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SUMMARY PAGE

THE PROBLEM

In a dark or in an empty lighted visual field, the eye tends to be
myopic even though it may be emmetropic in a normally lighted and detailed
environment. This tendency toward rnyopia may significantly affect the
ability of an aviator to fly at night or in a sky field void of visually
contrasting stimuli. The purpose of the present research was to find out:
(1) whether accommodation of Navy fighter pilots in the dark is different;
from that of non-,aviators, and (2) whether the accommodative state of
aviators is correlated to their performance of night carrier landings or to
air-to-air target detection.

FINDINGS

The accommodative state in the dark of the sample of Navy aviators was
significantly and dramatically different from that reported for samples of
non-aviators. For example, 50% of the aviators had less myopia in the dark
than 94% of a reported sample of 220 college students; less than 10% of the
aviators had as much myopia as 50% of the college students.

The operational performance of the naval aviators did not correlate
significantly with their accommodative state measured in the dark in the
laboratory. The absence of a significant correlation may be due to the
small amount of myopia in the sample of aviato.:s tested and the restricted
range of opera~tional performance scores.

RECOMMENDATIONS

The origin of the observed differences between the fighter pilots and
non-aviators should be explored. Non-aviators should be tested with the
same apparatus and in the same fashion as the aviatora were tested, to
eliminate any possibility that the differences observed between the samples
were due to methodological and procedural differences. If the differences
are not methodological or procedural in origin, then control of accommoda--
tion in the dark may be a selection factor for Navy aviators or, alterna-
tively, control of accommodation in the dark may be influenced by aviation ,I
training. Steps could be taken to optimize these factors for either selec-?- -
tion or training.

Lastly, we recommend exploring the possibility that the accommodative
state in the dark may provide a useful indication of the rate of the
development of refractive error with aging, or the ,affects of exten4.ed near
work upon far vision.
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IhWODUCTIOk

The accommodative apparatus of the eye functions to focus an image of
an object onto the renina (1). With the stimulus conditions arranged to
place little or no demand on the accommodative apparatus, it goes to a
resting state (11). The nature of this resting state of accommodation is
at issue. The classical theory describes it as a state In which the
ciliary muscle is maximally relaxed, which in turn causes a maximal flat-
tening of the lens (1,30). A maximal flattening of the lens causes the eye
to be focused at its far point. Although classical theory predicts that
the eye at rest would be focused at its far point, recent literature
indicates that the eye focuses closer than far point in conditious in which

A the eye should be relaxed (22,23). These conditions produce the anomalous
myopias, the most commonly discussed of which are night myopia, empty field
myopia, and instrument myopia (7,14,15,29,32). Night myopia refers to the
observation that. the eye tendi to focus closer in the da.:k than in the
li.ght. Empty field myopia refers to the observation that in a lighted
unstructured field, the aye tends to focus closer than in a lighted and
structured field. Instrument myopia refers to the observation that a
individual tends to focus o[tical instruments, such as micv-oscopes and

* telescopes, as if to compensate for a myopic condition. Evaluating the
significance of these anomalous myopias for the classical theory is dif-
ficult because different investigators and procedures measure different
amounts of myopia (22,30,32). Furthermore, post hoc explanations, which
have been proposed to reconcile the classical theory with the observed
myopias, attribute these myopias to a variety of zuntributing factors
(12,18).

Leibowitz and his associates have helped to clarify the situation.
From their work an alternative hypothesis emerged, which conceptualizes
the resting state Lf accommodation as an intermedlate point, which is less
than the far point (10,14,15,16). A stimulus for accommodation is one that
pulls it from its resting state. Accommodation to a stimulus is a com-
promise between the necessary effort of the accom-dative apparatus to
generate a retinal image of adequate optical quality and the tendency of
t.he apparatus to reuiain at a resting or tonic posture. Three important
ideas are identified in this theory: (1) the ability of the stimulus to
drive accommodation, (2) the tendency of accommodation to be at its resting
state, and (3) the "adequacy" of a retinal image.

