IO AR EEN TGN

D H LR IBRES 1 e 13

T LN, S G S e 0 e

IR D RTINS e | gt

¥

BB || NAwRL - ¢ ..
b1, ¥ FILE COPY

VISUAL ACUITY AMD REACTION TIHME IN MAVY FIGHTYR PILOTS

™

A. Morris and P, V., Hamilton

AD-A178 485

S S R

Approved for public velease; distribution unlimitad.

S? 4 2 owo

B A R R R A P T A P R s



R RS

I S AR BT R

T TR T Yo VR T D T RN T s T

htud

LUt el

Volunteer subjects were recruited, evaluated, and employed in
accordance with the procedures specified in Department of Defense Directive
3216.2 and Secretary of the Navy Instruction 3900,39 series. These
instructions are based upon voluntary informed consent and meet or exceed
the provisions of prevailing national and international guidelines.




INCLASSIFIED..
RITY CLASSIFICA

7T REPORT DOCUMENTATION PAGE

" REPORT SECURITY CLASSFICATION o . = o~ ] Vb RESTRICTIVE MARKINGS A ,
JNCLASSIFIED © " - o
23, SECURITY  CLASSIFICATION- AUTHORITY . =1 3. OSTRIBUTION / AVAILABLITY OF REPORT
S Approved for public release;
2b.. DECLASSIFICATION / DOWNGRADING SCHEDULE o ldistribution unlimited,
. -.f.-(: Lo - e
RFORMING QRQAN!ZATION-REPQRI. ‘NUMBER(S) . - | 5. MONITORING m\bﬂ REPORT uuuuw
'NAMRL~-1324 =
€. NAME OF PERFORMING ORGANIZATION — J6b. OFFICE SYMBOL ] 72, NAME OF MONITORING ORGANIZATION
Naval .Aerospace Medical (i applicable)
‘Research Laboratory 23
e, ADDRESS (City, State, and ZIP Code) To. ADORESS (City, Stade, and W Code)
Naval Air Station, Building 1953
Pensacola, ‘'FL 32508-5700
ﬂa NAME OF FUNDING /SPONSORING "] 8b. OFFICE SYMBOL 9. PROCUREMERT WNSTRUMENT IDENTVIFICATION NUMBER
]~ ORGANIZATION ' (O applicable)
#'{ NAVMEDRSCHDEVCOM
.} 8. ADDRESS (City, State, and' 2P Codk) 10. SOURCE OF FUNINNG NOMBERS
NavalNMedicai Iées;ear:hR& li)evelgp:;zntdmﬁad Wuo w‘“ : ‘“‘09‘ ' wocg.s‘s%wtﬂo ‘
NMC, _ationa apital Region, Bethesda, 63706N M0096.G1 1053
., TITLE (inckike Security Ciassification)
- (U) Visual Acuity and Reaction Tiwme in Navy Fighter Pilots
12. PERSONAL AUTHOR(S)
A. Morris, and P. V. Hamilton )
138, TYPE *° MEPORT 13b TIME COVERED 14. DATE OF REPORY (Vear, Month, Oxy) [1S. PAGE COUNT
‘ FROM 10 1986 December 27
16. SUPPLEMENTARY NOTATION ‘
17, COSATI CODES [ 18 SURIECT TERSAS (Continue on reverae i necetsary and identify by block number;
FIELD GROUP waiaouwr I Visual scuity, rewction time, pilots, contrast, glare,

