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SUMMARY PAGE 

THE PROBLEM 

To measure the ability of persons submerged without a face- 
mask to estimate size and distance of objects. 

FINDINGS 

Although the range of visibility was markedly reduced— 
maximum range was only 15 feet, whereas with a mask it would 
have been around 200 ft—the divers were able to estimate the 
distance of visible objects quite accurately.   There was little 
difference between the distance-estimates of visible objects at 
a given distance with and without the facemask.   Similarly, errors 
in size-estimates were no greater without the mask, although 
they were in the opposite direction:   size was underestimated 
rather than overestimated.   Finally, stereoacuity was very much 
reduced without the facemask, similar to the reduction in reso- 
lution acuity found before.   There was a moderate correlation 
between stereoacuity in air and in the water. 

APPLICATION 

Divers without a facemask are able to estimate the size and 
distance of visible objects as accurately as with a mask.   Individ- 
uals with refractive errors do as well as those whose vision is 
normal. 

ADMINISTRATIVE INFORMATION 

This investigation was conducted as part of Bureau of Medicine 
and Surgery Research Unit M4306. 03-2050.   The present report is 
Number 19 on this work unit.   It was submitted for review on 23 
October 74, approved for publication on 4 November 74, and des- 
ignated as NavSubMedRschLab Report No. 795. 
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ABSTRACT 

In a study to determine the visual acuity of divers in the water 
without a faeemask, three basic visual functions were examined. 

Distance- and size-estimates and stereoacuity judgments were 
made in the water by divers both with and without a faeemask. 
Without the mask, only stereoacuity was markedly degraded.   Dis- 
tance-estimates were slightly more accurate, despite a great de- 
crease in the range of visibility.   Size-estimates were slightly too 
small.   Divers with refractive errors did not appear to be more 
handicapped than those with normal visision. 
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VISION IN THE WATER WITHOUT A FACEMASK 

INTRODUCTION 

Almost no attention has been paid to the 
measurement of the various visual proces- 
ses of divers in the water without a face- 
mask. Yet there may be occasions when 
an individual, such as an escaping sub- 
mariner or a downed pilot, may find him- 
self in the water without a mask, and it 
would be of interest to know how his basic 
visual functions would be affected. 

It is well known that the lens of the 
eye accounts for only a small fraction 
of the refractive power of the eye; at 
least two-thirds of the refraction of 
light rays is accomplished at the 
corneal-air interface.   When the eye 
is immersed in water, this interface 
is lost, and with it most of the refrac- 
tive power of the eye. 

The limits of visual acuity were 
studied under such conditions some 
years ago; Luria and Kinney^ found 
that even under the best conditions, 
visual acuity was reduced to about . 1 
compared to better than 1.0 in air. 
In the present study, we have exam- 
ined three other basic visual functions, 
stereoacuity, size-estimation and dis- 
tance-estimation.   Taken together,   the 
four sets of results should give a good 
indication of what can be seen. 

METHOD 

Apparatus and Procedure: 

The experiment was carried out in 
the well-lighted, clear water of a 10 x 

25 m swimming pool.   The general pro- 
cedure was to test half of the subjects 
first with a facemask and half without a 
mask on each test. 

1. Distance estimates- The subject, 
positioned by a chin-rest, estimated 
the distance in feet of a fluorescent 
orange cylinder (12 cm high and 7 cm 
diameter) suspended at eye-level at 
three distances, randomly chosen from 
1 to 6 m.   The view of the target was 
blocked between judgments. 

2. Size estimates were obtained for 
targets positioned 60 cm from the subj ect. 
The subject's task was to choose from a 
series of 19 black disks (whose diameter 
varied from 3.2 to 10.16 cm) those disks 
which appeared to have the same diam- 
eter as a golf ball and a baseball.   The 
disks were suspended in a haphazard 
arrangement on a white vertical back- 
ground.   The subjects reported their 
choices without touching the disks. 

