"

LIRS

THE VISUAL STANDARDS FOR THE SELECTION
AND RETENTION OF ASTRONAUTS

BY

MERRILL J. ALLEN
DAVID P. AUSTEN

ARTHUR E. JONES
JOHN R. LEVENE

STANLEY NILLER

Prepared under Cootract No. NAS 9-9665 by

INDLANA UNIVERSITY
DIVISION OF OPTOMETRY AND
PROGRAM IN PHYSIOLOGICAL OPTICS
BLOOMINGTON, INDIANA

for Manned Spacecraft Center, Houston, Texas
Rationsl Aeronautics and Space Administration

June 1970
N70-36362
§ —campyium
"‘ Reproguced
§ WAZA C2 OR TAX OR AD (cATIo08Y)

B

~

2. g/ﬁgfg - o mp‘ﬁi

2\ vocal Parat (ITJL?QW

RRETNE <= N SR W S 7 S W ORI < Dl o st T e LT ik Bx b e e IR WAL T XL s

I

81V AuVHEIY HOgy

i

I

i
f
I




cp. 108587

The Visual Standards for the Selection and
Ratention of Aotromauts

Contract No. NAS 9-9665
June 1970

The purpose of this research 18 to determine che origin and adequocy
of the vieion stendards baing used for the selection and retention of

_astronauts and scientisct astronauts. A broad based literature gearch

was carried out to evsluate the adequacy of the Present vision tast
ACKNOWLEDGEMENT otandards which are sutmarized in Table I.

The scope of the 1literature search 1g indieated by the following
list of topica covered.

It 18 a pleasure to thank Mrs. Elizabeth Egan, Optometry Library, Indiana
lhivemlt;r; Colonel T.J. Tredici for permissfon to visit Brooks Air

Porce Base; the Library Staff, Brooks Alr Force Base, San Antonio, Toxas, . L. Armcophertc Effects
Dr. Barl Miller, U.S. Naval School of Aviation Medicine, Pemsacola, '+ Dibliographien of Related Visual Research
Florida, Dr. Willian Benaon, Naticmal Research Cowncil, National Academy Ul.  color vistom i
of Sciences; and Dr. Henry W. Hofstetter, Director of the Diviaion of . Contrast Thresholds
. Optomstry, Indtema Untversity. v. Dark Adaptation
vi. Depth Perception and Sterscpais
~ v VII. Displays end Vigual Simulation

°VIII. Bffects of Vibration
Ix. Flash Blindness, Glare and Radiation Effects
X. Flicker Punion Prequency

XI. Hardware, Including Ophthalmic Instruments
XaI. Illesions and Visual Porception

, 1. Aniseikooia

4.  Autokinesis

i11. Cyclotorcional Byo Movemants
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g iil" : ! XIX.  Visual Acuity-Static
]
§1f It: i i x = - IX.  Vieusl Flelds
5 . cig " XX1. Visual Standards
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l?l 8 ]; i ' i x ] The voluminous 1literature is indicated by the abstracts includad
é : in this report. The coverage of the literature is not exhsustive but
3 -
-c_-,'; !’ i i it doss include the main publications on vision standards for aviators.
’
E !3 S ! x P x From the literaturs it is apparent that msny of the vision tests and
I
g.l i “ procedures are insdequate or out dated and that cartain physiological
w . 2 E ‘3! : 'g i; aspects of vision that are of importance to aviators and astronauta
2 l" [ 3e% .
i ;l l ﬂgl i : E ! have besn neglactad or ovarlooked, The primary oversight of inmediate
! i * concem in this report relates to testing for near vision cspabilities.
B M Testing for distance vieion function has been the main concern in
HRC i el |5
P Ik x x L tha past. Yet in modern aviation and in space flight, near vision has
] 8 L]
' ¢ d '% E 2. risen to high importancs while distance vision has becows almost unneces-
19
s. : 3 !!: i; ;i i% sary. The vision tasts indicated ¢{n Tabls I could be passad sven by a
& i i 1 s
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the problem, the maturation of pilots and astronauts ultimately bringe
thes into the ags of presbyopia wherein accommodative and related near
point haterophoria problems becoms acute.

The nature of many of ths teste in Table 1 is such that precoaching
by fellow cadets or past expsrience and common sense can allow an other-
wise wmqualified perecn to pass the tasts. A noed exiete therefore to
saka the testing more objective, Alternatively, greatar control over
subjective techniques is needed to ansure relisble reporting of the
visioo status of the examines,

It 15 recarmended that for improvements in standards, further inves-
tigation and experimental work be carried out on the need for and methods
of teating that might be ugsed in the following areas.

a. Fusional szplitudes at distence snd near

b. Fixzation disparity at dietence and nesr, a test vhich might

be able to supplent the nesd for fusion teste

¢. Visual functions of dynamic aculty and etereopsis

d. Oculsr motility and muscle fields

e. HNear point of convergencs

£. Dynamic dation ponsi

g- Asplitude of

dation

ded for prolonged efficient

visual parformance,

While changes in vision testing are indicated, it is perhaps pre-
matare to recosmand them at this time. Ths areas most in need of revision
;md expansion siso psed more documsntstion and resesrch vhich is pro-
grammed for the next year. The following section covers the literature

dbstyacted.
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I. ATMOSPHRRIC RVFRCTS

19168 0.S. WAR DEPARTMENY AIR SERRVICRE MEDICAL

No Refs. U.S. War Dept., Air Service, Div. of Military Asronautice,
Washington, D.C., Goveromsnt Printing Office, 1918.

Pilote were classified into ons of thres altitudes at which they
vere supposedly safe based on tests to dotermine their ability to
sustain snoxia. These tests included the Dreyer spparstus, Flack
bag and redreathiog apparatus, pictures and dsscriptions are given
of each. Low oxygen has a marked effect on any defect of the ayes.

Algo see abstract under Depth Perception and Stereopsis.

1944 SCOBEE, R.G. THE CT_OF EXHAUSTION AND MODERATE ANOXIA
ON MUSCLE BALANCE

Mo Refs. Aray Afr Forces Sch. Avia. Msd., Randolpb Field, Texas.
Proj. So. 292, Rep. Ho. 1, July 1944,

The hstercphorias of 14 aviation cadets, all with apparently 18 of
hyperphoria, were measured before sod after severe physical fatigue
and moderately severe amoxia. HNo eignificant increase in vertical
heterophoria vas found. It also sppears that the hortzontal phorias
were insignificantly affected.

1952 CIBIS, P.A. RETINAL ADAPTATION IN NIGHT FLYING

Ko Refs. USAF Sch. Avia. Med., Rendolph Field, Texas.
Proj. Ho. 21-31-014, May 1952.

The temporary loss af the ability to see the horison on dark nights
reported by experienced pilots ig enhanced during oxygen daficiency.

Also ses abstract .mder Dark Adeptation.

1953 NcFARLAND, ROSS A, HUMAN FACTORS IN AIR TRANSPORTATION

Extensive Befe. McGrew-H1ll Book Co., Inc., New York, 1953.

Page 157:
atmosphere.

Table of physical charscteristics of the standard

Also see abstract under Illusicns and Visual Perception: Aniseikonia.




A e T

——

i

o e . N - j] AR ‘g \l;‘__":..‘r \'5'2. :5‘14..‘~\
-8 -
193y soopauz, I, BYFECT OF OXYGEH DRFL AND VARIOUS OTHER
Singel, A.C. F

IR COLOR SATURAY! THRESHOLDS

22 Bafs. USAF 8Sch. Avia. Mad., Rendolph FPicld, Texas.
Proj. Ho. 21-31-002, uru 1953.

— R T
\

Using & color saturation threshold meter, the affects of. hypoxis,
alcohol, and coffes were studied on the saturation thresholds of

red, grean, and blus. Bypoxies wp to an altitude of 16,000 feet had

s very emall effect on color saturation thresholds, d.onrlouung
recegniticn of gresn and blue to & barely significant extent. -Alcchol
corresponding to 60 ccs. af absoclute alcohol impaired recognition

af all three cnlou Coffes improved tha recognition of red and blue.

1938 E.F. EFFECT OF BREATHING 100% OXYGEH AT _ATMOSPHERIC
PRERSSURE UPON THE VISUAL FPIELD AND VISUAL ACUITY
4 Refs.

U.S. Revy Sch, Avia. Med., U.S. Havy Avia. Med. Center,

Pensacola, Florida. Res. 'Proj. §M 12-03-11, Subtask 11, Rep. Ro. 1,
March 1938.

Kffect -‘.u;t.d on central and perfpheral ficlds and visual scuity
messured using tangent screen, perimeter and Clason Acuity Meter.

Basults showed no decresents under the conditicns stated for a
pariod of over 4 hours.

- .
- I

195% 1.J. OBSERVATIONS (M MICR BXPGSED TO COSMIC RADIATION
et. al. N f 1IN THE EiWEEﬁ A LOHGEVITY AND PATHOLOGICAL
0? MI{ _
s‘ -
‘Mo Rafé. miu.ry u«um. za :835-847, 4959, 1o-c 0§ e

A -tndy of t.he M.olo@al et!ect- ot‘ s 24 hqur expogure to primary -
cosmic radistion vas carried out on 85 1 mice lammched in August 1955.
The animsls were st about 80,000 feet for 23 hours vhers they were
subjected to bs hit by 7350 thin-down particles. Control mica on the
“'ground vero subjected to the same rigors as the, experimental mice;

_ and then both experimental aid control mice ware allowed to live

" out their life-span. BRasults indicate that, there apparantly was:no

' . significant_definite evidence that the days exposure o light- and

mediv-veight prisary cosmic particles in the gtratosphere had any
hn;un adverse effect.