Leibowitz and his associates have developed the first two ideas most
thoroughly. They found that as illumination or contrast of a stimulus
decreases, a consistent tendency to over accommodate the distant stimulus
and under accommodate the near stimulus occurs (10). Accommodation is most
accurate with the stimulus at the distance of the subject's accommudation
at rest. The ability of a grating stimulus to drive accommodation is
predicted by the contrast sensitivity to the grating (21). Furthermore, as
the quality of the stimulus decreases, so does its ability to pull accommo-
dation from its intermediate resting position (22,23). This conceptualiza-
tion may nut provide a framework for a metric with which to evaluate the
visual effectiveness of supra-threphold stimuli encountered in the real

world; i.e., by the relative accuracy of the accommodative response.

The third idea is that an individual accommodat-.s to a stimulus for a
specific purpose, and accommodation produces an image of adequate quality
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for that purpose but not necessarily better than needed. The resolution
necessary to identify a roundish object as a face is less than that
necessary to identify the specific face; therefore, the context of a visual
task most likely is a factor influencing the accuracy of accommodation
(30).

Accommodation in the dark has been reported in college students. The
data of Leibowitz and Ovens (16), in Figure 1, are characteristic in that
an average dark myopia of between I and 2 diopters (D) with a standard
deviation of about I D are ,nost commonly reported. A survey of the accom-
modative state in the dark of 154 U. S. Air Force recruits has reported a
mean myopia of 1.2 D with a standard deviation 1.5 D (30). The same study
reported a survey of 114 college students with an average of 2.7 D of
myopia and a standard deviation of 2.6 D. The difference between the
students and Air Force recruits is statistically significant. It was
suggested in the report that this difference between the two groups may be
due to a process of self selection; that is, individuals who otherwise
would have applied to the Air Force did not because they perceived them-
selves to be too myopic to qualify (30).

The significance to aviation of the accommodative state in a dark or
an empty visual field has been previously recognized and often discussed
(8,13,26,27,28). Aviators routinely fly at night and in sky fields with
few if any visual stimuli of appreciable contrast--situations conducive to
night and empty field myopia. We have drawn two hypotheses from this fact.
First, the accommodative state in the dark measured in the laboratory may
provide an indication of the posture accommodi.tion tends to assunm: in the
cockpit at night and in an empty sky fitld. If this is true, then night
carrier landing scores and air-to-air target detection may he expected to
correlate with accommodation in the dark in the laboratory. Second, the
accommodative state of aviators in the dark as a group may be significantly
less myopic than that of other, less selected samples.

To evaluate these hypotheses, we measured the accommodative stte of
172 U. S. Navy fighter pilots in the dark in a laboratory setting. rhe
measurements were made between June 1983 and Oztober 1985 in the NAMRL
Mobile Field Laboratory (MFL) at NAS Oceana, Virginia Beach, VA. The
measurements were made during the time the aviators were participating in
Air Combat Maneuver (ACM) training at the Tactical Air Combat Training
System (TACTS) range. The distance at which an aviator first reported
visually sighting an adversary aircraft during ACM trainl.ng, slant range,
was one measure of flying performance compared with that aviator's accom-
modation in the dark. We used this task because it is the detection of a
small visual stimulus in a sky field that may have few contrasting con-
tours. Since myopia is known to reduce sensitivity to a spot of light
(20), wa hypothesized that aviators who are subject to empty field myopia
would detect adversary aircraft at closer distances than aviators who are

not subject to empty field myopia. The amount of myopia evident in an
empty field is highly correlated with the amount of myopia evident in the
dark (14). In addition, a second measure of flying performance, the most
recent night carrier landing scores of the participating aviators, was
obtained for comparison with accommodation in the dark. We hypothesized
that aviators who are more myopic in the dark would have poorer night
carrier landing scores than aviators who are less myopic in the dark.
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METHODS

APPARATUS

Measurements were made with a laser-Badal optometer, which is de-
scribed in the literature (2,5,6,97 and shown in Figure 2. The iight
source was a l.O-mW helium neon laser (632.8 nm) with its beam diverged,
passed through a shutter, and reflected from a front-surface mirror onto an
anodized aluminum drum rotating at 1.0 rpm. The drum surface reflected the
beam through an iris, a +5.0-D Badal lens, and onto a half-silvered mirror
that reflected the beam into the observer's eye. The eye was positioned at
the focal plane of the Badal lens. A head and chin rest was used to
stabilize eye position. The drum, front-surface mirror, shutter, and laser

were mounted on a carriage, which was moved along a unislide toward or away
from the Badal lens. A linear potentiometer was attached to the carriage,
and a timing belt was attached to the unislide frame so that movement of
the carriage turned the potentiometer. A digital voltmeter displayed the
voltage output of the potentiometer, The voltage was calibrated to be
directly proportional to the carriage position.