3. Stereoacuity was measured in two 
ways.   Equidistant localization thres- 
holds were obtained in the water using 
three pairs of targets.   All targets were 
flat plates 60 cm long and painted fluor- 
escent orange.   The widths of the three 
pairs were 2.5, 10, and 30 cm.   The left 
target was suspended in the water at a 
fixed position; the right target was low- 
ered into the water at a lateral separa- 
tion of about 10 cm from the fixed target 
but at a different distance.   The subject 
signalled the experimenter how to set the 
right target so that both appeared to be 



equidistant*   There were three trials 
with each pair. 

At the mean viewing distances chosen 
by the subjects, 1.5, 2.6 and 3.0 m, the 
plates subtended 0.95, 2.2 and 5.7°, 
respectively. 

For the perception of size and dis- 
tance, a comparison was made between 
vision in the water with and without a 
facemask.   For stereoacuity, however, 
preliminary data showed it to be so 
poor that such a comparison was un- 
necessary, and the thresholds were 
obtained only without a mask. 

However, in order to relate acuity 
to the subject's refractive errors, 
thresholds were subsequently measured 
in air using the much more sensitive 

method of constant stimuli and the var- 
iability of the equidistant settings was 
used for analysis.   The subjects wore 
-40 diopter prisms {but not their spec- 
tacle corrections) which reduced their 
refractive power by roughly the same 
amount as the eye-water interface. 
Additional subjects were recruited and 
a total of 11 were tested, as indicated 
in Table I.   Stereoacuity was meas- 
ured with a three-rod Howard-Dolman 
apparatus.   The vertical, black rods 
stood in a box with a gray front 46 cm 
wide and 36 cm high.   The rods were 
1.57 cm thick, 7.6 cm apart,   and 
were seen against a white background. 

Viewing distance again varied some- 
what for each subject, but at a typical 
distance of 40 cm, the rods subtended 
2.25° at a separation of 10.75°. 

Table I.   Refractive corrections of the subjects (prism diopters) 

Subjects Left eye Right eye 

Emme tropes : EH 0.00 0.00 
TP 0.00 0.00 
CM 0.00 0.00 
SL -0.50* -0.50 

Myopes: DW -6.00 -1.50x180 -5.25 -1.25 x180 
BC -1.25 -1.00 -0.75x180 
MS -3.50 -0.25 x 045 -2.50 -0.25 x 045 
LG -2.50 -0,50x090 -2.00 -0.50x 110 

Hyperopes: JK 44.75 -0.50x 090 +4.50 -0.50 x 090 
LR +2.00 +2.00 
DK +0.75 -0.50x 095 +0.75 -0.25 x 115 

*The first author has invoked executive privilege and declared 
himself still an emmetrope. 



Subjects: 

Six members of the laboratory staff 
served as subjects in the water.   They 
were two emmetropes (SL, EH), two 
hyperopes (JK, LR), and two myopes 
(DW, BC).   The two emmetropes and 
one of the hyperopes (JK) were exper- 
ienced in underwater experiments. 
Five additional subjects, also labora- 
tory members, participated in the 
stereoacuity test in air.   The refrac- 
tive corrections of the subjects are 
given in Table I. 

RESULTS 

Distance estimates: 

Table II shows the mean ratios of 
the estimated distance of the target to 
its actual distance for the three pairs 
of subjects with and without a mask. 
The mean ratio with the mask was . 74, 
about what would be expected from 
optical considerations.   This ratio in- 
dicates that the target appeared to be 
about three-quarters its actual dis- 

tance.   Without the mask, the mean 
ratio increased to .88.   The sets of 
estimates with and without a mask are 
reliably different (paired t = 2.38, 
df = 5, p > .05).   It is clear that the 
lack of a face mask does not increase 
the errors of divers' distance-esti- 
mates.   Indeed, they are slightly 
more accurate without the mask than 
with it.   Differences among individ- 
uals were much larger than any at- 
tributable to type of refractive 
error. 

Figure 1 shows the two sets of es- 
timates .   The lines are least squares 
regression lines.   An analysis of var- 
iance indicates that their slopes are 
not reliably different.   That is, there 
is no indication that the distance es- 
timates made without the mask are 
changing relative to those made with 
the mask as the target-distance in- 
creases . 