1959 SDWES, D.G.

SELECTION OF A SRALED CABIN ATMOSPHERE ¢
archibald, E.R. N

16 Refs., Journal of Avia. Med., 29, 1959.

oy [
Righ altitude balloon capsules sive datd to du!gn s sealed cabin
to oparate at space equivalant altitudes. Physiological varisbles
to be considered -are outlined. Atwosphere should provide for no

T

1961 BHARY, E.M.,

1962 MASTERS, R.X.

, - SPACE CABIN ATMOSPHERE YRACE CONTAMIKANTS
fees w0 3Ee R ¢ . .AND.THRIR POSSIMLR TWFLUENCE ON VISUAL
L ' ) PARAMETRSS - ___
N R D~ vy VIR
..70 Kkafs. Approx.

.
. 7
1wt . - v R
pLs Sy € . N .
P s
. T

perforusnce decremsnt rather than for comfort or survival. Discussion
of liquid oxygen converters, sealection of cabin pressure with
relation to "bends”, combustibility of atmosphere. The possible

uss of belium as replacement for nitrogen was proposed.

3

. BFFECTS OF QUTER SPACE ENVIRONMENT IMPORTANT
TO SIMULATION OF SPACE VENICLES

No Refs. ASD Tech. Bap. 61-201, AD 269 014, August 1961.

A literature search wvas carried out to delinaate the effects that

ased to be incorporated intc a simulator to adequately simulate

tha extarnal space anvironment, and thayeby analyze the effects oo

the crew and vehicls. Rscommsndations for further studies are gfven.
3

THE_EFFECTS OF ALCOHOL AND ANOXIA ON THE
BETEROPHORIAS (THESIS)

66 Rafs. Thesis for 1962 Advauced Course in Avis. Med., Brooks A¥B,
Texas. 1962.

Extensive review of the literature. Summary of effects:
Alcohol-~results in escphoris at distance and exophoria at near,
wvith a nsutral point in alcchol effact somswhere fo batvun
Varivus explanations are proposed. - [
Anoxis—such more disagreement than vith .ud:ol. Most voﬁ.nn note
' an incresss 1n escphoria at distance vith altitude, vhile the
! sicuation at near ie m cmtrovqallul. cac o b oa, B

. P
- wr 9

o .yr 1

E,

US4
Bx-ln h:tor-. 5:285—293. .
Ozcna can csuse marked changes in sevaral visual parameters. It has
been shown to be present in the cockpit snd‘passenger cabins of Jet
sirliners in sufficient concentrations to causs visual effects in
the laborstory, when flying in ths“lowest regicos of the {onosphare
(nfcmeu given inssupport). It is also considered that'ionised
humsn waste msy become highly toxic in gasecus or volatile form.
Mw:-dummqmdiot Smdw:ntothm
° differsnt concantrations of ozone, namsly 20 ppim, 35 pphm and 50 pphm
by volums. From 3424 vision tasts it 1s showm that photopic visual
acuity, stereopeis, vertical phoris'and color visico were ot affected.
Baterophorias changed 0-4 1/20 relatiwely more eso- or exo- however,
vhils prism divargencs and convergence -also showed marked changss.
Perimater plots shouwsd averigs incresse in field. Scotopic wision
was affacted in evary case. The possibility of contaminent
formation in specscraft and the c{_{ccn oo vision are discussed at
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OXYCEN BREATHIMNG EFPECTS UPCN NIGHT VISION

1966 EENT, P.R.
THRESEOLDS

19 Refs. U.S. Saval Sub. Med, Center, Sub. Base, Groton, Conn.
Rep. No. 469 MFOll. 99-9002,03, Pebruary 1966,

Rod send coue night vision thresholds were ed while b hing
oxygen at ons atmosphare for periods uwp to 140 minutes end at 2.82
ats. for 20 minutés. One of the five subjects showed elevated
thresholds at 1 at. and tvo of the remaining four at 2.82 ats.

Both rod and cone throsholds wers lower (more sensitive) after
faating subjects ingeatad 100 grams of glucose wvhile breathing
axygen at 1 atmosphere. Bresthing oxygen at 1 at, enhanced the
sight vision sensitivity of one fasting subject. Six of eight
ahowed @ small decrepent in pight vision seusitivity vhile breathing

envivonwentsl air.

1969 MEITZMAN, D.0O. EFFECT ON VISIOR OF REPEATED EXPOSURE TO (09
Linney, J.S.

Laxia, S.M.

7 Refs. Sub. Med. Rea. Lab., Sub. Base, Grotom, Comn.
Rep. No. 566, MP 12.524- 004~9015 D.01, Februsry 1969.

Visual affects of repeated exposure to CO, a8t levels commonly
regarded as ionocuous vere investigated. szpoaure waried cyclically
from 0.03% (air) to 3.00% at one atmospheric pressure every 24 hours
for 6 days. A battery of visual tests vas administered during this
period and in control periods both before and after the exposure to
C0,. Among the various tests, night vision sensitivity and color
vision for gresn vere the only onss which repeatedly detected
impairment of affictency duriug the period of exposure. All other
wisusl functions tested remained norwal.
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I1. BIBLIOGRAPHIRS

1939 MeFARLAND, ROSS A. BIBLIOGRAPHY ON THE SELECTION, TRAINING AND

PHYSICAL FITNESS OF AVIATION PILOTS )

Nat. Res, Council Comm. on Selecticn and Trainin
N g of Civilian Pilots
and Civil Aeronautic Authority, Washington, D.C., 1939.

Coaplete bibliography to 1939. Contents include:
1. Phychological atudiesa.
11. Sensory tests.
III. Physiological atudies.
IV, Effects of moderate and high alticudes.
V. Medical examinations and tests of phyaical fitmesa.
VI. Human factors in sirplane accidents.
Vii. List of acronautical journale.

1960 HOZLINS, C.0. DISPLAY AN BEQ
. D _CONTROL BEQUIREMENTS FOR MANRE
Dovarschmidt, D.K. SPACE FLIGAT EED
Anderson, M.J.

175 Befs. Aercspace Mad. Div., Wright-Patterson APB, Ohic
WADD Tech. Rep. No. 60-197, Ap;il 1960. !

Includes a large bibliography.

See abstract wnder Displays and Visual Simulation.

%.8. fITYDACKER, D. OPTICS AND VISUAL PHYSIOLOGY (ANNUAL REVIEW)

Arch. Ophth. 65:859-502, 1961.
Includes foraign titles.

1932 037700 AEROSPACE MBDICAL

IRDEX OF AEROSPACE MEDICAL RESEARCH REP
‘EESEARCH LABORATORIES S5

PUBLISHED DURING THE PERIOD SEPTEMBER 1939~
DECEMBER 1961

6570th Asrospsce Med. Res. Labs., Asrospace Med. Div., Wright-
Pattarson AFB, Ohio. May 1962.

BIBLIOGRAPHY OF RESEARCH REPORTS AND
PUBLICATIONS ISSUED BY THE BIODYNAMICS AND
BIONICS DIVISION

2253 5%¥AIN ARROSPACE MEDICAL
ACUARCH LABORATORIES

5570th Aerospace Mad. Rea. Lsbs., Asrospace Med. Div., Wright-
iPatterson AFB, Ohio. June 1963.. - Vs




1963 63707 AEROSPACR MEDICAL  INDEX OF ABROSPACE MEDICAL RESEARCH REPORTS
SESEARGH LAwORATOMYES

6570th Asrospacs Med. Res. Labs., Aerospoce Meod. Div., Wright-
Patterson AFB, Ohio. July 1963.

1963 STEARNS, P.E.
Kasparek, C.P.

CATALOG OF SCIENTIFIC PUBILCATIONS 1942-1963
U.S. Hav. Sch. Avia. Med., U.S, Hsv. Avia. ted. Center, Pensscols,
¥lorida. Decembar 1963.

Clsseifiad into current research, inactive subtesks, terainated

projects, joint reports, etc.

1966 AKBOSPACE MEDICAL
RESEARCH LABORATORIES

INDEX OF ARROSPACE MEDICAL RESEARCH
LABORATORIES REPORTS: AMRL-TDR KO. 63-1

THROUGH AMBL-TOR HO. 03-13

Asrospacs Med. Res. Labs., Asrospace Med. Div., Wright-Patterson
AFB, Chio. Pebruary 1966.

Abstyacts of reports by project and task are included.
A BIBLIOGRAPHY OF REPURTS ISSUED BY THE

BRHAVIORAL SCIERCES LABORATORY: APRIL 1946~
DECEMBER 1965

1966 STEVENSON, S.A.
Trygs, L.E.

Asrospacs Med. Bes. Labs., Asrospace Med. Div., Wright-Patterson
! AVB, Chio. June 1966.

Includes engineering peychology, training psychology, envirconmental
) stress, eisulation techniques snd physical antbopology.

1966 SUPPLEMENT TO A DIBLIOGRAPHY OF REPORTS

1967 STRVENSON, S.A.
ISSURD BY THRE BEHAVIORAL SCIENCES LABORATORY

Johnson, B.A.

Aervospace Med. Res. Labs., Asroapace Med. Div., Wright-Patterson
AFB, Ohio. April 1967.

ARNOTATED B1BLIOGRAPHY OF REPORTS ISSUERD BY
THE HAVAL AEROSPACE MEDICAL INSYITUTE, PENSACOLA,

YLORIDA: 1 JANUARY 1964-1 JULY 1968

U.S. Nav. Sch. Avia. Mad., U.S. Nav. Avia. Maed. Ceunter, Pensacols,
Florida. June 1968.

