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Opinions or conclusions contained in this report are those
of the authors. They are not to be construed as necessarily
reflooting the views or the endorsement of the Navy Depart-
ment. Reference may be made to this report in the same way
as to published articles noting authors, title, source, date,
project number and report number,
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OBJECT

To study the effectiveness of sunglasses, N-1,
Contraot Noe NxSx 66844 in eliminating the cumulative effects
on light threshold of intense exposure to sunlighte.

q - SUMMARY

Thirty-two subjeobs were given trainiag on the

( Heoht=Shlaer Adaptometer for one week and, on the bdaasis of
average threshold, divided into three groups. For the next
three weeks, all subjects were tested each morning and thea
transported to Onslow Beach. During this period, one group
had maximum protection from the sun by wearing dark-adaptor
go;gloos another group was issued .ounghnoo s N=13 the third
group had no proteotion for their eyes. Average thresholds
for each group were computed and compared.

( No signifiocsant differences were found between any
of the groups. Possible reasons for the appareat disorepancy

between these results and those of other investigators are

outlined.
3 r BACKGROUND
// Heoht, ot al., investigated the offect of extended




exposure to sunlight on the threshold of the dark-adapted

eye (1) They confirmed previous work showing that the

rate of adaptation and the final threshold after forty-five
minutes in the dark were affected by the intensity of light

in the period preceding dark adaptation. They also concluded
that there was a omhtl;‘ effect, such that, over an exten-
ded period of exposure, e.g., 10-15 days in the bright sun,

the threshold gradually inoreased and did not return to nore

ml for several days after intense exposure was discontinued,
The military significance of such results is immediately ap-
parent when one considers the possitility that a man who per-
rcr-._; ;_nm lookout duty might be exposed to intense sunlight
during the days Not only would 11:' take him longer to complete-
ly adapt to the darkness the following night, but, over a period
of several weeks of such a routine, his eyes would gradually be-
come less and less sensitive to minute changes in light. Sune
glasses were developed to protect the eyes from exposure to such
high intensities of light. These sunglasses, N-1, Contract

Noe. NxSx 66844, have neutral tiat, plastic lenses with a trans-
mission of about twelve per cent. The preseni experiment was
designed to test whether these glasses offer sufficient pro-
teotion to eliminate cumulative effects of exposure cm subse-

quent threshold values.
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APPARATUS AND PROCEDURE

All threshold determinations were made with tho
Hecht=Shlaer Adaptometer whioh has been described in a
previous report (1). The psycho-physical method used was
the method of limits. The procedure for determining the
threshold of each subject inoluded the following steps:

(1) Several settings of the Hecht-Shlaer Adapto-
meter were used to estadlish the approximate range of the
threshold.

(2) The intensity was set consideradly below
this approximate threshold and was inoreased in steps of
0.1 1oz units until the sudbject reported seeing the stimu-
lus on two sucoessive steps.

(3) The intensity was then set considerably above
the approximate threshold and was successively reduced in 0.1
log unit steps until, on two consecutive exposures, the sub-
Jeot reported that he saw nothing.

(4) Steps 2 and 3 were repeated. The four values
obtained were averaged, and this average was taken as the
threshold for that test period.

Thirty enlisted Marins Corps personnel were used
as subjects, For one week prior to the experiment, these
subjeots were tested twice a day on the Hecht=Shlaer Adapto-
meter. During this week, all subjeocts wor; standard Navy




dark-edaptor goggles which provided a control over pre-sxperi-
mental differences in exposure to sunlight. This period not
only gave training on the Adaptometer but yielded a fairly
well determined pre-experimental threshold,

At the end of this pre-experimental period, the sud~
Jects were divided into three groups: the “sun (X) grouwp",
which was to have no protection from the sun; the “control (C)
group”, which was to have maximum protection by wearing the
darkeadaptor goggles throughout the experiment; and the “sun-
glass (S) group™, which was to have the protection of the sun-
glasses. These groups were approximately equated as to mean
thro!hold on the basis of their average threshold in the pre~
experimental week. |

Since primary interest was in the cumulative effect,
all testing was done in the morning between 0700 and 9900,
This eliminated as much as possidle the immediate effects of
the previous day's exposure. At 0900 all sudbjects were trans-
ported to the beach. Exoept for about thirty to forty minutes
at noon, sll subjects remained at the beach until about 1600
when they were transported back to camp. This routine was
continued for nineteen days.

Brightness measurements were made each day with
the Macbeth Illuminometer. The average brightness of the
beach was about 4000 millilamberts (ml.), that of the water




about 2000 ml. Of the nineteen days in the experimental period,
there were three days in which the subjects did not go to the
beach, Of the remaining days, three were dull and overcasts In
general, the bdrightness of the area was bdelow that which has been
available to other mvnu;utoic, and to that extent, this area
was an unfortunate choice as a locale for this study.