PROCEDURE

When the shutter was opened, the beam of the laser was reflected off
the turface of the drum to the half-silvered mirror through which the
observer was looking. The interfere-:e pattern produced by the scatter of
the coherent light from the drum surface was apparent to the observ-r as a
granular or speckle pattern. With the movement of the drum surface, one of
three percepts is typically reported: (a) with the retit:a of the observer

conjugate to a plane in front of the plane of scatter drum rotation
produces a speckle pattern that appears to move in the dicection opposite

drum rotation; (b) with the retina of the observer conjugate to a plane
behind the plane of scatter, drum rotation produces a speckle pattern that

appears to move in the same direction as drum rotation; (c) with the retina
conjugate to the plane of scatter, the motion is nondirectional and ap-
pears as a bubbling or scintillating stationary image (2).

The experimantal approach was to position the drum-laser assembly at
various locations along the unislide; open the shutter for 400 ms; and from
the subject's responses, identify the plane that produced a stable, bub-
bling percept, that is, the plane of stationarity. From this, we calcu-
lated the refractive power of the eye in the dark (2). The stimulus
duration was set at 400 ms because the accommodative apparatus takes about
this long to initiate a response to a stimulus. The speckle-pattern stim-
ulus, therefore, was presented and terminated before a change in accommoda-
tion could be effected (1,31).

The room was illuminated throughout the period of instructions, align-

ment of the subject, and familiarization with the equipment. The subject
was positioned with his head stabilized. The apparatus was adjusted so
that the speckle pattern was moving, and the following in-tructions were
given: "Do you see a round, red, colored target? If it is not round,
raise or lower your stool slightly or move the chin rest until the target
is round. Notice the surface of the target. Do you see small pebble-like
objects on the surface? Do they appear to be moving? What direction? Now
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watch the pebbles. (At this time the empezimenter reversed the direction
of rotation of the drum). What happened to the pebble surface of the
target? (The correct answer was that it reversed the direction of flow.
Then the experimenter stopped the drum rotation). Now what are the pebbles
doing? Are they moving? (The correct answer was that there was no mo-
tion). During the test, which will be done in total darkness, you will
remain in the headrest. I will instruct you to standby. The target will
appear for 400 ms, after which you will answer 'up, down, or no' depfinding

,;on pebble movement. No movement denotes a threshold, and that is what we
are testing for. At times it may be difficult to determine the movement of
the pebbles. This should be considered a 'no' answer. The lights will be
turned off for 2 min for you to dark adapt."

At the end of 2 min, the subject was asked to get back in position in
the headrest. The shutter was opened for 400 ms, and the subject was asked
if a full round target was visible. The subject was also instructed to
indicate anytime during the test if the target did not appear round.

The drum-laser-mirror assembly was moved to one end of its travel, the
direction of drum rotation was set, the subject was alerted, and the 3tim-
ulus was presented. The subject's verbal report of the apparent motion was
recorded. The drum assembly was then moved about 20 cm toward the middle
range, and the next stimulus was presented. This process was repeated
until the subject reported that the apparent direction of the speckle
pattern reversed. The sequence of stimulus presentaticns necessary to
produce a reversal of apparent motion constituted one run; thus, each run
contained responses on either side of the plane of stationarity and re-
quired at least three target exposures.

Six runs were recorded for each subject. For runs 2 to 6, the dis-
tance that produced a response of "no motion" was converted to diopters and
analyzed. The first run was considered practice, and it wns not included
in the analysis.

SUBJECTS

We tested 172 U. S. Navy fighter pilots attached to Fight-er Wing One,
who participated in ACM training at NAS Oceana, Virginia Beach, VA, between
June 1983 and October 1985. All the subjects were male, ranging in age from
2Z to 44 years, with a mean age of 30 years (SD - 4.1).