1968 KASPAREK, C.F.
Turner, C.E.

<o
oo % ca e .
P

.
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1969 EKASPAREX, C.F.
Yurosr, C.E.

-13-

ANNOTATRD BIBLIOGRAPHY OF BEPORTS ISSURD BY

THE MAVAL AERROSPACE MEDICAL INSTITUTE, PENSACOLA,

FLORIDA: SUPPLEMERY RO. 1, 1 JULY 1968

1 JuNg 1989

U.8. Nav. 8ch. Avia. Med., U.S. Hav. Avis. Msd. Center, Pensacols,

Floxida., June 1969.
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TII. COLOR VISIGN

1931 COOPER DEPARTMENT OF COMMBRCE CONFERENCE
at. al. .
No Refs. J. Avia. Med., 2:236-242, 1931.

Thio paper concerns a group of vinion experts discussing the visual
requiremonts for the sviafion medical examination. It was suggested
that wen should not be disqualified mervely for miseiag a couple of
Ishihara plates; also several copies of the Naticnal Geographic were
useful io final testing.

1936 WHITE, M.S. TESTS FOB COLOR BLININRSS

48 Refs. J. Avia. Med., 7:134-142, 1936.

Extremoly good review of the work and visusl tests up to 1936 16
presented; color deficiencies are also classified. It appears that
0o cne test was used for color vision testing but, "the ideal
method of attacking the problem is to supplement ome test with the
other.” England wvas using the Bdridge-Green lentern.

A STUDY OF VALUE OF THE PSEUDO-ISQCHROMATIC
OQLOR VISION TRST IN THR SEIRCTION QF THE
MILITARY PILOT .

1 Bef. A.A.F. Sch. Avia. Mad., Randolph Pleld, Texas.
Proj. No. 12, IRep. Ro. 1, January 1942.

1942 WHITE, M.S.

It was concluded that the tests used in pilot cclection for color
vision screening were unreliable. The Ishihara test is adequate
and should become standard gelection procedure.

1952 FAERSWORTH, D. PROPOSED ARMED FORCES COLOR VISION TEST FOR

SCREENING

No Refs. Med. Res. Lad,, U.S. Nav. Sub. Bese, New Londen, Comn.
Bep. No. 180, 10.146-155. Color Vision Rep. No. 24, August 1951.

Fifteen p do-isoch tic plates were selected from the Amer. Opt.
Co. salection (14 diagnoatic. 1 demonstratiom). These were 992

effective but the number of plates that failed bears no relstion to
the degres of deficiency. Specificaticns given for standard vieving

lamp.

DEENPERT b
.18 -
1953 ‘scpant, X. E% OF OXYGEN DEFICIENCY AND vm%g OTHRR
mt 8.G. j/ SATURATION THRESHOLD:
22 Refo. U.S3.A.F. Sch. Avia. Med., Rmdolph Fleld, Texas.

Proj. Bo. 21-31-002, April 1953,

Ses abstract under Atmospheric EBffecte.

' 1939 sahaor, I. VISION AND ASTRONAUTICS

14 Befs. Arch. Soc. Amer. Oftal. Optom., 11:291-298, 1939.
Visibility of coloys depends on tho srea and lumingnce of ths observed
azea. Threshold illuminance for correct recognition of golors 1s
about 10 lux; this is equivalent to a distance from the sun of about
3 tizmen the distance of the planet Pluto from the sun. The eyes

sust be light edepted; 4f the astronaut scans the sky he becomes
dark edepted amd a Purkinje shift cesulte.

1962 MILLER, J.MW. (Editer)

Extensive Refe. Nat. Acad, Sciences-Nat. Res. Council,
Washington, D.C., 1962.

VISUAL PRUBLEMS OF SPACE TRAVEL

Pages J}-4: Description of colors seen on launching and in space,

Also ses sbstract under Space Plight Including Reconnaiesance
and Surveillanca.

1968 WHITCOMB, M.A.
Benson, W. (Bds.)

THE MEASUREMENT OF VISLAL FUNCTION (SYMPOSIUM)
PROCEEDINGS OF SPRING MEETING 1965

Extensive Befa. Armed Porcas-Nat, Res. Comm. on Viaion,
¥asghington, D.C., 1968.

The pspers on color vision include a dascription of the 100 hue test
and a short discussion of the loboratory neasurement of color vision.

Also set abstracts under Dark Adaptatica, Depth Perception and
Stereopois, Ocular Muscle Balance, Rafractive Error and Rafractioem,
md Visual Acuity-Static,

1969 VEITDMN, D.O.

Ximey, J.S.
Luria, S.M.

EFFRCT ON VISIOH OF REPRATED EXPOSURE TO CO2

7 Befs. Sub. Med. Res. Ladb., Sudb. Bass, Groton, Comn. ’
gsp. No. 556, MR 12.524,004~3015 D.01, February 1969.

Color vision for gresn chowed o repeatedly detectable impsirment of

o
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efficiency during & period of sxposure to €0, at levels commecaly ! - IV. CONTRAST THERSHO
regsrded as imnocuous. 7The exposure varied cyclicelly from 0,03% ' e ' i = >
(t.a. air) to 3.0 st one atmoapharic pressure every 24 hours for ' v ) N
ays. : 1946 M CONTBAST THRRSHOLDS OF THE HUMAN EYE
ve oy’ - -3
Algo sse sbatract under Atmosphsric Effscts. : o -~ . : Msfs. J. Opt. Soc. Amer., 36:624~643, 1946. o
R R RN re P -
e - - Tn - e $ 3 -- RIS
1969 EE:‘.I. » HBRSEABCHR OB VISUAL vmmm m S?AG ?l.!m
ets - =

S Refs. HASA, Manned Spacecraft Center, Houston, Texas. RASA
Cantruct HAS 9-6865, March 1967-Msy 1969.

- " T

The work covers the investigatiocn of the optical parameters of the

Apollo pressure sult helmets and visors and the effect of optical

- distortions uwpon visual performance. The prinary visual function
investigated is binocular depth perceptionm.

Iosults are also included

of work dane co photckeratitis due to expoourc to U=V rodiation snd
the effect of the gold coated lexan visor on coloy perceptica.

l:pcd-nn.l data are presented reprassnting approximately 450,000
¢« =~ responses msds by trained observers under laboratory, conditicns
(z.ooo.ooo were actually recordsd), Contrast thresholds are prasented
for stimuli brightar and dsrker than their backgrownd, sand for 2
valuss of stimulus exposure. In aach case wide variations vere

studied in the parameters; stimulus contrast, lttnulu- ares and
dquua brightuess. i

1956 “LINPOOT, E.B. - = 7 TRANSMISSION FACTORS AND OPTICAL DRSIGN

J. Opt. Soc. Amer., 46:740-753, 1956. - ")
~ .7 “this paper is concerned vith forwnlating the requirements vhich
Also aee abstract under Depth Perception and Stereopsis. c most be fulfillad by a realistic mory‘of op::al image evalustion,

: and with the analytical techniquss which enable these requiremsats
) por, et ® ! ‘to be met to a greatar or lesser extent. Some of the short-comings
) . of old and t-day wethods of imsge assessment are enumarated
e ey sy BT '
! ¢ [P =

and ths nbmfmuancd requiremants are outlined, ‘The Pourier
[ T Y , . -- treatment of optical images is extanded to cover systems of fairly
3 - -~ =TT ed a : large sperture and field, working in polychromatic light, and the
! bsic propertias of their transuission-factors-(response functions)
| i } . --ave developed. The evaluation of opticsl images mnd of optical
-t o [N
- LI A oo s tagr . n® st ‘\_ '

x 16 _designs 1s u-cusud 1n _terse of- these transiisaion factorxs.
- ey o Pertx . Thpwp v & noA a8

e - - N (,ﬁ‘;,‘ . R 3 Jll. N LS

' e T S L : oy M fr ] 7.3
. ca e . g va owmavaetyd B

[ =T -~

- a RNt & I YSRGS AR i S11 L
‘ L o ST R A Y P L TroS r§3 . H

v k4 '\\“" 3 —'H‘ e { n G 7 Fialol sU RN 19 {
} VIV T~ Sy S - f 1
v

v

1956 smm, 0.8., SR. i T CPTICAL AND PHOTORLECTRIC AHAlm OF THE EYE
S wd T

~

~

Rt L SV ¢ , Kn

. S 3. Opt:'Soes Aber,, 46: 921—739,,\1956““ - f’; e
T rmeet, at e RET Y A

IR TR B - A photoelectric mloc of tho visual systen 1a7 coulttlic?edcin s

\ ~ .- conformsace with anitomical dats. Ths snalog has the form of s
i

r+. color’telavision camera chain fesding electrical signals to &

T ot g o)
T e RIS L T TR
or o (]

"computer” (ths brain). Evaluation of characterietics 1s limited to
| ve now elemsnts preceding the computer, snd particularly to the "1lminance
L . T T TR I bl it _ chanmal® of the color ayatan.. Thesprimary photoelectric transfer

y

%

1 i .o Tt -‘;,f"m e characteristics n,*f(E.) of the recsptors (rods and cones) are
% | | | u.

