-test
was based'on cur related samples and interval data. Further clari-
fication of our resulis was determine& Sy finding the mean and the
standard devization df the data. Standerd deviation (or variance)
is a‘typé of measure which helps to clarify the shape of the dis-
tributionkand indicatesfhow fhe‘observations are spread out from

~the mean,



The results for Grbup I.were‘cozpiledﬁin Table I. . Bere

:fhé net fiﬁdingg for +1LA, fl#B,‘aﬁd ;IQBrwére averaged for
‘ea¢h‘SUbject an&'fhéydifféreﬁﬁes £roﬁ,the aﬁe:age féf each” 
iilumination ﬁas tabulated. | | |

‘Rééults from the +1b4, as'ﬁresented on Table I and Graph I,
are.és follows, Compérison of’thé minimum to medium ?upil sizes
‘reveals a mean difference of .25 diopter moré‘plﬁé at the ﬁedium
pupil sizé, which is statisticallyysignifibant to the 99th per-
péntile.» Varietion in the sténdard deviation of .17 from mini-

mum to medium indicates a wider variance of the observatiens

“with 2 minimum pupil size. A difference in the +14A of .12 diopte~

er more plus from medium to maximum pupil Size rejected the null
hypothesis and is, therefore, statistically significant~to\the
95th percéntile. Differences‘of the standara deviations show
' a’vériance of .10 from medium to maximum measurements with the
maximum pupil findings showing the greatest variance from normel.
Compariéon of minimum to maximum findings indicated a .37 dioéter
difference.. This'magnitude was also significant to the 99th‘ﬁer—
centile.',?he differen¢e in standard deviation between the maxi-
mam ang minimﬁm pupil groups was negligible,

| The +14B findings are presented ianablé I and Graph Ii.
Comparison of the minimum pupil findings to medium ?upil find-
‘ings show approximately .12 diopter more pius at the medium
level, significant To the 95th percentiig. The variance shﬁwn
by the difference of the standard deviation of these two levels
was very small (.03). The mean difference between the‘ﬂedium,'

and maximum pupil findings was .06 diopter more plus at the -

r'd



maxinum pupil size. This wés not étatistically significaht at
the 95th percgntile‘leﬁel, bu£ the‘increase plus tfénd is stiil
shown, FVariancé between‘thése two groups again was negligible,
'Comparison‘of the means for minimum and maxiﬁum pupils show a
mean difference significant to the 99th percentile; the maximum
.pupil measuremenﬁs haviﬁg almost .25 digpter.mo£e>plus than the
minimum pupil size observations. Variance between thesé two
g¥oups Qas, agéin, low.

The Group I -14B findings, when analyzed, showed novstatiSw
tically significant difference for thérdifferent pupil sizes.
There was, however, the same general trend as shown in fhe other
tests. When going from minimum.pupil size to maximum éupil size,
-there was an increase of plus shown at each testing level. The
vafiance, as analyzed in the previous tests, again, is least vari=-
able for the mediun pﬁpil size measurements,

Exfréme pupil sizes, Group II, indicate a prevalent number
of inconsisténcies when compared to the controlled group as well
as inconsistancies wifhin the group.> With only fburteep subjects
classified into this group, a statistical analysis would not be
mathematically valid., Even so, means and standard’deviétions weré
Acalculated for Group II. Results show, with the exception of one
comparison set (minimum to medium pupil finding), tﬁat the same
general trend was indicated for all +144 observations (Table T
and Graph IV). In the aforementioned comparison we'found a decrease
in plus from minimum to medium pupil findings of about .06 diopter.
Froﬁ medium to maximum and minimum to maximum pupil testing in

+14%, an increase in plus of .19 diopter and .12 diopter was
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fou;d respectivély. Ali varianceé wérehnearly identica1, but
éppfo#iméfely'.l5 smaller thén Grouﬁ‘I} |

bTable‘Iiand Graph V indicate +I4B cémparisons Qerelalso
inconsistantivthis time exactly the conversé trend notedvin the
preceding paragraph. That is, a slighf increase in plus frém
minimum to medium findings,Aand decrease in plus Qith Eoth medium
to-maximum and zinimum to maximum conparison of measurements,
As azbove, standard deviations were nearly identicai.