] detection, age
X

19. ARSTRACY (Continue on raverse (f necesisrny and wdentily by iock nunder) H
his report summirizes data on selected visual measures for Navy fighter pilots. The vision
of 163 pilots was measured using an Automated Vision Test Battery housed in a Mobile Field
Laboratory. All pilots were involved in training at the Tactical Air Combat Training System
(TACTS) range, NAS Oceans, VA. Data on simple visual reaction time, spot detection ability,
static visualfcuity under several conditions ave reported, and the influences of age and
spectacles on vision are examined. The average high contrast acuity score was 0.40 minutes
of visual angle, or \20/8 Snellen; no pilot had worse than 20/15 @cuity, ; These findings, to-
gether with other data, suggest that Navy fighter pilots have better vision than non-aviators
of the same age, and possibly better vision than Student Naval Aviators. Coriclational a-
nalyses suggest that acuity threshold, simple visual reaction time, and thresholdsstressed
ceaction time, are independent measures of visual functioning. Spectacled pilots/ had poorer
vision than non-spectacled pilots, and older pilots tended to have poorer vision [than younger

pilots. < -
20 DISTRIUTION! AVALABILITY OF AWSTRACT 21 ABSTRACT SECURITY CLASSIFILATION
B uncLassiekoAunNuTED £ same As aP1 ] oTa. USERS UNCLASSIFTED
723 NAMWK OF RESPONSIILE WIDIVIDUAL : 225 TELEPHONE (include Area Code) | 22¢. QEFICE SYMBOL
J.O.NOUGNTONI CAPTAIN MC USN 904-452-1286
& -~ —
GO FORM 1873, 84 mar 81 APR ad:ition may be used unti! exhausted SECURITY CLASSIFICATION OF THiS PAGE

All other editions are obsolete
WUS Gowernment Printing Office: 10808507 047

G

B Saen O A Ol I G T P2V *,ﬁiz%?;ﬁga :
s LYW y 2 .' ﬁf?.“ ' o a X o 7 "" ¥ '." .n K r.,- £ g . R ) ¢
AR Y Rt PR AN b Jé@?&m&. e _"'_&;.Q{ SRy

RN T

K‘ R




4 . ‘The present report is one in a series presenting data collected from
U, 8. Navy fighter pilots ‘in training at the Air Combat Maneuvering Range,
NAS Oceana, VA. The principle cbjective of the project is to relate visual
and biographical parameters to air-to-air target detection and other meas-
ures. of flying performance. ‘the project has been supported by Naval Air
Systems Command and the Naval Medical Research and Development Command.
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SUMMARY PAGE

THE PROBLEM

Establishment of performance~based biomedical standards for each avia-
tion community requires acquisition of sufficient data on ohysiologital and
psychophysical characteristics, as well as flight performance, to allow
determination of how these characteristics influence flying wverformance.
Many piloting tasks depend heavily on vision, soc acturate vigion data for
each aviation community are needed to develop valid performance—haseﬂ '
visual standards,

THE FINDINGS

This report summarizes data on selected visual measures for Navy
fighter pilots. The vision of 163 pilots was measured using an Automated
Vision Test Battery housed in a Mobile Field Laboratory. All pilots were
involved in training at the Tactical Air Combat Training System (TACTS)
range, NAS Oceana, VA. Data on simple visual reaction time, spot detection
ability, and static visual acuity under several conditions are reported,
and the infiuences of age and spectacles on vision are examined. The
average high contrast acuity score was '0.46 minutes of visual argle, or
26/8 Snellen; no pilot had worse than 2¢/15 acuity. These findings, to-
gether with other data, suggest that Navy fighter pilots have better vision
than non-aviators of the same age, and possibly better vision than student
naval aviators., Correlational analyses suggest that acuity threshold,
simple visual reaction time, and threshold-stressed reaction time ave
independent measures of visual functioning, Specacled pilots had poorer
vision than non-spectacled pilots, and older pilots tended t- have poorer
vision than younger pilots.

“

RECOMMENDATIONS

1. To evaluate the uniqueness of the vision of this group of fighter
pilots, the visual acuity of a comparison group of applicants to the nraval
aviation training program should be measured quantitatively before
screening and/or disqualification on the basis of any aspect of the
physical exam,

2. Population samples dram from other aviation communities should be
tested to determine if there are sionificant differences in visual
performance related to critical task requirements.

3. To increase our knowledge of age-related changes in fuigiter
pilots' vision, follow-up retesting of the original group of subjects
should be performed where possitle.