- Compited s o FumbeionTof revinal ttaminasion (8,) from threshold
.o v signal-to-noise ratios in the effective image sres of point sources,

. - . disks, and other’ test cbjects. The effective image ares, vhich 1s
the convolutfon of ths cbject srea with the sampling ares of the
visual system, 19 _detarmined from its.Fourier epectrut. The constants

- - of the transfer functicns are established from the optical constants

- | of the eye, its storsge-time functicn, snd the caximun transfer-:

; :,w,‘ ., ratio of statisticsl wits of the rod aud cons systams. ' There is
- - . littls room for variation of comstants, 1f they are to Temain in
‘g ) | agresment with odssrved valuss. The {Acomplete dec restoration in the

. -

-
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eysten (differentiation of edges) is.teken into sccount as s negative
image component caused by feodback. Syotem design principles are
wned as a guide in calculating the oignal integrstion by retinal
elements and the relative photoconductor gain characterietics of
the receptors which are part of a system of {nterdependent functions
including the' primary charscteristic, the over-all tranofor
characteristic to tha optic nerve lines, and tha four epatial
integration characteristics represented by the equivalent passbanda
of lena and retina for the rod and cone eyotems. The final eolution
16 perhaps not completely unique for oll functienn, but does not
violate or dissgree with fundsmental principles or observations as
demonatrated by a comparison of the operating characteristic of the
snalog with the Munsell lightness scale, ito ncise level with the
perception of external noise; and ite statistical ctrangfer ratigp,
relative gain, gomma, and feedback with observed data. The acuity,
contrast sensitivity, and threshold viaibility of point sources of
the analog are, of couree, in inherent agreement with corresponding
propertiea of the eye.

vos, J3.J. VISUAL CONTRAST THRESHOLDS IN PRACTICAL
Leagt, A. PROPLEMS

Bowasn, M.A.
3. Opt. Soc. Amor., §6:1065-1068, Decesber 1956,

Contrast thresholds—measured with dots and Landolt rings-——are

given as & function of object eize and brightness for 31 observers.
The desirability of presenting upper and lower limiting threshold
curves is pointed out. Differences with the experiments of Blackwall
are discussed. The infidence of training 1s showm to be negligible.

oN UALITY OF COLOR-TELEVISION IMAGES
AND THE PERCEPTION OF COLOR DRTAIL

BCA Review, 495-535, Decomber 1958.

A theoretical and experimental atudy of the NISC color eystem,
supported by color photographs, shows that conmtrast range sad color
saturation obtained with commercial tricolor kneacopes provide a
larger color space than provided by color motion pictures. In fino
detail more than 60 per cent of full color information is transmitted
sud reproduced by the NTSC system because the bandwidth rentricticns
of the electrical color eignals (I,Q) do not affect definition in
the vertidal dimension end have a smaller effect on the veproduction
of horizontal color detail than indicated by earlier evaluations which
disregarded tha tvo-dimensianal nature of the image. The detail
dolor reproduction appesrs adequate to the eye bacsuse the color
errors remaining, although perceptible, are small. This fact io
significant bacause the spatial sinc-vave response functioms of the

_ eolor discriminators of the visual system arg found to be substan-
tially independent of the color of light and similsr to the spatial
sine-vave luminonce response function of the oye.

g o et .- e i gl
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1962 DIPALMA, J.J. SINE-WAVE N3 oF VISUAL SYSTRM-
Lowry, E.M. 11, BINE-WAVE AND SQUABR~WAVE CONTRAST
BENSITIVITY

J. Opt. Soc. Amsr., 32:328-335, 1962.

Part I of this series described a mnthod which ylelded the sino-wave
responos of the couplete visusl oystem by assuming that the Mach
phenoaencu 1o the rasult of a convolution, in the optical eennc, of
tho object liminence distribution with the effective spread-function
of the visual syetem. Thig second paper is concernmed with measuring
the response of tho visual system to sine-wave and square-wave
cpatial diotributions using the threshold criterion of coantrast
esnsitivity. Particular smphasis is placed on the low epatial
frequencies, a rogios which is believed to be critically important

in the cechaniam of visual contrast phenomena. Results strongly (mply
interaction of two basic mechanisms in the vigual eyetem, These
machanioms mgy be characterized individually as a low-pass filter
component (optical) and a high-pass filter component (neural, chemical,
olectrical, otc.).

IP62 KRAUSKOPF, J. LIGHT DISTRIBUTION IN HUMAN BETINAL IMAGRES

J. Opt. Soc. Awer., 32:1046-1050, 1962.

The imaga-forming properties of tho humsn optical ayetem have been
exanined with the aid of a photoelectric ophthalmoscope. The 1ight
digtributions in images of bright vertical lines formed by g doubla
posoage through the eye optico were measured. On the assumption that
thoe oye optico are reversible, the light distributions on tho rotinn
were computed by means of Pourier transforms. The results ore aloo
expressed in tdrms of the apatisl frequency response functicao for
the eye. The effects of pupil size wvere examined. The best fvagory
was obtainad with a 5 wm pupil. The results confirmed the envlior
wmeasurements on human eyes reported by Flamant. The more recont
cxporimente on animal-material by DeMott do not seem to bo relewvant
to lividg human eyes.

1962 WOLFE, R.H. WIDTH OF THE HUMAN VISUAL SPREAD FUMCTIGH

AS_DETRBMINED PSYCHOMBTRICALLY
J. Opt. Scc. Amor., 52:4580-469, April 1962.

The responoe of the human visual system to an optical image is
agssuzad to bo linearly related to the logarithm of the sproad
function of the photographic system projected onto the retina
cacbined with tho spread function of the vieusl system. Fron
poychophyoicol dats derived from viewing (at different distcmcoo)
& sorieo of pictures genaorated with different spread functions, an
cotinato Lo obtoined of tho variance of the oprosd functicn of the
visual gyoton. The square root of thie varisnca ranges froo 3

to 8’., depending on the tochniqueo used and on the training of the
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Juiges. Although the residual errors in this determination are small,
they show systematic trends, indicating that definition depends on
other factors than the cosposite varianco.

1962 VESTRELMER, C. LIGHY DISTRIBUTION IN THE IMAGE FORMED

, Campbell, 7.7, BY THE LIVING HUMAN EYE
: . a-  J. Opt. Soc. Amer., 52:1040-1045; Ssptember 1962. E - -

By photoslsctric scanning, the 1ight distribution vas determined
in the aerial ophthalmoscopic image of a thin light filament viewed
by aa obsarver with an homatropinizad eye. Light distributions
ware cdtained for various pupil siges and degrees of defocusing,
Messursmmats were also cbtained with bar and grating odjects. To
compute the lineepread function oo the fundus, correstion was made
for the double passage of the light through the optical aystem of
the eye on the assumption that the spread in angular oessure is the
ssme in both directions. The resulta may be considered to depict
distributions vhich are possibly broader, but certainly not narrower,
thas the real distributions in the retinsl image. The line-spread
fuaction on the fundus vas detetmined to have a half-width at half-~
height of one minute of arc for an eys in beat focus with s 3 en
pwpil, and this suggests that the point-~sprcad function has half-
width 0.66 minute of arc as an upper eatimate.

1963 WESTUEDER, 6. OPTICAL AND MOTOR FACTORS IN THE FORMATLON
OF THE RETINAL IMAGE

J. Opt. Soc. Amer., 53:86-93, Jenuary 1963.

Brosnt work oo eye movement, pupil and accoroodation responses le
reviewad with enphasis on the relevance of the results to retinal-
image formation. Diffraction, chromatic end spherical aberratiaca, and
transuissiaon characteristics of the oye, and also new findings
comcarning the light distribution in the icsge 1a the intact human
sye are discusssd. An introduction is given to the Fourier approach
to the snalysis of the parformance of the eye and visual system.

MODERN IMAGE EVALUATION AND TELEVISI

(THE INFLUENCE OF ELECTRONIC TELEVISION
G THE METHODS OF IMAGE EVALUATIOR)

1964 SCHAIE, O.B., SR.

Applied Optics, 3:17-21, 1964,

Introduces imsge messurement problems brought up by the development
of commercial television. The solution to television problems has
required growth snd cooperation of optical, photographic, and
electronic sciencas. Presant sethods of analysis snd the importance
of the aperture responss, sins-wsve responss, and the moise theory
are painted out. Presents data on the frequancy bend pass of the
eye.

1965 CAMPEELL, F.N.

1963

1965 FRY, G.A.

Y
t
¢
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VISUAL ACUITY VIA LINEAR ANALYSIS

Procssdings of ths Symposiom on Informstion Processing in Sight
Sensory Systems, 177-193, 196S5.

Fouzrier techniques are spplied to the entire human visual syatem in
analyses of ths functions of the optics, the retina, and tha brain.
Prediction of contrast sensitivity using thess snalyses is satiefactory.
Presente contrast sansitivity functions for square and sine-wvave -
functions, and considars binocular va monocular resolution. Binocular
scuity is suparior by approximately J2. Further testing of this
hypothesis swaits the location of a three eyed subject who should

sdov [ improvemant over monocular viewing!

CAMPRELL, F.W. OPTICAL AND RETINAL FACTORS AFFECTIRG
Green, D.G. VISUAL RESOLUTION

J. Physiol., 181:576-593, 1363.

1. With ¢ necn~-helium laser ss a light sourcs, interference

fringss were producad on the retina directly, thus by-passing the
effecta of the optice of tha eye.

2. Threshold contrasts for resolution of these interference fringes
were measured. It was foumd that the contrast senaitivity decreased
roughly exponentially with incrsase in spatial frequency.

3. The contrast sensitivity of the over-all visual system was
wmegsured with eimilar sinusocidal gratings displayed cn an oscillescope.
At all spatial frequencies the contrast eensitivity was found to be
lower than that cbtained with the interference fringes.