Finally, the =14B (Table I and Graph VI) indicates a de-
crease in glus of .12 diopter from the maximum to medium com-

parison. No change was found from observations taken between

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

again, very nearly the sane,
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Thé fpiipwinéfisyah:example of the T-tést used fq determine"
"théfsigﬁifiéance of~£he data. The exaﬁéle beléwAisvé c0mpa£isOp'
setween 1&A’plus pre—sef minimum puﬁil sizé and‘l4A plﬁs pfe-

set medium pupil-sizé. | - ~

~H°§ No significant-difference exists between the +144 minirum
pupll results and the +144 medium pupil results. -

Hy: A significant difference does exist between the +14A minie
‘ " mum pupil results and the +144A medium pupil results.

Sample Yo. Xy Xy o ood d-d{g'{d-a)z i
1. | .00  4.25 | +.25 | 00 | o000 | -
2. -.43 -18 L 4037 1 o+.12 N LTSS
3. ~.18 -.18 00 | -.25 | .0€25 |
L. -¢25 00 | +.25 | 00 | 0000 |
5. -.50 C 4,50 141,00 | +.75 .5600
6. | =.50 L +.25 1 +.75 | +.50 2500

7. -.56 +.18 1 +.75 1 +.50 .2500
-8, -.06 +18 | +.25 | 00 0000
9, 1 <.18 +.06 I +,25 00 | 0000

10. -.06 +.18 ! +.25 00 0000 -
11,  {=.25 00 | +.25 00 0000
12, ~+.18 -.06 =.25 | =,50 «2500
13, -.68 +.12 1 +.81 | +.56 .3100
1k, +.43 -.56 [=1,00 '-1.,25 11,5600
15. = 00 00 | 00 | =.25 | 0625
16, . | =06 ~,06 | 00 | -.25 20625
17. | =.25 00 +.25 | 00 | 0000
- 18. ++06 - -.h3 ~.50 | =.75 .5600
19, -8 ~.06 +475 | +.50 +2500
20. . ~.06 $.25 00. . 00 0000
- 21, -.25 - 00 +.25 . 00 0000
22, -.25 +425 +.50 | +.25 .0625
23, -.31 +.18 +.50  +.25 0625
24, -.31 4,18 +.50 | +.25 0625
25. -.25 00 +425 00 0000
<5453 +.98  +6.68 | 3795

X1=-.22 | Xo=+.0k4 {d=+.25 ' !

. ST T TABIE IT
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T;95 and 24 degrees of freedom = 1,711
©1.711<2,900 £+1.711 Therefore, feject Hy and accept Hy.

An example of the determination of the standard deviation, using +1kA
minirum pupil is as follows:

A PR j;- N .;O,‘t.‘: . X'?‘ - (. X)Z
StgndarQMdev1a ion -\ N(W-1)
2,984 - (£.87)2
o asew
= .270

The results of T-tests and standard deviations for all data
listed below in Table III and Table: IV were arrived. at in the sanme
Manney ’

Std. Dev. ' Mean
+I4K Min, pupil «270 =220
+144 Med. pupil .107 +.0k0
+14A Max, pupil .208 +.168
+14B Min, pupil 223 ~.130
+148 Med. pupil .198 V +4030
+14B Max. pupil 171 +.100
~14B iin. pupil 675 - =4055

. =1kB Med. pupil S S -.005
« =1kB Max. pupil 189 - , +.040

. TABLE IIT

12



,'VComparison between +144
' o o +144

Below, in Table
tiqns of the extreme

+14A

+144
+14a
- +1h4B
- +14B
+14B
=148

=148

~-14B

Min,
Med.
Max,
Min.
Med.
Max.,
Min.,
Med.,
Max.

+144
+143B
+14B
+143B
=143
-14B

143

s
b5

in, and
Med, and
Min, and
Min. and
Med. and
Min. and
Min. and
Med. and
Min, and

C1baA

LY
+144
+14B

+143B

+143B
-14B

~14B

-143

TABLE IV

}‘Ie d,v‘

Max,
Max,

Med,
Max,
Max,
Hed,

M

Max.