4, If flying with prescribed glasses is to be vermitted, it is
essential to determine whether the standard clinical procedure of under
correction of myopia is a factor affecting tha visual resolution of pilots
wearing glasses where optimal acuity is required.
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~ INTRODUCTION

The development and implementation of performance-based biomedical
standards for selection and reterition of military aircrew members is a
current Navy requirement. Establishment of such standards requires acquisi-
tion of extensive data on shysiological, psychophysical, and flight per-
forinznce wsagsures, as well 2s determination of which physiological and/or
peychophysical measures, individually or in concert, can be used as signif-
icant predictors of flying performance.

Critical visual requirements vary somewhat among different flying
tasks and aviation communities (Goodson, 1974). A long-term research and
development program at the Naval Aerospace Medical Research Laboratory
(NAMRL) has been directed toward develocpment of a battery of vision tests
and measures, which allows sensitive assessment of many aspects of vision
(Morris and Goodson, 1983a; Molina, 1983, 1984). Appropriate tests select-
ed from fhe overall Vision Test Battery may provide a series of tests
tailored to a specific flying task or aviation community. The overall
Vision Test Battery was duplicated in a Mobile Field Laboratory (MFL) fox
the collection of data for operational validation at remote locations.

Navy fighter pilots are faced with the most demanding tasks of any
military pilots. In addition to efficiently operating a complex aircraft
capable of supersonic soeeds, Navy fighter pilots must operate sophisti-
cated avionics and weapons systems; they must perform complex and physio-
logically-stressful air combat maneuvers (ACM); and they must land safely
on movint aircraft carriers at night. A number of critical visual tasks
are assco~iated with this job. Accurate measurement of the visual charac-
teristics of Navy fighter pilots will provxde a data base for the develop—
ment of visual standards for this community.

To develop performance-based visual standards for Navy fighter pilots,
the overall Vision Test Battery was systematically evaluated, and a series
of tests appropriate to that aviation community was selected (Monaco et
al., 1985)., The MFL was used to administer the selected serins of tests to
tactical fighter pilots attached to Fighter Wing ONE, NAS Oceana, Vigginia.
Varicus measures of performance in ACM traininyg were obtained concurrently

" for each pilot, as were data on night carrier larding performance, personal
history, and flying experience. Preliminary analyses of relationships
between visual cevabilities and flying performance have been reported
(Monaco and Hamilton, 1984, 1985; Morris at al., 1985).

This present report provides a descriptive summary of selected visual
capabilities of successful Navy fighter pilots. Statistics on visual
reaction time, spot detection ability, and static visual acuity of success-
ful Navy fighter pilots are included. Other measures recorded for the same
pilot population include: dynamic visual acuity, contrast sensitivity,
dark focus state, lateral movement detection, accommodative flexibility,
and effects of helmet visor usaae on acuity.
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SUBJECTS

One hundred and sixty-three Navy pilots were studied. All were at~
tached to Fighter Wing ONE, NAS Oceana, Virginia. Eighteen of the pilots
flew ¥-4, F-5, or A-4 aijrcraft and served as the adversary squadron on the
Tactical Aix Combat Training System (TACTS) range., The remainino 145
pilots flew F-14 aircraft ard were drawn from 13 operational squadrons.
All >f the subjects were male, and all but one were Caucasian. Their ages
* ranged from 24 to 44 years, with a mean age of 30.” years (SD = 4,1). The
age distribution is shiwn in Figure 1. Twenty of the 163 pilots were
wearing prescription si‘actacles when flying during the day, and these 29
pilots were tested wearing their spectacles.

VISIOl TESTS AND EXPERIMENTAL PROCEDURES

Vision tests were administered in a Mobile Field Laboratory consisting
of two trailers located at NAS Oceana. One trailer housed the Automater
Vision Test Battery (AVIB) and contrast sensitivity test device, and the
other housed the dynamic visual acuity and dark focus test devices. The
optical projectors and other test equipment were controlled by microproces-
sors. Details of the vision test hardware are presented elsewhere (Morris
and Goodson, 1983a; Molina, 1983, 1984).