4. By finding the ratio batwesn the contrast sensitivities measured
by these two techniques, the contrast reduction due to the optics

of the eye was calculated. The effects of changes in pupil size and
focus on the quality of the retinsl image vas determined. FPor an

eys vith a 2 mm diameter pupil the msasured optical attenuation
agrees with that predicted for a diffraction-limited system. With
increasing pupil sise the performance of ths optics deviated
progressively from s perfect optical system.

5. Thesa results establish that the quality of the optics is substan-
tially better than that determined by rvecent ophthalmoscopic methods.

PHYSIOLOGICAL IRRADIATION ACROSS THE RETINA
J. Opt. Soc. Amsr., 33:108-111, Jmnuary 1963.
This letter presents & nathematical considerstion of absolute

threshold date for geomatrical targets of various sizes in coansider-
stion of photo veceptor properties and retinal inhomogenefities.
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1965 3 G.A. NSTFBMIQ OF_FOCUSED AND STRAY LIGHT
2, Geb K _RETINA PRODUCED BY A POINT SOURCE

J. Opt. Soc. Amer., 535;333-335, March 1965.

This latter considexs the distribution of light on the retina from
a point source. The work extends the findings of other asuthors by
incorporating tha Fraunhofer diffraction pattern.

1965 WESTHEIMER, G. APPLICATION OF POURIER METHODS TO THE HUMAN
———be s f Ao IR UL L SR U

VISUAL SYSTEM

Proc. of the Symp. on Info. in Sight Sensory Syetems, 157-161,
Hovesber 1965.

Thie paper examines the relation between the point apread function
of the space domsin and the modulation tranafer function in the
spatial frequency domain to understand the foundstion of human
spatial visual resolutfon. The transmission of sinusoidal object
distributions into image distributfions is discussed, including the
demodulation of incoherent imagery depending on wavelangth, opticasl
systen aperture, aberrations and defocusing. By introduction of
fringe patterns on the retina, the effacts of spatial frequency
limitations are demonstrated for coherent illumination.

CAITAE| F.W, OPTICAL QUALITY OF THE HUMAN EYE

1ach, R.W.
J. Physiol., 186:558-578, 1966.

- uality of the eye was measured at eight pupil eizes
:“‘::;1::; :nd G.g mm digmeter by recording the faint light emerging
from the eye; this light was reflected from the bright image of a

line on the fundus.
;!.,m‘rhon:.tun of the fundus reflexion was cxamined; it was fouad
that the fundus acts very much like perfect diffugser while retaining

tion

g?h;:::githe result that the fundus acts like a diffuser, the
recorded line images were Pourier analysed to provide modulation
tranafer functions. These functions indicate an optical quslity
considerably higher than that found in previous physicsl studies.
4. Line~spread profiles were then derived from the modulation
transfer functions. These profiles nre 40X narrower than those of
previocus physical studies for s 3.0 mm pupil. The narrowest profile
occurred with a 2.4 am pupil.

S. Our resulte demonotrate that physical and psychophysical studies
can yield similar estimates of optical quality. The influence of
optical factors not common to both tachniques 1s discussed. Evidence
for the existence of ncural "image sharpening” mechanigms is revieved.
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1966 cn'% F.W, ORIENTATIONAL SELECTIVITY OF THE HUMAN
VISUAL SYSYEM

J. Physiol., 187:437-445, 1966.

L It 1s known that an cbject {s less detectable vhen it 1s viewed
against a background containing structures similar to the object.
The effact of changing the orientation between the object and back-
ground is investigated.

2. CGratings of varisble contrast were generated on two oscilloscopes;
these vere superimposed optically. The angle of orientation between
them could be changed. The threshold of one grating, the test grating,
wvas determined in the presence of the other, the masking grating.

3. When the gratings were presented with the same orientstion (and
locked in phase) the incremant threshold of the test grating vas
found to be proporticnal to the suprathreshold centrast of the
wasking grating.

4. An the angle between the test gnd masking gratings was increased
the masking effact fall exponentially.

5. Ar 12° on either side of a vertical test grating the masking
effect vas reduced by a factor of two with respect to its maximum
valoe. This angle vas independent of the contrast level of masking,
the focus, and also the phase coherence of the masking grating.

6. If the test grating was presented obliquely the effect of
masking wgs slightly less.

7. The narrow orientationally tuned channels found psychophysically
by this masking technique are compared with the orientationally
censitive cells discovered electrophystiologically in the visual
cortex of the cat.

1966 HMARRIS, J.L. MECHANISMS OF SPATIAL SUMMATION
mﬁ. 5.Q.

Proc. of the Colloq. of Performance of the Eye at low Luminance,
Delft 1963, 39-52, November 1966,

A simple modal 1s postulated, analysed and compared in tormo of
performance with data from a vision experiment. The purpose of tho
etudy vas not to attempt to validate the model, bat rather to deter~
aine vbhether it 15 possible to find & model in which the extent of
spatial summation exhibited by the visusl system can be achieved
using only the point spread function associated with retinal imagery
and probability summation. The results of the study indicate that
the simple nodel does result in the proper degree of spatial summstion,
uwsing caly the point spread function and probability summation
sechanisse. The quantum efficiency calculation does not prove the
validity of the model but does show that the model 1s compatible
with quantua statistics.
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1966 KRAUSKOPF, J. SOME EXPERIMENTS WITH A PROTORLECTRIC

OPHTHALMOSCOPE

Proc. of the Colloq. on Performance of ths Eye at Low Luminances,”
Delft 1965, 169-181, Novsuber }966.

R K

Experimencs in which the line sprasd functicns of the human aye were
. deternined for white light, wonochromatic 1light, and with various
1 pupil configurations are described. With large pupils the optice of
the eye are significently poorer thin a diffraction limited system.
The results indicate that neithor chromatic nor ainﬁh spherical
aberration limit the performanca of the eye. It is concluded that
the irregular variation in dioptric power over the plane of the pupil
is the chief limiting factor. Another set of experimsnts is s
dancribed in which the changes in fundus reflectivity dus to photo-
pigaent bleaching were studied. The principal experimental variable
was the entry or exit point of the measuring beam 1o the pupil
plane. A direct correspondence between changes in reflectivity and
the psychophysical Stilea~Crawford effect was found. These results
may be interpreted qualitatively as supporting the wave guide or
antemna theory of the Stiles-Crawford effect, However, it is showm

that no simple theory of retinal reflectivity can sccount for the
- data quantitatively.
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1966 MORGAN, R.H, THE INFLUENCE OF QUANTUM FLUCTUATION AND

SINE-WAVE RESPONSE ON VISUAL PERCEPTION
Proc. of the Colloq. on Performance of the Eye at Low Luminsnces,
Delft 1965, 121-128, November 1966.

o
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~ A new method for tho assessment of quantun fluctuatiqm -in-single
photoreceptor systems has been proposed. It follows primciples -

, sinilar to those employed in the evaluatian of noise from temporature-
wlimited devices in electréric systems; that io, it postulatee that
fluctuatioa in visusl systems fs & finction of (1), the nuxber of

- availabls quants and '(2) the ?yeﬁuani:y respense_characteristics of

¢ the” photoreceptor: In this papsy, attentich has been dirpcted

> antfrely: to single photoreceptor systems. However, extension of the
methods to systems employing multiple photorcceptors is not difficult.
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PHYSICAL AND PHYSIOLOGICAL FACTORS IN VISUAL
HMODULATION TRANSFER [
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1966 BOHLER, R.

Bils, R.

Proc. of Collog. on Performsnce of the Eye at Low Luminances,
Dslft 1963, 105-117, November 1966.
- - o

e &

Measuresmnts of the threshold of the human eye for periodical grids
md of the wodulation trensfer function (MIP) of the optical part

of the eye have been carried out. The MIF was determined from the

I ‘1dght being feflected from the retina. The thresholds for grids as
s function of spatial frequency were determinad under variation of
} sevaral paramstevs such as length end number of -grid lines, back~
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ground luminosity and pressntstiocn time. B
. y taking into 1
the MIP, the influsnce of the optical part of the giaual ;:n::v:;r:x:im
:ho tht:;:o::.::::d.::" el:dnlud:’ For unrestricted presentation
imss, etrong and nonlinear infl

interactions of the threshold, especially the wlmo:nofn::x::‘:;l
::::ho:. with v:ri'n :ull ;patu.l frequencies. For short exposyure

» neura eractions decresse and
presentsation times shorter than ca. IOIB?n A?ggct:t:Zp:::cpp::;:t

[

_ the threshold dats can be expl
part of the eye, 4 plained alone from the MIF z?f the optical

a

1966 VAN NES, 7.L. THE UMIN ‘
EFFECTS OF WAVELERGTH AND
Bouman, H.A. VISUAL MODULATION TRANSPRR X e

r

he Eye at Low Luminances,

b .

Proc. of Colloq. on Performance of ¢
Dslfe 1965, 183-192, November 1966.

