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INTRCDUCTION

Visual acuity can be defined azs "clearness of vision (especially
form vision) which depends on the sharpness of the retinal facus,
the sensitivity of the nervous eleuments and the interpretative faculty
of the brain.“1 Assuming that the neurological elements of the visual
system are normal and no pathology exists, umany things can still in-
fu}ence the visual acuity by changing the sharpness of the retinal
image as it is focused on the back of the eye. The most obvious con-
dition influencing the clarity of the retinal image would be an uncor-
rected refractive error. However other less obvlious conditions can
also influence the image. These include room 1llumination, retinal
adaptiéﬁ to light, background illumination and color vision. Just as
there are many ways of testing for acuity. Because the effect certain
variables have on visual acuity can be subtle, different testing pro-
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cedeers may have to be used inctead of the Znellen visual acuitys.
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One variable that may influence acuity is'now very popular fad of
placing tints or lens coatings on ophthalmic lenses for full time and
nulti-purpose uses, Most times, a tinted lens is given for its cosmetic
appeal without regard as to how that tint may change the visual envir-
gument of the person wearing it. By reducing the illumination entering
the eye with a tinted lens, could acuity problems arise as a person
performs daily taslks? Does a cosmetic tint or a sunglass type tint,
even affect visual performance at all? Obviously any affect a tint may
have will not be dramatic enough to show up on tests such as Snellen
acuity. What if instead of Snellen, a test was used where idenification
of & target depended only on the subtense of the visual angle and is not
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affects by surrounding objects or clues. Such a test would depend
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angular acuity only. Since this test would be able to pick up small

changes in acuity levels, will tints affect thisacuity test?

Iguipment and Subjects

To measure minimum angle of recolution, a checkerboard pattern was
chodsen as the target, The acual target was a slide of the checker-
board pattern imaged on a wall by a projection. The projector ﬁas cap=-
able of changing nagnification of a target so that a single size target
would produce various Snellen letter acuitice as the size image changed.
The checkerboard pattern was designed so that each square had a projected
image size that corresponded to a 20/20 Snellen letter when the projectors
magnification was set on 1,0x at a distance of 10 {t, The overall size
of the pattern image was 4,1 cm,

Four different tints were usiﬁg in this cxyer%ﬁment. They were a
Brown tint with a transmittion of 701, a photogrey extra lens, tfansﬂ
mittion 80% unbleached, 65% U.Ve bleached, a Green tint, 35% transmi%iion
and a Grey lens 2075 transmi%?ion. These tints were combined with 3
Kodac Vrattan neutral density filters of 0.6, 1.0, and 2,0 N.D,

Tnirteen subjects were used in the cxperigment. They ranged in
age from 18 to 9. £11 had acuity of 20/20 or better unaided or corrected
with lenses to that point, There vere 5 females and & males. Hone of the
subjects had any pathological conditions or field defects at the time

of testing

L2 8,
Irocedure
Iwo different procedures vwere used to obtain the minimum angle of
resolution, The four different tints were used and aldo a trial done
without any tints. Zach person was asked to look through each tint

(or no tint) while the other eye was covered with a black occluder, The
o
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subject was asked to use the eye he thought had %7 best vision or the
eye he used most in a monocular situation. The sequcnce of each person
tested was first no tint, then Thotogrey, Erown, Green and lastly Greye
Tach person weae allowed approd. 1 mnin. to adapt to the lens. This lens
sequence was performed with each neutral density filter as a combination
in the following order 0.0 NeDsy 046 Heley 1,0 NeDy and 2,0 N,D, The
complete sequence was performed once in full room illuamination and again
with all roow lights turned off, (The »hotogrey lens was exposed 10
ming. to U.V. lights beforeit was used in the "daylight"test and the

lens was allowed to lighten 1 hour before its use in the "darkness!

Test /1 - wvas performed by all 135 pcople., They were asked to view
the checkerboard pattern using the full lens and neutral density sequence
in both "daylight" and "darkness" conditions. With the projector distance
and target size remaining constant (10 ft, and 4,1 cm respectively) the
subject was asked to slowly wall towards the target starting from a
distance where no pattern could be distinquished and to stop when he
could first recognize a checkerboard pattern. This distance was measured
and the visual angle it represented computed,

Test .2 - was cone by 6 subjects again using the full tint and
filter sequence and lighting concditions, They were asked to sit at the
same distance from the target as the projector (10 ft,) Keeping the
distance constant the subject was asked to vary the nagnification of the
image pattérn until it could be just recognised as a checkerboard., As
before, the person started from a point where the pattern was unrecognizable.,
A scale was placed along the movable magnification control knob, Zach

valuc corresponded to a certain size target, The visual gngle was also

computed.



In addittion one subject was asked to perform each trial of each
test 10 times to establish the reliavility of individual responses.