Size estimates: 

Table III gives the ratios of the 
diameters of the disks which appeared 

Table II.   Mean ratio of estimated distances to actual distances 

Subjects Mask . No Mask 

Emmetropes: SL .92 1.02 
EH .36 .58 

Myopes: DW .81 .80 
BC .72 .79 

Hyperopes: JK .84 .97 
LR .78 1.11 

Mean .74 .88 
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Fig. 1. Distance estimates of targets at various physical distances made both with (o)and 
without (x) a facemask 

to be the same diameter as a golf ball 
and a baseball to the actual diameters 
of the balls.   With the mask, the mean 
ratios were . 93 and . 87 for the golf 
ball and baseball.   As expected, be- 
cause of the magnification of the retinal 
image as a result of the refraction of 
the light-rays, the subjects tended to 
choose disks whose diameters were 
smaller than the actual diameters of 
the balls. 

When no mask was worn, every disk 
chosen except two was too large {paired 

t = 2.77,   df = 5, <.05), whereas wear- 
ing the standard mask results in the 
divers choosing disks that are too small. 
The magnitude of the error in both cases 
is approximately the same. 

Stereoacuity: 

The mean equidistance localization 
errors for the three sets of targets are 
given in Table IV for the entire group. 
Errors were appreciably larger with the 
smallest pair of targets, and the sub- 
jects had to come progressively closer 



Table III.   Mean ratios of diameters of disks chosen to actual diameters of 
golf ball and baseball 

Subjects 

Mask No Mask 

Golf Baseball Golf Baseball 

Emmetropes 
SL 0.75 0.70 1.19 1.22 
EH 0.75 1.05 1.19 1.26 

Myopes 
DW 0.75 0.86 0.95 1.05 
BC 1.27 1.00 1.05 1.05 

Hyperopes 
JK 0.77 0.62 0.83 1.10 
LR 1.27 1.00 1.27 1.10 

Mean 0.93 0.87 1.08 1.13 

Table IV.   Mean stereoacuity thresholds   distance of 3 m.   The best mean value 
{rfa in sec arc), mean local- 
ization error (em) and mean 
viewing distance (m) for 
targets of different size 

however was over 100 seconds of arc, 
far worse than the mean of around 10 
seconds of arc expected with a face- 
mask.2'3 

Small Medium Large 

Stereoacuity 420 128 175 

Localization 
error 7.1 7.0 12.5 

Viewing distance 1.5 2.6 3.0 

in order to make a judgment as target- 
size decreased.   The mean viewing dis- 
tance for the smallest targets was 
1.5 m, whereas all the subjects were 
able to judge the largest targets at a 

The precision of the equidistance 
judgments obtained in air for the 11 
subjects wearing their corrections is 
plotted against their spherical refrac- 
tive error in Figure 2A.   There is no 
marked relation between the two 
measures. 

The stereoacuity of the subjects ob- 
tained in air while wearing -40 A prisms 
(but not their spectacle corrections) is 
shown in Fig. 2B.   The best perform- 
ance was again only around 200 sec arc, 
achieved by the emmetropes.   Within- 
creasing refractive error in either 
direction, performance declined.   The 
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Fig. 2.  Variability of equidistant localization settings faa in seconds of arc) as a function 
of the observer's mean spherical refractive error (A) in air, and (B) in the water 
without a facemask. Note the different ordinates in each graph. 



The slope of the function for the hy- 
peropes is steeper than that for the 
myopes; that is, for a given magnitude 
of refractive error, the hyperopes had 
poorer stereoacuity than the myopes. 

There is a moderately high rela- 
tionship between the two sets of acui- 
ties (r = . 54, p < . 10), but a compar- 
ison of the two graphs suggests that 
the water may be having some effect; 
the myopes with refractive errors be- 
tween 1 and 2.5 D. had very poor 
stereoacuity in air, but relatively 
good acuity in the water. 