The complete Vision Test Battery program required over 3 hours tor
each subject. Selected tests included in this report had the following
features in common:

1. Tests involved binocular vision with the subject's eye position
fixed through use of a chin/brov rest.

2. The background screen luminance was 343 cd/m2 (100 ft-L).

3. All tests involved a flat screen at a far distance (5.5 m) amd a
fixation pattern to locate the centrally presented targets.

4. The test target for all acuity tests was the Landolt-C, with a gao
width one-fifth of the letter height. 1he gap was presented in one of four
orientations: up, right, down, or left.

5. Every test began with 10 practice trials.

6. Except for the visual reaction time test, 19 threshold estimates
were obtained using the staircase (up-down) psychophysical method, requir-
ing from 40 to B¢ test trials.

7. Forced=choice responses were registered with a joystick. The
subject's choice of gap orientation and his reaction time were recorded for
each trial.

8., Stimulus sizes were specified in minutes of visual angle (mva), and
target exposure time was 3 seconds.
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Additiotial details concerning these vision tests are described briefly
below. Further test details are avaulable in Morris and Goodson (1983b)
and Monaco et al. (1985),

Visual Reaction Time - This test required the subject to press the joystick
Immediately at the appearance of a sg:rathreshold spot target (2 mva Aiame-
ter). Target luminance was 686 cd/m“, thus giving a target-to-background
contrast ratio of +1.0. or 1¥0% The mean and standard deviation (sec) of
the reaction time were computed for 20 test trials. This test was
pecrformed only on the last 62 F-14 pilots,

Spig' t Detection Ability - This test required the subject to indicate detec-
tion of a spot target which contrasted 100% with the backgrourd, and which
was varied in size (and hence angular subtense) between trials to control
its visibility. The mean and standard deviation (mva) of the 18 threshold
estimates were computed, along with the mean veactior time (sec) for the 10
correct-response trials associated with the 10 threshold estimates. This
is zeferred to as the “threshold-stressed reaction cime.

Static Acuity, High Contrast - This test required the subject to indicate
E the gap orientation of a Landolt-C, which was varied in size between

ﬁ trials, and which contrasted 12d% with the background. The mean and stan-
, dard deviation (mva) of the 10 threshold estimates wece computed, along
with the mean threshold-stressed reactiorn time,

Static Acuity, Low Contrast - This test required the subjec: to indicate
the gap orientatiocn of a Landolt-C, which was varied _in size between
trials. The luminance of the Landolt-C was 377 cd/m“, thus giving a
target-to-backgrourd contrast ratio of +0@.1, or 10%. The mean and standard
deviation (mva) of the 10 threshold estimates were computed, along with the
mean threshold-stressed reaction time.

1

Static Acuity, Low Contrast With Glare - This test required the subject to "

indicate tne gap orientation of a Landolt~C, which was varied in size
between trials, and which contrasted 18% with the tackground. A glare
source was positioned between the target screen and the subject, just below
his line of sight, and directed toward him (i.e., away from the target

es This veiling glare scurce produced z luminance of about 28¢0@
cd/m“ at the subject's eye position. The target arnd background luminances
and the contrast ratio were not changed. The mean and standard deviation
(mva) of the 10 threshold estimates were computed, along with the mean
threshold-stressed reaction time. This was the last test administered to
each subject, so the glare recovery process did not influence results from
other tests.,

Al) data were stored at a mainframe computer facility and manipulated
and analyzed using the Statistical Analysis System (SAS). The significance
level applied in all statistical tests was @.05.