Several sudjects voro.umblo to complete the experi-
ment becsuse of emergency leave, reporting to sick dbay, etc.
Only those subjects were used in this analysis who completed the
experiment with not more than two daya in which thresholds were
not taken.

RESULTS -

Table I records the threshold for each subject for
each day. The mean scores {or each group for each day were
computed, and these values are plotted in figure 1. The line
was drawn through the data in each group by visual inspection.
Inspection of the curves representing the three groups in this
experiment fomlo no striking differsnces between the groupse
The ocurves for the control and sun groups are almost identical,
oxcept far a small constant difference due to failure to onotiy
oquate the two groups with respeot to pre-sxpsrimental threshold.
The average threshold for the sunglass group shows less of a ten-

denoy to decrease, but this difference can probably be attridbuted
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to the inmaccuracies of the method of fitting the line to the
data and to the large variability of the thresholds.

In an attempt to get an over-all atat;uouk of the
amount of the effect of exposure to sunlight, the mean thres-
hold for each group for the week preceding exposure and for
the three weeks during exposure wore computed. These values
are shown in Table II. The small differences between the
groups again assign the greatest decrease in threshold to the
control group. In accordance with figure 1, the sunglass
group (S) exhibits the least decrease in threshold. As in the

provious method of analysis, the diminutive nature of the dif-

ferences must be emphasiged.

AP S N 55388 1 Ik

DISCUSSION

i b NS g8

It is impossidble to evaluate the effectiveress of

-

sunglasses, N-1, from the present results, This may te ate
tridbuted to two factors:

| (1) Great varisbility of threshold determinations
on untrained subjeots, which tends to obscure minute changes
in threshold.
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(2) lack of conorete svidence for the origimal phe-

s e a3

nomenon, i.¢., the existence of a cumulative effect of exposure.

An indication of the magnitude of the variability can
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be obtained from Table I. The variability of such a rela=-

tively stable statistic as the group mean can be observed in

figure 1 and in Table I, | |3
Some doubt as to the existence of & cumulative ef=- |
foot has arisen as a result of the work of Clark, Johnson,
end Dreher (2) who found an increase in threshold (following
exposure) which persisted overnight to some extent but which

( "returned to normal after one day's complete protection from
light", Before additional research is desigzed to evaluate

these sunglasses re: the proteotion offered against the cumu-

lative effect of exposure to intense sunlight, it is reoom-

mended that another project be set up to analyze and reaffirm
this “effect".
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TABLE I
THRESHOLD DETERMINATIONS FCR EACH SUBJECT FCR EACH DAY AS MEASURED BY HECHT-SHLAFR ADAPTOMETER
DAYS
1 2 3 4 5 6 7 8 9 10 1n 12
SUBJECT

GROUP 1 2,50 2,30 2,33 2,38 2,28 2,50 2,28 2,50 2,30 2,35 2,28 2,28
2 260 2,50 2,68 2,65 2,60 2,60 2,68 2,770 2,58 2.55 2,60 2,40
) ¢ 3 2,03 2,08 2,13 2,05 2,18 213 2,10 2,00 2,08 2,00 2,05 1,95
he 247 2,43 2,48 2,53 2,55 2,58 2,80 2,50 2,52 2,45 2,38 2,40
5 245 28 243 2,40 2,45 2,55 2,28 2,43 2,40 2,25 240 2.6
6 2,32 2,35 240 2,53 248 243 2,58 240 2,30 2,65 2,53 2,43
7 2,25 2,35 2,25 2,40 2,33 235 2,30 2,28 2,58 228 223 2,2
- 8 2,38 2,23 218 2,30 2,50 2,20 2.33 2,13 210 213 2,08 1.9
9 253 243 265 2,50 2,58 243 2,55 2,35 2,50 2,40 2,55 2.8
10 2,45 2,25 2,28 2,20 2,23 2,35 2,35 2.28 2,23 2,25 2,10 2.8
Average 2,40 2,34 2,38 2,39 242 241 243 2.36 2,36 2,33 2,32 2,3
GROUP 1 2,53 2,35 2,28 2,35 2,28 2,28 2,30 2,38 2,28 1.83 2,25 2.23
2 2,28 243 218 2,20 2,20 2,28 2,48 2,28 2,32 2,20 2.35 1,93
c 3 2,68 263 260 2,70 2,80 2,73 2,68 2,770 2,63 2,75 2,58 2,40
A 2,33 2,38 2,30 2,35 2.35 2,18 2,25 2,25 2.43 2,13 2,30 2,40
5 2,38 2,50 2,58 2,43 2,60 2,63 2.48 2.45 2.43 2,50
6 2,35 2,20 2,40 2,30 2,38 2,48 2,38 2,38 2,33 2,18 2,28 2,13
Psgo 2,43 2,40 2,38 241 2,40 240 245 244 2.4 2,26 2,37 2,27
» GROUP 2,48 2,65 2,50 248 2,50 2,53 2,23 2,40 2,35 2,30 2.43 2.55
2,33 2,38 2,25 2,28 2,30 2,38 2,20 2,28 2,23 2,03 2,28 2,23
8 2,28 2,30 2,45 2,58 2,65 2,50 2.75 2.53 2.53 2.53 2,48 2,38