RESULTS

Data fromi a representative, single test session for a single aviator
are shown in Figure 3. The abscissa is the distance in meters between the
Badal lens and the drum. There is a linear relationship between this
distance and accommodation in diopters. For run i, the speckle pattern

appeared to flow upward with the drum at .1043 and .1457 m; it appeared to
be stationary with the drum at .1706 m; and it appeared to flow downward
with the Orum at .1808 m. For run 2, the direction of drum rotation was
reversed as indicated. The speckle pattern appeared to flow downward with
the drum at .1436 m,; it appeared stationary with the drum at .1567 m; and

it appeared to flow upward with the drum at .1908 m. The arrows indicate
the distances we used to calculate the accommodative state. The mean and
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standard deviation in diopters of the five runs (2 to 6) were calculated.
Data in Figure 3 are representative of those from 98 of the aviators, in
that an unambiguous reversal in the direction of apparent speckle-pattern
flow as a function of drum distance was apparent for at least five of the
runs.

Figure 4 contains data from another aviator in which one run, run 4,

was ambiguous in that the "Down" response occurred between the "No" and the
"Up" responses. For this aviator, the mean diopter value was calculated

from runs 2, 3, 5, and 6. There were 39 aviators whose data was ambiguous
in one or two runs; the mean diopter value was based on three or four runs.

In Figurea 5 are data that demonstrate clearly that the myopia of one
aviator in the dark exceeded the range of the optometer. This conclusion
is evident from the consistent relationship between the direction of drum
rotation and the apparent direction of speckle flow. With the exception of
run 2, the speckle pattern always appeared to flow in the direction of the
drum rotation, regardless of drum distance. This aviator, therefore,
evidenced more than 3.0 D of myopia, the limit of measurement of the
optometer. This occurred in a total of six aviators, and their data were
excluded from the group statistics because a meat, value could not be deter-
m ined.

The records of 15 other aviators indicated that they could not see the
moving speckle pattern when it was flashed for 400 ms; with a longer flash
duration, about a second or so, however, these subjects reported that the
speckle pattern was visible. Data from these subjects were excluded from
the group statistics, is were the data of another 14 aviators for which the
records either indicated equipment failure or were incomplete. The above
categorization of the 172 aviators Is summarized in Table 1.

TABLE I. Summary Optometer Measurements of 172 Aviators.

Category Frequency Mean (D) SDI(D)

Reliable responses on 5 runs 98 .25 .84

Reliable responses on 3 or 4 runs 39 .82 .86

Myopia exceeds operational range 6 -

of the optometer

Unsystematic or unreliable responses 15
on the majority of runs

Equipment failure or incomplete data 14



In Figure 6 are histograms of the average accommodative state in the
dark of the 137 (98 + 39) aviatcrs from whom responses were obtained in 3,
4, or 5 runs. These histograms were transformed into the percentage cumu-
lative frequency distributions shown in Figure 7. The 98 aviators who
responded on five runs had a mean of about 0.25 D myopia and a standard
deviation of 0.84 D. The 39 aviators responding in three or four runs had a
mean of about 0.82 D of myopia with a standard deviation of 0.86 D. The
difference between these two groups of aviators is significant (t - 3.51,
y < 0.0008). In other words, the aviators for whom one or two of the runs
were ambiguous were significantly more myopic in the dark than the aviators
who responded unambiguously on the five runs.

In Figure 7 are also shown the percentage cumulative frequency distri-
bution for the sample of 220 students reported by Leibowitz and Owens (16)
shown earlier in Figure 1. Those students had a mean in the dark cf 1.5 D
of myopia and a standa.rd deviation of 0.77 D, %hich is significantly more
myopic than our sample of 39 aviators having a mean of 0.82 D of myopia (t
4.89, Z < 0.001). In Figure 8, we compared data from our combined sample
of 137 aviators to that ot the 220 college students. The aviators had a
mean of 0.41 D and a standard deviation of 0.88 D, which is signifitantly
different from the college students (t - 12.25, 2 < .00l)ý

TABLE 2. Pearson Coefficients of Correlation Between the Accommodative
State in the Dark and Operational Performance Scores of Night Carrier
Landings (NCLS) and Slant Range.