RESULTS

The visual reaction time test required subjects to respond by pressing
the joystick at the appearance of a supra-threshold spot stimulus, T
time required for central processing and interpretation of visual informa-
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* ‘tion should have been at a minimum in this test, as only one signal and one

cholce were involved. Thus, a pilot's simple reaction time value should
approximate the minimum time he required to detect the stimulus energy and
to accomplish the apprcpriate motor pattern. The distribution of simple
reaction times for 62 pilots is shown in Figure 2. Simple reaction times
ranged from 143 to 461 msec, with a mean of 223 wmsec (SD = 0.855).

In order to assess individual differences in speed of response for the
various visual threshold tests, an adjusted variable was derived. The
simple reaction time value for each pilot was subtracted from his thresh-
old-stressed reaction times for vision tests involving greater demands of
the central and peripheral nervous system. These calculated variables are
termed ‘adjusted threshold-stressed reaction times.'

Table 1 shows the visual thresholds, threshold-stressed reaction
times, and adjusted threshold-stressed reaction times for spot detection
ability and visual acuity under different viewing conditions, for the Navy
fighter pilots studied. The threshold for the spot detection test was
based on the spot diameter, while the thresholds for the acuity tescs were
based on the size of the gap in the Landolt-C. The threshold mean for the
spot detection was significantly different from the threshold mean for the
acuity at high contrast (Student's t = 6.95, p < .GWel). Acuity thresholds
and reaction times progressively increased with reduced contrast and with
the presence of glare. The mean acuity at 106% contrast (0.4¢ mva, 20/8
Snellen) approximately doubled (3.806 mva, 23/16 Snellen) when contrast was
reduced to 10%, and increased approximately one-third again (1.942 wmva,
20/2@ Snellen) when glare illumination was added. Frequency distributions
for acuity threshold means and the two reaction time measures are shown in
Figure 3 for the different viewing conditions. The curves in Figure 3 were
obtained by rounding off acuity (to 0.05 of log-1¢ mva) ard reaction time
(to 0.15 sec) values, by computing the frequency of occurrence for each
rounded value. by computing 4th-order polynomials to fit the points de-

- scribed by the frequencies and the rounded values, and by plotting the
central peaks of these polynomial functions. WNone of the 163 pilcts had a
high contrast acuity score worse than €.718 mva, which is approximately
equivalent to 2¢/15 Snellen acuity.

Pilot acuity was tested under high contrast, low contrast, and low
contrast with glare ~onditions. Decrements in acuity threshold due to
reduced contrast (threshold at high contrast minus threshold at low con-
trast) and decrements in acuity threshold due to glare (threshold at low
contrast minus threshold at low contrast with glare) were computed. Dis-
tributions for these acuity decrement variables are shown in Figure 4. The
mean decrement in acuity due Lo reduced contrast was -0.41 mva (range:
-@.11 to -1..31), while the mean decrement in acuity due tc the presence of
glare was -0.24 mva (range: +8.33 to ~1l.48). In both cases, the mean
acuity decrement values were significantly different from @ (Student's
t > 13.4, p < 0.001). Wwhile none of the 163 pilots exhibited impruved
acuity with reduced contrast, 15 pilots (2%) exhibited improved acuity when
glare illumination was added. These 15 pilots did not appear distinguished
in any other vision measure, althouwgh they averaged 2 years younger than
the other pilots.
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o ' A correlation matrix of the threshold values from the various vision
S tests (Table 2) indicaces that the thresholds of the four vision tests
have significant positive correlations among themselv2s. A correlation
matrix of reaction time values (Table 3) indicates that simple visual
reaction time is not significantly correlated with any of the other reac-
tion times, but that the threshold-stressed reaction times of the four
vision tests have significant positive correlations among themselves.

The various correlations betiieen pilot age and visual capability are
summarized in Table 4. These correlations indicate that, as age in~
creased, simple visual reaction time was siynificantly slower; spot detec-
tion abiiity, high contrast acuity, and low contrast acuity with glare were
significantly noorer; and high contrast acuity thresholds were signif-
icantly less consistent. In contrast, reaction times at threshold levels
for spot deteciion and high contrast acuity tests were significantly faster
as age increased, In oddition to these statistically significant correla-

tions, non-significant (p > €.05) positive correlation existed between
w age a reshold for the other vision test (low contrast acuity without
glare) .