These responces were not included in the overall data,

RESULTS

As expected there vere aiot of differences between individual
responces, The standard dev{ation for Test /1 ranged from ,160 SeD.
with no tint and no filter in "daylighti" to 1.474 5.D, with a green
tint, 1,0 NeDe in daylight., For 'est 2 responces ranged between ,004 S.D.
with a Green tint, 0.6 N.D. in "darkness" to ,646 with a Grey tint
1,0 N,D, in "daylight," Test .'> (the combination of both tests) results
ranged from 151 S.D. with no tints and no filters in "daylight" to
1.551 S4De with a Grey tint, 1.0 .0 in "daylight". The average of 3
all the standard deviations are for ;1 = 460 Se.Dey for 2 = o126 SeDe
and 3 - L416 5.D. It would appear that the conditions in test /&
promoted more uniform data betwecn the subjects tested, (See charts for
standard deviations scores)

Zventhough there was a wide range in data between the subjects
tested, when 1 person was acked to show repeatability of individual
findinge, the standard devintion vwere low with an average of 043 SeDe
in test 1 and .019 5,0, in test 2. Again test /2 scems to give more
consigtant data,.

40 1t would seem the wide cdifferences between the data gathered
from each subject shouldn't interferewith the end results, because
individual results are repeatable., The variation simply showe that
the tints filters and lighting conditions affected each subject
differentlye.

Comparing the means of the various tints, in all cases the means
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for teot 2 were lower than test 1 neans, The means of the combination
(test 3) normally were similar to test .1 but always lower., This may
relate to the more consistant scores obtained in test #2. Also, the mean

1

scores for the trials were lower in "darkness" conditions, It may
have been beccause the contrast between the checkerboard light and dark
squares was 10 in "daylight" conditions while it was 27.7% in "darkness"
conditions,

To finally answer the ouestion, "Did the tints tested significantly
reduce the subjectfs ability to resolve the checkerboard pattern?"
the data must bhe looked at in a differvnt manner., If the tints had no
effect on the subjects the difference between the scores found using no
tints vs., any tint in the trials should be egual to zero, allowing for
differences Jue to normal variations., To compare the differences between
no tint and using a tint, a Z score was found for all trials (see chart)
After arriving at the I score for smituations, the guestion iz then how
much of the score is due to normzl variation. Two percentage error
scores were choosen 95% and 99%, These scores have a value which means
that for any % score the differencgmust be greater than their set value
or the cause of the difference is only due to normal variation. The 95%

and 997 scores mean that this situastion would apply to 95 cases out of 100

bk

and 99 cases out of 100. If the Z scores found for any trial wvas greater

than the percentage crror valuc ¥ s the
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ference could not be blamed only on normal variation. The difference
in 2 scores would mean the difference in the affect of tint vs. no tint
would not be zero, Thereforc the tint had aifected the measured aculty
and it interfered with the subjects ability to resolve the target.

If the 9% error valuc is used only the trial test % score comparing
no tint to the brown tint with no filter in "daylight" can be explained

away by normsl variations, All other comparis}ons showed that the tints
)




did reduce the subjects ability to resolve the target. If the 99%
error value is used 6 out of 28 conmpariszions could be the result of normal
variations, Thc £ cases were mostly those tints with large trans-
mi%fion percentages. By far the majority of the cases suggest that
a tint will increase the mininmum angle ueeded to first recognize a

target, thereby suggesting an interferencc with visual performance,.

Conclusion

As first stated in the introduction, there are many things that can
interfers with vision and visual performance., Some like a tint may
not cause a great deficiency when éompared to other visual problems
such asg an uncorrected refractive error but the reduction still exists.
As noted by the differences in I scores different tints will affect
visual performance to a lesser or greater degree. For the most part
the sunglass tints (Green and Grey) will reduced visual performance the
greatest. The Photogrey and Drown tints also will reduce the performance
more often than not even using the 990 error value,

As noted in this study, there is & wide variation between individuals
in how the tints and lighting conditions affected their performance level,
If it would be impossidble to know which people may be hurt in their

visual perforumance by a tint and the type and amount of transmiﬁtion

loss would be necessary for this recuction toshow up. Because every
person is exposed to hundreds of different lighting conditions and

acuity tasks, this further complicates determining when a tint may be
hermful. & practitioner must then use common sense in giving his O.Ke

to a patlenl wanting a tint especially if that tint is to be worn on a

full time basis,
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2 VALU. SCONES

CLEAR VS PHOTO B0 GialN GR=Y
3
000 ‘:ljzi 1 a"l?i')@ b-*J:ﬂ.‘-() ‘II .5‘;0
2 2,129 54605 54019

0.6  2.702 1,9248 5,267  5.511
2e558 >+906 La297 4.929

230) 1.6’20@ 2.961 24365
12 2,450 30046 2,923
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) 95/ = 1,65 score or below shows normal variation
) 99k = 2,06 score or below shows normal variation
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