Aviators (n) Accommodation NCLS Slant range

98 Mean r - .056 .059
- 0.62) (0.59)

SD -. 196 0.27
(0.08) (0.80)

Range -. 145 0.35
(0.197) (0.75)

39 Mean .105 -. 141
(0.63) (0.42)

Range .115 -. 295
(0.59) (.09)

137 Mean .021 -. 073
(0.83) (0.43)

Range -. 090 -. 069
(0.35) (0.45)

6
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The Pearson coefficients of curr.Iation between accommodation in the
dark and the operational performance scores are shown in Table 2. These
correlations were calculated separately for the sample of 98 aviators with
five trials, for the sample of 39 aviators with 3 or 4 trials, and for
these two samples combined. The operational performance scores were corre-
lated with the mean and range for the three aviator samples. In addition,
for the sample of 98 aviators from which five trials were available, the
standard deviation of the measurements of accommodation was correlated with
the operational performance scores. None of the correlatior.s was statListi-
cally significant. The correlations between mean accommodation and NCLS or
slant range have significant probabilities of between 0.43 to 0.83.

DISCUSSION

Consistent and reliable data were obtained on all 5 runs from 98 of
the 172 aviators and on 3 or 4 runs from another 39 aviators. In six
aviators, the amount of myopia in the dark was at or exceeded the range of
the optometer and was therefore at least 3.0 D. The pattern of
response for 15 aviators indicated that these aviators were not able to see
or respond in a consistent fashion to the stimulus. Equipment failure or
incomplete records prevented an adequate determination of the accommodative
state in 14 aviators.

AVIATORS AND NON-AVIATORS

One of our objectives was to determine whether or not accommodation in
the dark differs between Navy fighter pilots and non-aviators. We found
the student and the aviator data we- significantly and dramatically dif-
ferent. For example, more than 30% of the aviators evidenced no myopia in
the dark and were even hyperopic; a characteristic of less than 5% of the
students. Also, 50% of aviators had as little as 0.3 D of myopia in the
dark, whereas less than 6% of the students had such a small amount of
myopia. About 50% of the students had 1.4 D or more of myopia in the dark;
less than 10% of the aviators had this much myopia.

The mean of 0.41 D of myopia in the dark of the 137 aviators is
probably an underestimation, since the optometer used to collect the data
from the aviators could not measure myopia greater than about 3.0 D. The
response pattern of six aviators indicated a dark myopia greater than this;
but despite this underestimation, it is unlikely that the mean values of
the student and aviator samples are comparable. If as much as 8 D of
myopia is attributed to these six aviators, then the average amcunt of
myopia of the whole aviator samDle would be increased to 0.73 D, which is
still 1.0 SD less than the coliege student average. Myopia of this magni-
tude in these six aviators is extremely unlikely.

Despite the fact that the average of 0.41 D is likely to be a slight

underestimation, the naval aviator has remarkably little myopia in the
dark. The origins of the differences between the student and aviator
samples remain to be determined. The question is: Do individuals with
less myopia in the dark become fighter pilots, or do individuals during the
course of fighter pilot training become less myopic in the dark?

7
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The students qnd the naval aviators wi.re measured with optometers of
the same design and with the same general experimental app'oach. That is,
each subject was presented with a laser speckle pattern flashed for about
400 ms. Despite the superficial similiarity in apparatus and experimental
approach, the studies differed ou many levels. Different experimenters,
apparatus, environment, motivation levels, et cetera, were involved, and
accomw'odation is knowu to be affected by a large number of such factors
(17,19,26). In view of this, any comparison between the students and
aviators should be considered suggestive rather than definitive. Ideally,
fighter pilots, other aviators, and non-aviators should all be tested on
the same apparatus in the same environment by the same experimenter to make
any definitive comparisons.

Consistent and reliable data were obtained on all 5 runs from 98
aviators and on 3 or 4 runs from 39 aviators. The sample of 98 aviators
was sigI-ficantly less myopic than the sample of 39 aviators (t - 3.51, £ <
0.0008). This difference shows that individuals who can respond unam-
biguously in all five trials are, on the average, 0.57 D less myopic then
individuals whose responses are ambiguous on one or two runs. This differ-
ence in response ambiguity was not apparent in response variability; the
average range of responses for individuals from either group was essen-
tially the same (0.62 and 0.64 D). Furthermore, the standard deviation of
both groups was essentially the same (0.82 and 0.84 D). Thus, the caie