Twenty of the 163 pilots wore authorized prescription spectacles when
flying during the day. When compared to spectacled pilots, non-gpectacled
pilcts had significant)y better spot detection ability and significantly
greater thieshold consistency for low contrast acuity without glare (Table
5). In addition to these statistically significant differences, non=
spectacled pilots had better acuity under high contrast and low contrast
(with and without glare) conditions, than spectacled pilots; however, the
differences were not statistically significent. Spectacled pilots were
significantly older than non-spectacled pilots (mean ages = 32.5 and 29,9
years, respectively; Student's t = 2,66, p = 0.0086).

DISCUSSION

The acuity and reaction time data presented here are for a distinct
and highly selected population, Navy fighter pilots. Some of the vision
test variables reported in this study are new, and data based on a general
subject population are unavailable for comparison. This is not true,
however, for simple visual reaction time, some of the acuity measures, and
for the spot detection measure.

The mean threshold values for high contrast acuity presented here for
Navy fighter pilots are significantly lower (better) than corresponding
values reported for the general population, Furthermore, analysis of other
vision data on these same pilots inudicates that their accommodative status
in the dark (dark focus) is significantly less myopic than a population of
college students (Temme et al., in review).

Identification of factors responsible for these differences must be
done cautinusly, as several explanations could apply. The first determina-
tion to be made is whether or not the differences are real, or whether they
are due to differences in equipwment or procedure. If the diffare..ces are
found to be real, then the second determination to pe made is whether or
not thie visual capabilities of successful fighter pilots are significantly
better than those of Student Naval Aviators (SNAs) (i.e., whether or not
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*‘fighter pilots are- visually a non«random sample of all individuals who
apply k) enter ‘Navy flight trammg). If fighter pxlots are found to
. possess. 51gmflcant1y better vision than the average SNA, then the third
determination to be made is whether their better v1sion is the result of
“selection - (eg., only those SNAs with unusually good vision may end up

being assigned to the.fighter pipeline) or experience (eqg., flying
cockpit-type aircraft may lead to improved vision).

Examination of available data on acuity at high contrast suggests that
Navy fighter pilots may indeed have better acuity than the general popula~
tion. If one assumes that a frequency Jistribution for the scores (log
scale) from high contrast acuity tests of the general population is nor-
mally distributed with a mean of about 20/2C Snellen or 1 mva.(Figure 53),
then a frequency distribution for simila» values after 2pplying a selection
criterion that excluded those with worse than 28/°¢ acuity should look like
the left half of a normal distribution (Figure 5B). The Naval Aercspace
Medical Institute (NAMI) applies this 20/20 criterion during entry physical
examinations, so if the vision of Navy fighter pilots is not significantly
different than that of SNAs who pass NAMI's examination, the freguency
distribution of the high contrast acuity scores for thea fighter pilots
should appear abruptly truncated at 1 mva, like Figure 5B.

Instead, the actual frequency distribution for fighter pilots appears
bell-shaped, or normal (see left curve in Figure 3A)., The Kolmogorov-
Smirnov goodness—of—fit test finds the fiequency distribution of hich
contrast acuity thresholds (log scale) for the fighter pilots not signif-
icantly different from normal (O = 0,699, n = 163). One might speculate
that the poorer acuity of older pilots or of spectasled pilots might be
responsible for shifting an otherwise abruptly truncated frequency distri-
bution (skewed toward low threshold values) into a seemingly normal distri-
bution. However, the frequency distributions of high contrast acuity
scores are not signif 1cant1y different from normal for younger-than-average
pilots (D = 0,.11¢, n = 105) or for non-spectacled pilots (D = ¢.095, n =
143), according to Kolmogorov—Smlrnov goodness-of-fii- tests. These com-
parisons suggest that the high contrast acuity scores of these fighter
pilots are not a random sample of the scores of all SNAs who pass NAMI's
physical examination (Figure 5C).