The coutrast sensitivity of the visual rain
syotem has been date
:::.h ;:::ble—:tmm:ma sinusoldal test objects, by muur!.;;
ticn-threshold as & function of spatial frequency, for
nnpehf romatic light of constent average luminsnce. Data were cbtained
l:,:;:‘:odmuhd‘:o:!::”'hsﬁ' and 65: na. Thers is little difference
reshold curves
e AT threothold or red, green and blue at photopie

oinimun at a best-transferred
:: in the photopic luminance range, When the average lg:na:::q ey
¢ ueu::,ut‘vne c]‘l:cr:::: a::t s::l’.:;:lzngtha. wmtil, for acotopi'c. "
- u i
.;-nun.“u ot c; ) ty iacresses continuously with
s, . ) 1 ’
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1967 GuBIsai, R.W. . .  OPTICAL PERFORMANCE OF THE HUMAN BYE ' ' '
; T'Lﬁﬁﬂ— o
; J. Opt. Soc. Amer., 57.407-415, 1967. P

ey R
3

The dis b 3 y . e K
agrees physical and . "ot o
::.-n q:“g: i hysic ‘pey:hop!\yuul J:stiuﬁ:e:tof
: ¢ye s modulation transfer functions in white light-for severs
Lupll .hgo are used to compare the eye with.an 1(!.21 ‘opttc::?:r:::em
terms of normalized wodulation transfey functions, point mge oo
profiles, and Strehl ratios. Sevaral simple fundal-image ‘profiles '
are derived from the measured modulatien transfer functions, and the .
zmmce of thess profiles to psychophysical measurements s )
: cu.:ud. Glare 1o considered as the extemsion of polnt spread
‘:lct ocas to large sngles; experimental messurements are compared
th theories for ths special case of angular target.
\ 1 '

A‘d

1
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1967 MITGMELL, D.E EFVECT O - ‘
MITQGIBLL, D-B. OF ORI
e ENTATION OF THR MODULATION

St 0 0 OO 2N MODULATION
SENSITIVITY FOR INTERFEREN
Westheimer, G. THE RETINA CE_FRINGES ON

J. Opt. Soc. Amer., 57:246-249, 1967’ o R
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£ a green grating was found to be datermined not by its apparent
.. It is now well established that, for many test targets, vertical ¢ 4 PP
and horizontal crientations yield higher visual acuities than oblique :::::::: but rather by the extest to which it excited ths green
' orientations. In order to assess the role of the optics of the eye é et
. sctive contrast t
: in this effect, focusing errors of the eye were bypassed by using 8'“:":;“'3“ d, fora g “::n:t.t::?:: Z°:e: E:i::rg:;"“zn:“f:r
as the measure of resolving capacity the modulation sensitivity for 8 rod grating on a green background were found to be not e':igntucantly
oinusoidal ioterference fringes formed on the retina. The modulation different
sensitivity for vortical and horizontal orientation of the fringes 5. Vuuai acuity for a blus grating on a yellow background vas

was greater than for oblique orientations for a wide range of spatial
frequencies. A similar orientstion preference was found for the
cut-off spatial frequencles. Measurements of the modulation sen-
sitivity st 15° oriantaticn intervals indicated that maxima in

reduced from normal by about a factor of eix. Thie loes in vigual
aculty vas dus to both a reduction in contrast sensitivity and &
reduction in resolution.

sensitivity were spaced at 90° intervals. Since the effects of o

the aptics of the aye have besn eliminated, the origin, of meridicnel CAMP

wariations 1n acuity must lie in the retina and/or higher visual 1966 CAMPBELL, F.W. THE RUMAN EVE AS AN OPTICAL FILTER
thways.

patinvays — Proceedings of the IERE, 56:1009-1014, 1968.

The properties of the image-forming elemants of the human eye are
coupared vith the properties of the retina-brain system by considering
then as two linear optical £ilters in cascade. The contrast sen-
aitivity of the complete system is mwasured at a number of spatial
frequency on an oscilloacope. Similsr gratings are generatad directly
oa the retina by means of Thomas Youmg interferencs, using 2 neon~
helium laser as a coherent light source. In this manner the effect

of the eye's dioptrics are bypasged. The quality of the image formed
on the ratina wmay then be deterwined from these two sets of mesaure~
aments. The effect of pupil eize on the quality of the retinal image
ie described to tlluastrate an application of the techniqua.

1967 VAN MES, F.L. SPATIAL MODULATION TRANSFER IN THE HUMAR EYE
J. Opt. Soc. Amer., 57°'401-406, March 1967.

The contrast sensitivity of the human eye for sinusoidal illuminance
changes was messured as a function of spatial frequency, for mono-
chramtic light with wavelengths of 450, 525, and 650 nm. At each
wave~length, data vere obtaipned for a number of illuminance levels.
All cbservations were taken at equal accommodation, and corrected

for chromatic aberration. 1f the wavelength-dependent effects of
dffraction on the modulation transfer are taken into account, no
difference is found betweon the photopic contrast-sensitivity functions
for ved, green or blue., For mean retinal illuminances B, emsaller
then 300td, threshold modulation M at a given frequency is found

to increase in proportion to B‘-IIZ (de Vries-Rose law). For B.
greater than 300 td M remains a constant fraction of it (Weber-FPechner
lav). After aseparation of the optical modulation transfer of the

eye media from the measured nesural and a light-diffusion transfer
functicn. The latter can be compared with the analytic tranefer
fumction of photographic film,

1968 GREEN, D.G. THE CONTRAST SENSITIVITY OF THE CCLOR MECHANISMS

OF THE HUMAN EYE
J. Physiol., 196.415~429, 1968.

1. To isolate the color raoceptive systems of the eye, a sinusoidal
grating of one color was superimposed on a bright background of
another color and the threshold contrast for resolving the grating
wvas deterpined.

2. A procsdure is descridbed which allows one to estimate the extent
by wvhich the bright background reduces the contrast of the test
grating of another color. Using this procedure, the megsured thres-
bold contrasts of the test grating were replotted in terms of the
effective contrast gensitivity for the composite target.

3. The effectivity of a rved bockground in reducing the contrast

'
!
W -~
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V. DARK ADAPTATION

1938 HECHT, S.

AR ADAPTOMETER FOR KPASURING HUMAN
Schlaser, S. e

ADRPTATION

24 Bafs. J. Opt. Soc. Amer., 28-269-275, 1938.

1 The original Hecht-Schlasr adaptometer ia described. The parameters
involved io dark-adaptation are: intenstty-snd daraticn of preedepting
ldghe; the araa, retinal location, color and duration of the mcasuring

! Ught. All these are incofporated in the apparatus.

1949 BERRY, W. RIVIEW OF WARTIME STUDIES OF DARK ApApratiom,

RIGHT VISION TESTS AND RELATED TOPICS

Extensive Refs. The Armed Forces Nat. Res, Council Vis. Comm. ,
Vis. Comm. Secretariat, 304 West Med. Building, Univ. of Michigan,
Ann Arbor, Michigan. December 1949,

Contains s useful historical account, evalustion and procedure of
wsing night visicn selection tests and dark sdaptation tests up to

August 1946. Abstracts of 106 papers in tho field, published betw:
1941 and 1946 are also included. P stvee

[ 1951 CLAK, B. NIGHT VISION TRAINIRG: A SUMMARY OF RESRARCH

AND PRACTICE

. 51 Refs. Prom, "Blackwell, H., Minutes and Procs. of the NRC-Armed
, Forcas Cozm. on Vision, 29th Meeting, 1951".

Contents include: basic anatomy and physiology of rod vision, factors
involved in the development and maintensnec of dark adaptation;
limitations of vision at night; recommended tcchniques for coptimum
seaing at scotepic intensities; physical factors affecting visibility,
special problems in visual percepticn which occur during scotoplc

) intensities, description and evaluation of mear vision training methods.

1951 MUELLER, C.G.

30 Refs. From, “Blackwell, H., Minutes and Proca. of the NRC-Armed
Forces Committee on Vision, 29th Meeting, 1931".

SOME FACTORS IN HUMAN VISUAL DISCRIMINATION

lncludes comprehansive survey on all the accepted data up to 1951,
& description of the Radium Plaque Adaptometer and the use of
binoculars io night vision.

1952 CIB1S, P.A.

2 BBTINAL ADAPTATION IN HIGHT PLYING

Ko Refs. USAY 8ch. Avia. Med., Randolph Picld, Texas.

1953

1953 FARMSMORTH, D.
f1limen, B.

1953 McLAUGHLIN, S.C.

1953

Proj. Mo. 21-31-014, May 1932.

Temporary loss of ability to ses ths horizon on derk nights has

been reported by experienced pilots who regained sight of the horiszon
wvhen flying in an inverted position. Thc cxperimental study shows
strong evidencs this 1s due to physiological effects of local retinal
adaptation. The effacts are enhanced during oxygen deficiency.

AN EVALUATION OF PROBLEMS OF CHAKT HEADING
URDER RED ILLUMINATION

CHARANIS, A.-
28 Refs. Aruad Forces Nat. Res. Council Vis. Coom. Secretariat,
3433 Mason Hall, Umiv. of Michigan, Ann Arbor, Michigan. January 1953.

Preliminary report into the problem, e.g. depth of dark adeptation
required, intensities of red light, etc. Useful bibliography.

A COMPARISON OF SPECIFICATIONS FOR DARK
ADAPTATIGN BED

17 Refs. Med. Res. Lab., U.S. Navy Sud, Base, New London, Conn.
Rep. Ho. 219, Proj. No. NM 002 014.01.01, Pebruary 1953.

Current epecifications for red goggles, red compartment lighting
fixtures aud ved panel illwnination for dark sdaptation purposes
are discussed and evaluated.

THE BFYECT OF RED LICHT ON THE ABSOLUTE
VISUAL TERESROLD

14 Refe. U.S. Navy Sch. Avia, Med., Pemsacola, Florida.
Proj. No. NM 001 059.28.02, August 1953.

Ao hypothesis is advanced to account for the appearance or not of red
1ight photcosensitization in closely similar experimental situationo
in terms of the peychophysical méthod of threshold determination

- which is employed. This hypothesis explains the appearance in the
literature on vision of conflicting data. Results sre presented to
support the hypothesis and to nullify the "photosensitization

phenomenon”.