_ for the ambiguous response on the one or two runs did not increase response
variability on the other trials. Presently, we cannot see how the greater

w myopia of the one group could account for the greater number of ambiguous

OPERATIONAL PERFORMANCE AND ACCOMMODATION IN THE DARK

A major aim of the present research was to relate measurements of
visual processes to aviation performance in the field. We hypothesized
t1at night carrier landing and air-to-air target detection would be related

to the accommodation state measured in the dark in the laboratory. Night
carrier lar.dings require complex precise visual discriminations in a dark
field--a situation conducive to night myopia. Air-to-air target detection
tequires visual de•ectiou in a field often void of contrasting stimuli of
high spatial frequency--a situation conducive to empty field myopia.

Empty field and night myopia are highly correlated (14). To evaluate
these hypothesized relationships between field performance and laboratory
measurements, the most recent NCLS were nbtained for the aviators. In
addition, the performance of these aviators on the TACTS range was moni-
tored, and the average distance of the adversary aircraft at first sighting
was recorded ;or each aviator. This distance, slant range, is a measure of
air-to-air target detection performance.

Pearson coefficients of correlation between accommodation and opera-
tional performance measures are summarized in Table 2. None of these
correlations was signixicant; thus, the hypothesized relationship between
aviation performance ard accommodation in th- dark was not demonstrated.
This relationship would have been substantiated if performance decreased
with increased myopia in the dark.

8



About half the aviators had an insignificant amount of myopia in the
dark; many of the aviators were hyperopic. The absence of a correlation
may be due to the fact that a large percentage of the aviators did accommo-
date adequately in the dark.

The relationships between operational performance and the measures of

the variability of accommodation, the range and standard deviation, merit a
closer look. The correlation between standard deviation and slant range
was not statistically significant (r - 0.27, 2 - 0.80); the correlation
between the standard deviation and NCLS was suggestive (r - -0.196, £ -
0.08). The relationship is inverse; aviators with greater standard devia-
tions have poorer night carrier landing scores. This relationship may
indicate that the variability of accommodation around iioa mean is more
significant for an individual's night carrier landing performance than the
mean itself. This correlation was based upon the sample of 98 rather than
the 137 aviators because accommodatic a for 39 of the 137 aviators was based
on fewer trials. The ranges of accommodation scores were calculated for VA
the 137 aviators to assess the relationship between accommodative vari-
ability and NCLS with a large number of aviators. The correlation bttween
range and NCLS was low and not suggestive of a relationship, as was the
standard deviation.

To explore further the possible relationship between operational per-
formance and accommodation in the dark, the total of 172 aviators was
divided into 2 groups ou the basis of their optometer measurements. In one
group were the aviators whose accommodation was measured in the dark and
shown to be less than two standard deviations from the group mean; that ia,all the aviators who had less than 2.17 D of myopia in the dark. In the

other group were the aviators whose myopia exceeded the mean by 2.0 SD.
This group consisted of the six aviators whose myopia in the dark exceeded
the range of the optometer as well as the three aviators whose myopia was
measiured to be grea-er than 2.17 D. In addition, this group also included
the 15 aviators whose data were inconsistent and ambiguous on the majority

of the trials. Thus, there were 134 aviators in 1 group and 24 in the
other. The NCLS of these two groups, as well as their slant ranges, were
compared using t tests. No differences were found between these two groups
for either measure of operational performance. A relationship between
accommodation measured in the dark and either night carrier landing per-
forman(.e or slant range was not supported by these data.