A frequency distribution of binocular acuity data obtained using a
wall chart for 250 World War II combal and patrol pilots (Imus, 1947) also
does not appear abruptly truncated at 2¢/2¢ Suellen, Ix:t rather tails off
toward 20/2¢ from a mean of about 26/13 Snellen. About 94% of these pilots
had 20/15 or hetter acuity. Also, frequency distributions of acuity data
obtained with the Armed Forces Vision Tester (AFVT) for 377 military air-
crewmen (Erickson and Burge, 1968, 1Y69) are abruptly truncated at 2¢/12
(the best acuity that the AFVT can measure), and tail off toward 20,/24.
Over 90% of these subjects had 2¢/15 or better acuity.

This analysis suggests an approach for further research. The same
equipment and procedures should be used in a controlled study designed to
compare the visaal capabilitles of Navy fighter pilots, SNAs, and a non-
military population. Such a study would determine whether or not the
visual differences discussed above are real. Also, if real differences
exist, such a study would answer the question of whether differences al-
ready exist upon entering flight training, or whether some post-entry
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process of : sea.ectwn oL experience is’ involVed. An alternate approach -
“would. be .to assume that the differences in vision are real, and that
7 successful fighter pilots are visually distinguished upon entering the
T Navy. - 'meoretically, the validity of this assumption could be tested by

- . retrospective analysis of the medical records of successful fighter pilots
i 7 and their classmates, during the early stages of flight training. In
* - reality, however, the traditional clinical records of acuity are insuffi-
S, c:ently detailed to do this,’

- The results of the proposed research could have a major impact on the
, operation ‘of . the Navy's eilot training program. If successful fighter
pilots have better vision than average SNAs, then even greater attention to
‘vision measures would seem appropriate when making recruitment guarantees
--and pipeline assignments. Also, if successful fighter pilots have better

vision than average SNAs, then the details of how they (as a group) end up
Ce . with distinguished vision need to be understood. If a selection process is
L involved, it may be possible to accomplish this more quxckly and economi-
cally ihan through the current trammg program. If experience is in-
'volved, it may be possible to enhance its effect on vision.

: Few or the remaining vision variables can be compared to large-sample
published data. Blackwell's /7.946) psychophysical data show that, at 109
ft~L background luminance, the threshold size of a spot target having the
same contrast as we employed (100% brighter than background) is about ¢.45
mva (extrapolated from chart). The threshold mean for the spot detection
ability of the Navy fighter pilots is ¢.46 mva. The mean simple visual
reaction time reported here for NMavy fighter pilots (223 msec) is in the
range rcported in other studies involving visual stimuli (Brebner and
Welford, 198¢). No direct comparisons are possible between our unadjusted
and adjusted threshold-stressed reaction time variables and large sample
nors,

The improved acuity demorstratad by 9% of the pilots taking the low
contrast acuity test under glare conditions (as compared to non-glare
conditions) .is unexplained. The high correlation coefficients in Table II
indicate that a pilot's rank position in the distribution of the group's
scores did not change significanily across acuity tests under high con-
trast, low contrast, and low contrast-with-glare conditioms. The absence
of a significant correlation between simple visual reaction time and any of
the threshold-stressed reaction times indicates that simple reaction time
and threshold-stressed reaction time are independent measures of visual
functioning (Table 3).

Although the pilots described here were relatively young (mean age =
30.2 years), and their age range was only 20 years, pilot age was still
found to be related to numerous vision measures (Tabie IV). Older pilots
had higher thresholds (poorer vision) than younger pilnts for all vision
tests, and the correlation between age and threshold was sign;ficant in
three tests (spot detection ability, high contrast acuity, low contrast
acuity with glare). 2 reduction in acuity with increased aye is well known
for the general population (e.g., Allen and Vos, 1967). The relationships
between reaction time variables and age are less clear. The simple reac-
tion time for the suprathreshold spot target got significantly longer with
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