DISCUSSION 

These results show, surprisingly, 
that not all visual processes are greatly 
degraded in the water without a face- 
mask.   Distance estimates were more 
accurate without the mask.   It must be 
noted that the subjects produced the 
same regression lines with and without 
a mask, although the range of visibility 
without the mask was greatly reduced. 
With the mask, the divers had no trouble 
seeing the full length of the 25 m pool. 
Without the mask, they could see no 
farther than around 4 or 5 m, but they 
had no way of knowing, of course, ex- 
actly what their range of visibility was. 
Despite the fact that the divers could 
not know at what distance the target 
would fade out, their distance esti- 
mates were reasonably accurate as long 
as the target was visible. 

Since the target was extremely 
blurred except when very close - in- 
deed, usually it was nothing more than 
a luminous orange blur - the question 
arises as to what cues the subjects 
were using to make their estimates. 

The kinesthetic sensations arising from 
accommodation and convergence are 
sometimes suggested.   Zajac   and 
Davson5 believe that they do not con- 
tribute much to the ability to assess 
distance.   Leibowitz and Moore6 

found that such cues affect the per- 
ception of size only for targets within 
. 5 m.   But it is possible that the dis- 
agreements arise from the existence 
of individual differences: Richards 
and Miller7, reported that some sub- 
jects can use convergence as a cue to 
depth and others cannot.   However, 
their experiment involved targets up 
to a distance of only 2 m.   Similarly, 
Oyama8 has concluded that both per- 
ceived size and perceived distance 
can be determined by visual angle and 
convergence, but his study was also 
carried out with a viewing alley only 
slightly longer than 2 m. 

Size-estimates were also not de- 
graded without the mask.   With the 
mask, the subjects underestimated the 
size of the target-disks by about 10%; 
without the mask, they overestimated 
its size by about 10%.   We are not 
certain if one error would be consid- 
ered more serious than the other. 

The overestimation of size would, 
in general, be expected, since an un- 
focused retinal image is larger than a 
focused one.   One might expect that 
myopes would experience less de- 
foeusing of the retinal image in the 
water than either emmetropes or hy- 
peropes and would therefore pick 
smaller disks.   Their mean values, 
were, in fact, smaller, but the data 
are too variable for any definitive 
statements. 



In this study, only stereoacuity was 
markedly impaired by the lack of a face- 
mask.   Much of the reason for the very 
poor stereoacuity thresholds in the 
water is (probably) simply a failure of 
resolution acuity.   Note that in the pre- 
vious study, visual acuity was degraded 
by about a factor of at least 10, and that 
in the study stereoacuity was also de- 
graded by somewhat more than a factor 
of 10. 

The question immediately arises, 
however, as to why the ability to per- 
ceive the relative distance between two 
targets should be lost when the ability 
to localize one target is apparently 
largely unimpaired?   Table IV appears 
to answer this question quite clearly. 
Note that the mean localization error 
was always less than 12.5 cm.   This 
is extremely poor compared to the 
errors of less than 2 cm that are com- 
monplace in air.   But as distance- 
estimates, such errors would be quite 
acceptable under any conditions.   In 
other words, stereoacuity in the water 
is considered to be extremely poor be- 
cause it is being compared to a very 
accurate baseline, whereas distance - 
estimates are considered to be good 
because they are compared to a rather 
poor baseline.   It is clear that although 
a great deal of sensitivity is lost with- 
out the facemask, most divers retain 
a reasonably good idea of where visi- 
ble objects are localized. 

In summary, divers without a face- 
mask lose most of their resolution and 
stereoacuity, but neither the ability to 
localize the distance of visible objects 
nor the ability to estimate their size 
is impaired. 

Of most practical importance is the 
indication that, for the most part, in- 
dividuals with refractive errors are not 
disproportionately handicapped in any of 
the tasks, when compared to peopLe with 
normal vision.   The present results re- 
inforce our previous conclusions that 
refractive errors do not handicap a 
SCUBA diver.   Men with poor vision can 
serve as divers, since corrective spec- 
tacles can easily be built into their face- 
masks.   In the event that the mask is 
lost in the water, they are no worse off 
than would be divers with normal vision 
without their masks. 
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