IMPLICATIONS AND SIGNIFICANCE

The absence of a correlation between accommodation in the dark and the
operational performance scores may at first be puzzling, but two aspects
bear consideration. First, these are all excellent aviators, and the range
of operational performance may not be sufficiently large to reflect the
influence of accommodative state. The aviators who tend to be most myopic
in the dark may even have compensating excellence in some other dimension,
(e.g., situational awareness, spatial localization, eye-hand coordination,
or experience). That is, those who perform most poorly on one laboratory
test may also be the ones likely to excel on some other laboratory test.
Any aviation task is a complex sensory-motor task to which skills and apti-
tudes in a large number of sensory domains contribute.
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The second aspect to consider is that the aviator aad the college
student apparently differ statistically and dramatically in accommodative
status. If further research substantiates this, then, paradoxically, a
correlatioLLal analysis of accommodation in the laboratory and operational
perforvance may never reach levels of significance. Individuals whose
- ccommodation in the dark is below a certain level may never become
adequate aviators and may never become part of the tested aviator sample.
Thus, although accommodative state in the dark may be an essential factor,
a correlational analysis would fail to demonstrate it. If the sample of
aviators and the sample of college students truly do differ in accommoda-
tive state in the dark, as our data strongly indicate, it may well be
because this visual characteristic is very important for success in mili-
tary aviation. The identification of the sources of the difference between
these two samples now seems to be of great practical importance. If the
difference is a factor for personnel selection, it should be incorporated
in the physical qualifying exam. If the difference is due to training,
then special consideration should be given to training accommodation. If
the difference is due only to procedural or methodological factors, this

* should also be established.

Some evidence exists that the state of accommodation in the dark may
be a useful indicator of the tendency of a individual to develop myopia,
particularly in relationship to the demands of near vision work. For
example, individuals with a far accommodative state in the dark may be
affected more adversely by extended near work than individuals with a
nearer accommodative state in the dark (3,4,25). Ocular posture in the
dark or at rest may then possibly provide information about the progression
of refractive errors and also provide a basis for prescribing preventive
action. For example, individuals with a far accommodative state in the
dark may benefit from glasses prescribed fo'c near wock that would optically

* bring closer the accommodative state in the dark. In this vein, the impact
of the state of vergence in the, dark should also be considered (24).
Accommodation and vergence measured in the dark may be important for naval
aviation as a way to predict and ameliorate the progression of refractive
errors, as well as provide a basis for personnel selection.

COMCLUSIOIS

The accommodative state in the dark of the sample of naval aviators
was significantly and dramatically different from that reported for non-
aviators. For example, 50% of the naval aviators had as little myopia in
the dark as about 6% of a reported sample of 220 college students; con-
versely, less than 10% of the aviators had as much myopia as 50% of the
college students. The operational performance of the naval aviators as
measured by slant range and NCLS scores did not correlate significantly

@1i with their accommodative state in the dark in the laboratory.

The origin of the observed differences between the aviators and non-

aviators should be explored. It is possible that they could be attribut-
able to methodological and procedural differences since the non-aviator
sample was obtained from published data collected in a different laboratory
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although with comparable procedures and apparatus. Aviators and non-
aviators should be tested with the same apparatus and in the same fashion
to eliminate any possibility that the differences observed between the
samples were due to methodologies.

The potential significance of these findings is very great. If the
differences are not methodological or procedural in origin, then they arise
from inadvertent job selection and/or training. In other words, the suc-
cessful Navy fighter pilots have little myopia in the dark; do the
characteristics of the job select such individuals or is accommodation
trained over the course of their professional experiencc? Steps should be
taken to optimize these factors for either selection or training.

Lastly, we recommend exploring the possibility that the accommodative
state in the dark may provide a useful indication of the rate of the
development of refractive error or the effects of extended near work upon
far vision.
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FIGURE LEGEIDS

Figure 1. Distribution of accommodation in the dark of 220 college
students. All measurements were taken with a laser optometer
with the observers wearing their normal optical correction.
(From Leibowitz and Owens, 1978).

Figure 2. Laser-Badal c ptometer.

Figure 3. Da'a of a sý.ngle observer from a single test session. The
abscissa is the distance in meter3 of the rotating drum from the
Badal lens, The direction of apparent flow of the speckle
"pattern it indicated on the ordinate for each run. The
direction of drum rotation for each run is identified to the
right of the data. The arrows indicate the distance used to
calculate accommodative state.

Figure 4. Data of a single observer from a single test session presented
in the same format as in Figure 3.

Figure 5. Data of a single observer from a single test session presented

in the same format as in Figure 3.

Figure 6. Histogram of accommodation in the dark measured in 137 aviators.

Figure 7. Cumulative frequency distributions of the frequency histograms
from Figures 1 and 6.

Figure 8. The solid line is the cumulative frequency distribution of the
137 aviators which combines the two histograms of aviators in
Figure 6. The broken line and open triangles is the same as
shown in Figure 7 depicting the college student data.
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