FANG, H.S. THE INFLUENCE OF PROLONGED STAY IN THE DARK
Hwang, T.F. ON_FOVEAL DARK ADAPTIVITY

7 Befs. U.S. Nevy Sch. Avis. Mad., Pensacols, Florida.
Proj. Ho. NN 001 059,30.01, October 1953.

Two subjects vare dark adspted for periods from 2 minutes to 10 hours.
aAfter 5 to 7 hours, foveal dark adaptivity became two times as high
as after one hour. Maximim adsptivity was shown after 8 to 10 hours.
The poasible mechaniam is discussed.
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DARK_ADAPTATION AS A FUNCTION OF ACE

1961 DOEY, B.C.
INDIVIDUAL PREDICTION

McFarland, R.A.

1957 POKS, G.
Dimdck, F.L.
. Sweeuny, B.J.

3 Refs. U.S. Navy Med. Res. Lab., Sub. Base, W d
Bep. No. 285, Proj. No. Nm 23 01 io. Rep. Ho: lf"s:::uu:"?m‘ 1957, Measuring dark adaptetion near the asymptote of the function requires

’ 30-40 minutes. When it is required to screen large numbers of people,
a test of this length is impracticable. Thus a short test of dark
adaptation, predictive of thresholds near the asymptote was daveloped.
The dark adsptation for 241 male subjects, ages 16-89 years was
measured. A multiple correlation of 0.91 was obtained between the
threshold sensitivity at the 40th minute (the criterion), and &ge
combined with dark adaptation thresholds taken at intervals of 1 -
minute for the first ten minutes. A correlation of this magnitude
allows application of the regression equation to individual performanca

" for the accurate prediction of terminal levels of dark adaptaticn

PILOT_STUDIES OF A SCOTOPIC SENSITIVITY TEST

7 Refa. Amer. J. Ophthal., 51:1262-1268, No. 6, 1961.

\ Further experiments with a new test of night visfon gensitivity are
1 discussed, which had already indicated: the sensitivity tn thz )
visual field must be sampled in two dimensions, size and brightness
of the test areas cen be used interchangebly.

1960 DOMEY, R.G.
McFarlond, R.A.
Chadwvick, B.

THRESHOLD AND RATE OF DARK ADAPTATION AS
FUNCTIONS OF AGE AND TIME -

1960

1960 McFARLAND, R.A.

%A‘ S.M.
arts, X.

2 Refs. Human Factors, 2:109-119, No. 3, 1960.

Two hundred and forty subjects were used, their age range being
15~-89 years. It was concluded that the threshold of dark adaptation
as a function of time was lgwfully related to chronologicsl age by
a curvilinear function. The findings are consiatant with the hypo-
thesis that dark adaptation threshold and rate of dark adaptation
::ﬁn:ge on the basic wunderlying physiological processes that change

VISUAL ACUITY UNDER RED VERSUS WHITE
ILLUMINATION

8 Befs, U.S. Navy Med. Res. lab., Sub. Bgse, New Londom, Comn.
Rep. No. 126, Proj. No, MR 005.14-1001.01.10, Jenuary 1960.

The central acuity of 3 subjects was measured at 3 photopic levels
(11.2, 1.2, end 0.34 ft.~L) of red and white light :sin:pa nultiple
checkerboard acuity tester, The red light was produced by the Navy
stendard red filter. The acuity was comparsble under both conditions,
shoving a swmall, negligible decrease under red light.

DARR_ADAPTATION AS A FUNCTION OF AGE 1.

1962 KLWNEY, J.S.

1962 KISSEN, A.T.

sensitivity. It was concluded that 3 minutes of preadaptation plus
ten minutes of messurement at intervals of ome minute under standard
1gboratory conditions as described parmit sccurate prediction of
tercinal levels of dark adaptation sensitivity.

A REVIEW OF RECENT LITERATURE ON NIGHT VISION
TESTING

15 Refs. Armed Forces-NRC Comm. on Vision, Visual Problems of the
Armed FPorces, Washingtom, D.C., Pp. 3-11, 1962,

Only tvo nev tests have appearcd since Berry's review (sce this
gecticn under Berry, 1949), both of which rest on firmer experimental
facts than their predecessors. These are the Medical Research
Laboratory Test (MRL) and the Army Night Vision Tester. One variable
that affects long-term stability is cxposure to sunlight, hence
geascnsl variations are large. The validity of testing is examined
frow three points of view* 1s the test measuring what it is supposed
to, can night vision testing be used to predict performance in a
field situation, end the raolationships among a range of night vision
tasks from simple to complex.

THE BFFECT OF HYPERTHERMIA OF PERIPHERAL
DARK_ADNPTATIGR

Dosmy, R.G. A _STATISTICAL ANALYSIS
¥ Varren, A.B. & Befs., Aerospsce Med. Div., Wright-Parterson AFB, Ohio. Rep. No.
Ward, D.C. AMRL-TDR-62-133, Proj. No. 7222, Task No. 722204, November 1962.

24 Refa. J. Geront., 13t149-134, No. 2, 1960,

The range of individual differences in the dark adaptation proecess

es & functlon of age is considersbly greater than has previously

besn supposed. 1Two hundred and forty male subjects, ages 16~89 were
uged. Age and dark adaptaticn thresholds were highly intarcorrelated.
The correlaticn icproves as the time in tha dark increases. The come
and rod thresholds are highly correlsted.

Biochemical regeneration rate of rhodopain might be altered if
retinal blood or tissue temperature are raised by hyperthermia

in super- or hypersonic atrcraft flight. Peripheral dark adsptation
curves vere obtained on 5 subjects at comfort (21.0° C) end 65.6° C
temperatures altermately, using a modified Hecht-Schlaer adaptometer.
In 24 heat cxperimonts, the subjects were exposed to 65.6° C ambient
air temperature for 33 minutes after wvhich the heat was shut off

The chamber temperature declined, but the subject's remnined in
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relatively constant hypetthermic conditions during the subsequant
35 winutes of dark sadaptation teste. The curves obtained differed

from the controls, indicating sn incresse in dark adaptation rate
uder the ioposed thermal stress conditions.

3

v

OXYGEN BREATHING BFFECTS UPON NIGHT VISION
THRESHOLDS

1966

KENT, P.R,

19 Refs. U.S. Naval Sub., Mad. Center, Sub. Base, Groton, Conn.
Rep. No. 469 MFOll. 99-9002.03, February 1966.

Rod snd cone night vision thresholds vere ceasured wvhile breathing

oxygen at 1 at. for perfods up to 140 minutes and at 2.82 at. for
20 mi The enente were taken on the Hecht-Schlaer adapt-
ometer. One of the 5 subjects showed elevated thresholds at 1 at.
and 2 or the remaining 4 at 2,82 at. Both rod and cone thresholds
wvere lover after fasting subjects ingeated 100 grems eof plucose
vhile breathing oxygen at 1 at.

Also see sbstract umder Atwospheric Effects.

»

AIRCRAFT INSTRUMENT AND COCKPIT LIGHTING BY
RED AND WHITE LIGHT -

1967 ADVISORY GROUP FOR
AEROSPACE RESEARCH
AND DEVELOPMENT

12 Refg. Agard, Poris, Prance. Conferenco Proca. No. 26, Oct. 1967.

[
It vas concluded that scanning an instrument panel using. e dim white
light causes oculy a’slight loss of dark adaptation, compared to-that
which is ponible to achiave af:er looking at equal}y, legible: red
11t instruments. There is"1little differencs iB the- level of .adept~
ation gsgociated vitheither lo terparaturc 'Uhite or luway vbite
14t inatruments. At:an experimental level it {s considered the
disadvantages of red integral lighting (lcau of color coding,
accommodation difficulties) outweigh the advantages (slightly lower
threshold). Floodlighting should be essily interchangable from red
~ to vhite, vhite being used unless the visual tosk requires the aviator
‘... to detect external objects, when it should be ted. If map-reading
is required, then only the illumination 6f the ‘map should be white,
the rest being red to maintain dark adaptaticn on the peripheral retina.
Integral and floodlighting systems should bo variable in intensity.

.
)

THE MEASUREMENT OF VISUAL PUNCTION (SYNPOSIUM)
PROCEEDIRGS OF SPRING MEETING 1965

' ]
Extensive Refs. Armed Forces-Nat. Res. Comm. on Vision,  Washingtonm,
D.C., 1968. ‘

1968 WHITCOMB, M.A.
Benson, W, (Eds.)

Contains one paper on the clinical measurement of dark sdap:nlon
and another on it's correlation with visual sensitivity.

. i
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Also see adstracts under Color Vieion, Depth Perception and Stercopais,
Ocular Muscle Balance, Refractive Exrror and Refraction, and Visual
Acuity-Static.

'

. \ s >0

1968 XINNEY, J.S. ANALYSIS OF A VARIETY OF VISUAL PROBLEMS
Luria, S.M. ENCOUNTERED DURING NAVAL OPERATIONS AT NIGHT
Weitzman, D.O,

\

- Extensive Refs. U.S. Naval Sub. Med. Center, Sub. me. Groton, Conn.
‘Rep. No. 545, August 1968.

The contents include: a discussion of the background information
for naval lighting problems at night; the merits of red or whice

lighting for naval use; comments on the effects of orange versus
red preadaptation.

. « N
NEAR VISUAL ACUITY UNDER LOW LEVEL RED AND
WHITE LIGHT !