2,40 2,50 2,43 2,40 2,35 2,30 2,43 2,53 2,32 210 2,13 2,08
2,18 2,20 2,35 2,28 2,43 2,15 2,23 2,23 2,20 2,12 1,98 2,18
2,23 2,35 2,35 2,43 2,30 2,20 2,35 2,33 2.40 2,30 2,18 2,20
2,40 2,30 2,53 2,28 2,53 245 2,50 2,33 2,43 2,20 2,38 2,35
2,40 2,48 2,50 2,48 2,53 2,53 245 2.38 2.52 233 248 2,38
2,15 2,20 2,10 2,30 2,25 2,25 2,38 2,20 2,22 2,20 2,25 1.9
2,75 2,45 2,58 2,63 2,55 2,53 2.75 243 255 2.38 2,65 2.8

2,36 2,38 2,40 2,41 2,44 2,38 243 2,36 2,38 2,25 2,32 2,28
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2,60
2,33

2,13
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2,53

2,33

1

2,13
2.2%
2.03
2,25
2,18
2,42
2,20
1.97

2,35
2,28

N.B

2,45
2.30
2,25
2,60
2,15
Nos
2,43
2,40
2,20

2.45

2,34 2,27 2.28

15

2,30
2,33
1,98
2.30
1.95
2,43
2,30
2,05
2.40
2,28

2,23

2.15
2,15
2,33
2,20
2,40
2.35

N.g

2.43
2,13
2,40
2,08
2,23
2,20
2,28
2.40
2,13
2,43

2,08
2,08
2.43
2,25
N.N“
2,10

2,20

2,33
2,20
2,20
2.25
2,25
2.33
2,38
2,53
2,18
2.15

TABLE I (cont'd,

DAYS

17 18
2,35 2,23
2,25 2,235
1.95 2,10

2,35 2.40
2,23 2,20
2,50 2,38
2,15 2,18
2,08 2,05
2,35 2,40
2,23 2,25
2.2h 2,25
2,25 2,18
2,20 2,10
2,33 235
2,15 2,10
2,40 2,40
2,28 2,18
2,27 2,22
2,35 2,25
2,30 2,13
2.45 2,40
2,20 2,28
2,10 - 2,28
2,15 ' 2,23
2,35 2.25
2,50 2.40

2,18 2,00
2,35 2.33
2,29 2,26

19 20
2,28 2,10
2,23 2,35
2,13 2,02
2,40 2,12
2,23 2,15
2,33 2.5
2,05 2,30
2,00 1.95
2,25 2,37
2,13 2,40
2,20 2,23
Hos N.ww
1,98 2,12
2,33 2,40
2,00 2,20
2,48 2,35
2,10 2,20
2,12 2,27
2,10 2,35
2,00 2,15
2,33 2,38
2,08 2,35
2,10 2,28
2,25 2,10
2,08 2,35
2,20 2,50
~.8 N.S
2,00 2,38
2,11 2,29

2

2,38

2,45
2,15

2,25

2,38
2,43
2,10
2,50
2,25
2,33

2,32

2,18
2,13
2,35
2,35
2,43
2,23

2,28

2,28
2,05
2,38
2,35
2,20
2,20
2,18
2,50
2,03
2.40

1

22

2,13
2,38
2,03
2,28
2,13
2,30
2,18
N.g
2,25
2,28

2,23

2,23
2,00

2,40

2,38
2,13

2,23

2,33
2,08
2,38
2.45
2,25
2,13
2,20
2,48
2,10
2,48
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23,

2,33
2,50
2,18

2,55
2,25
2,28
2,10
2,15
2,50
2,18

2,30

2,03
1.95
2,53
1.95
2,73
2,10

2,22

2,23
2,10
2.43
2,20
1,98
2,33
2,05
2,33

2.40
2,20

2,26 2,29 2,23

"

24

2,20
2,63
2,18
2,40
2,33
2,43
2,08
”.H’“
2.35
2,28

2,31

2,20
2,30
2,60
2,18
2,58
2,05

2,32

2.15
2.15
2,55
2,30
N.g
2,35
2,25
2.43
235
2,08

2,29
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TABLE II

Mean scores for experimental groups before and after

exposure to sunlight

BEFORE AFTER

2,39 2,26 s
2.41 2.26 35
2,39 2,27 a2