T-test :
2,90
©1.79
- 3.83
"1.80
0.96 -
3.11
0.74
0.51
0.91

V, are listed the means and standard devia-
pupil sizes. ' -

pupil
pupil
pupil
pupil .
pupil
pupil
pupil
pupil
pupil

Std. Dev.

080
040
.080
.108
070

.077

.095

.031'7

067

TABLE V

HMean
=022
--075
++110
+.005
+.025
-.040
+oOLI'O
-.067.
. +.042
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. CONCLUSIONS

From the results, many comparisons can be made ani conclu-

20,

sions drawn, The pupil size may be a clinically imporiznt factor

invnearpoint‘testing. The inférencé from this being tzat the
i1lumination should be controlled sinée it is‘the priﬁarfactbr
in the vaﬁiation of puvil size. | ‘

'AWithin fhe bontrolled group there is a generalAizcreasé in
plus throughout the entire 1k44, l#B ;omplex with an increaserin
pupil size. ’This is most significantly shown in the 144 plﬁs pre-
set tests., OQur measurements indicate a .25 diopter increase in
plus-required from minimum pupil size fo medium pupll size, with

an overall increase of .37 diopter from minimum to maximum pupil

size, The 14B plus pre-set and 14B minus pre-set did znot exhibit

such & marked change. The 14B plus pre-set showed a cbangerf
'slightly more than.l2 diopter variatioﬁvbetween minimuz pupil
size and medium pupil size. £7.25 diopter éhange was zeasured
bétween minimur and maximum pupll size. The IHB.minus,pre—set
was even less significant, yielding slightly less than an eighth
diopter change between minimum and maximum pupil size. |

kVA possible reason that less rlus is required on 143 plus
and minug pre~sets as conmpared to the 15 plué preusef is the
efféct ol convergence on tie accommodative system., In the binase-
ulaf state, the convargence affécts the;accpmmodatiVe system sb'

 as to move it closer toward the fixation plane.



a2
_As~an’exempiificatiohrof the abdve,‘wé hoted ihat éé wé
‘f decreésed-pupi1 size‘by‘véryinglillﬁmiqafion, ieséy?lus wa§ 
‘needed to eli¢i£’a‘response, showing.a greater‘Stimulation.of
accommbdation’present. We also think thaﬁ fhis might account
'ifdr our finding less change wheﬁfcoming from the minus pre-set
because thevaccommodatife syétem isralready stimulated in that
~case as opposed to the inhibitivé state of accommadatioﬁ when
using a plus pre—set.‘ . ;
This agrees with Kepps, et 2l. (1962)1 who studied the
effect of pupil size on accommodation. ‘Ee found that with a
#ery smzll pupil;‘a large changeliﬁ stimulus was necessary to ‘
produce avchangefin response. |
The results from the extreme pupil grbups are even lesé
conéistent. Being that the measureﬁents taken on the extréme
pupil sizes differed from the average group, we have to eliminate
the extremes from the conclusiﬁns ﬁade‘above. This indicates
that illuminatioﬁ alone cannot account for’our findings. Clinic~
éily, we would assume‘that people who have extreme pupil sizes
would not show-the same frends shown in this experimenf.
,Throughbut our entire testing, the most consistent results
 were shown when testing‘at the médium pupil léVel. This waé true
in;both the control group and the extreme pupil size group. Stand—
ard deviations showed substantially less variance with medium
pupils, inicating that the subject's res?onsé is much more consisQ
ent-at this 1eve1;
| .Therefore, clinically;jﬁe sugzest that nearpoint testing be
coqducted a2t a moderate raom illuminatioﬁ és;opposed to a very
high or very 1ow'roomkiuumiﬁatioﬁ; This is substantiated by

both Giies (1965) and Ferree-RandV(1934)2.
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RECOMMENDATICNS FOR FURTHER TESTING.

Similar tests conducted on presbyopes td defermine if the

same results are attainable on a group who requires consider-

' ably more illumination for near point testing,

2.

More accurate measurement, of pupil sizés,~possib1y'using a
subjective method such as Allens Entoptic Pupillometer in
conjunction with an objective measurement,

Testing utilizing longer adaptation time for lower illumina-

tions. This may have merit since maximum retinal sensitivity,

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

- adaptation time,
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