1968 DOHBS, B.H.

8'Esfs. USAF Sch. Asrospaca Med., Brooks AFB, Texas.
SAM-TR-68-119, October 1968, -

The near visual acuity of 17 subjecta ages 35-43 years was measured
under vhite light and red light of 0.1 ft.-L luminance level. Near
visusl acuity was significantly better under white light for acuity
demands of 20/30, 20/40 and 20/50. Visual aculty is equally good
wmder red or white light vhen the acuity demand is 20/70 or larger
snd the visual acuity is equally poor under red or white when the
acuity demand ie 20/20.

f
- ‘s o - b~ '
o

1969 NEITZUS, D.0.

I v ~

EFFECT ON VISION OF REPEATED EXPOSURE TI0 CO,

Kinney, J.S. - - - RIS i
Luria, S.M. - }, -~ N RV I VTR St o A Jae '
T - 5 01 Saam s Tt s
"7 Bafs. Sub. Med, Pas. le.. Sub, Base, cro:on,zcam N I

Rep. No. 566, MP 12.524. 006—9015 D.ol. Febmry 71969. ew T

R
The vieusl effects of mg.lted exposm to COy a: levnls cormonly
regardad as {onocuous vers investigated. Ths exposure varied
cyclically from 0.03X (atir) to 3.0ZX at one at haric pre re -
every 24 houre for 6 days. It was found that uigh: vision sensitivity
vas repeatedly t.lpnrcd during the period of exposurh. '

Also ses abstract undsr Atmospheric Effects. T
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VI. DEPTH PRRCEPTION AND STEREOPSIS

1908 JAMES, G.T.B. QN THE MEASUREMENT OF THE STEREOSCOPIC VISUAL

ACULTY
S Refs. Lancet, 1:1763, 1908.

An apparatus was devised on vhich the Howard-Dolman appsratus vas
later based. The principle of the apparatus was to exclude all
monocular clues, including relative size. Sticks of different sizes
wvere therefore chosen so that when viewed through an aperture at

20 feet, even though they are at different distances behind the
sparture they sibtend the seme visusl angle. Mention is also mgde
of a stereoscope for near based oa the seme principle.

1918 U.S. WAR DEPARTMENT AIR SERVICE MEDICAL

No Refs. U.S. War Dept., Air Service, Div. of Military Aeronautics,
Whshingeon, D.C., U.5. Government Printing Office, 1918,

The report states repeatedly that plane landing requires perfect
atereo visian.

Also see abstract under Atmospheric Effects.

1919 SPEARMAN, C. DISCUSSION ON VISUAL REQUIREMENTS OF AVIATORS:

PART 111
No Refs. Trsns. Ophthal. Soc. U.K., 39 28-36, 1919.

The landing aviator does not ugse stereopsis to determine how far off
the groumnd 1is, but only the shape of the ground and apeed of approach
Hence gtereoscopic vision is only of secondary importance ia judping
distance; it ie useful for judging reletive distance but not absolute.

1919 HOWARD, H.J. A TBST FOR THE JUDGEMENT OF DISTANCE

1 Ref. Amer. J. Ophthal., 2:656-675, 1919.

The development of the epparatus was prompted by the aviaticn atandards
(1919) in which a hend otereoscope is used, an instrument sllowing

no quantitative analysis. The apparatus is based on James' apparatus,
(1908-see this sectios above), as it eliminates all cues except
binocular parallax snd retinal image size. One hundred and eix
subjects vere employed snd tsbles showing their age, occupation,
vision, muscle bslancs, NP accommodation, NP convergeuce, pupillary
distance, and binocular parallactic angle are given., They show a
high correletion betweon small parallactic angle and high quality
visual parameters. The best performers had either ortho- or eso-
suscle balances, noane had emor. The limit between “aormal" and

i

-
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“abnormal” stundards of distance judgement is thought to be 8.0
seconds of arc, This vopresents approximately 24 1/2 mm for p.d.
equals 57 mm to 19 1/2 wm for 72.5 om p.d. The test is dome with
a shutter as most judgements are done instantaneously

1931 BERENS, C.

PRESENT OPHTHALMOLOGICAL STANDARDS FOR
Smith, H.T.

COMMERCIAL AVIATION IN THE UNITED STATES

106 Refs. Trans. Amer. Ophth. & Laryn., 36th Annual Meeting, 1931.

The report discuases the visual standards for commercial sviation
(1931). Certain parte of the ocular examination are clarified and ~
the military and commorcial aviation requirements sre compared.

P. 316, "Binocular parallactic dieplacement plays little
part at the greac distance at which judgement must be made in
flying."

P. 319. Case report given of exercigses improving astereopsis,

P. 323* Discussion on whether a man should be disqualified
on a falled depth perception test alone.

1932 JARMAN, B.L. MOROCULAR VISION AND OTHER PECULIAR PHASES

OF FLYING AS REGARDS DEPTH PERCEPTION
Ro Befs. J Avia. Med., 3:194-200, 1932.

Depth perception is very important in teking off and landing a
plene, especially the latter. To date there were no accidents in
wvhich one-eyed pilots were found at fault. A flyer who learns to
fly wich one eye and has never experienced binocular vision in
flying, always depends on monocular clues for depth perception and
doesn’t contend with the loss of something he has never had during
flying. Monocular pilots are often good pilots in spite of their
defects and sowetimes perform better than those without handicaps.
lHowever, since there is adequate and often excessive pilot meterial
available, there 1s no need to certify any handicapped applicant
vho must depend on ona eye.

1933 TOPMOELIER, W.J. SUGGRSTED MODIFICATION OF THE DEPTH

PERCEPTIGN APPARATUS

No Refs. J. Avias. Med., 3:156-157, 1933.

A device 18 placed over the depth perception epparatus (e.g., the
Howard Dolman Box) like a roof, painted black and containing four
25 watt frosted light-bulbs. A small steel bracket scrawed at the
four corners of the depth perception appsratus prevents the top from
olipping and keeps it stationary. This added device is believed

to improve the depth perception apparatus by removing shadows and
climinating glare, ond preventing applicant from looking ovar the
top which othervise aids the highar ecore with this teat. The
author offers no statistical evidence of improved performance in

#




-+

-3 -

depth percapticn testing using his modiffcation devics; or whether
or not it is a common accepted modification.

1940 U.S. ARMY TECHNICAL NOTBS GN EYE, RAR. NOSE AND THROAT IN AVIATION

MANUAL §-300 NDICINE
U.S. Army Tech. Msnual 8-300, Government Printing Office, Washingten,
D.C., 1940,

The actual manual was aot seen. The following is abstracted from
"McFarland, Ross A., Human Pactors in Alr Transportation, McGrawv-
Bill Book Co. Inc., lst Bd., 1953.," Older pilots have learned to
use secondary cues. It has been found that o new cendidate making
&n sverage error greater than 30mn con icprove his acore by repeated
trails, provided he has no ocular defect.

SIMPLE QUANTITATIVE TEST FOR ACUITY AND

1902 VEBAOEVY, F.H.
BELYABILITY OF BINOCULAR STEREOPSIS

7 Befs. Arch. Ophth., 28:1000-1019, 1942.

The Verhoeff sterecscopic test is explained. The greatest distance
is found for which all 8 presentations are correct; the acuity is
then deduced as followve-
acuity = distance
100 (distance in cms)

It 18 claimed that this test is far superior to the Howard-Dolman
tast, one of the advantages being that it reduces guessing to a
winizum. The two tests are compared at length. In the diecusoion
following the paper, Ascher comments, "acccerrodation and convergence
« « « are of no help whatever at the distcnccs icportant for flying.®

COMPARISON OF HOWARD-DOLMAN DEPTH PRRCEPTION

TEST, WULVRCX GROUP TRST OF STERRO ACUITY
AND KEYSTGE_UEPTH PEGCEFTION APPARATUS

1942 BWLIND, V.M.

1 Ref. Sch. Avia. Med., Rmdolph Field, Texas.
Proj. No. 59, Rep. No. 1, July 1942,

Extremely low correlation observed.

EVALUATION OF STEREQOP3IS: A COMPARISON OF

1945 SLOMEE, A.E.
mr.—j.l. THE BOWARD-DOLMAN AND THE VERHOEFF TEST

S Refs. Arch. Ophth., 34.357-359, 1945.

The stersoscopic threshold was dsterwined on both the Howsrd-Dolman
sod the Varhoeff tests using 186 subjects. The Vorhoaff technique
had bigher cosfficients of self reliability botwecn trials and 8

3
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far greatsr ssoaitivity; it was therefore thought s

uperior. Howsver
ths Howard-Dolman test 1s also useful in determining sterecpsis -lon;
vith other attributes, as against pure atereoscopic ability,

1946 XIRSQHBERG, L.5.S. DFPTH PERCEPTION AND FLYING ABILITY

18 Refs. Arch. Ophthal., 36:155-170, 1946,

The psper is a summary of results of studies relating ocular
balancs to depth perceptiocn in the RCAP. An oxcnuagt oumyn::ctl:o
ltarature 1s included. The apparatus exployed to evaluate sterecpeis
is a voodsn version of Verhoeff's 1942 modal reproduced thres times
larger than the original. The results of the exparimants show:

1. Good visusl acuity is an inportant factor {n depth perception.

2. FPusion amplitudes and depth perception are fandependant.

3. Thers vas no relationship betvsen depth perception and

heterophorias in 303 subjects.
4. Orthophoria bears no relationship to flying abilicy.

1950 NICHOLLS, J.V.V. THE RELATIONSHIP OF HETEROPRORIA TO DEPTH

PERCEPTION IN AVIATION
236 Refs. Aner. J. Ophthal., 33:1479, 1775, 1891 (3 parts), 1950.
Includes a most axtensive review of the subject.
Also eee abstract under Visusl Standards.
ANISEIKONIA IN AIR FORCE CADETS AND 1TS

RELATIONSHIP TO THE HOWARD-DOLMAN DEPTH
PERCEPTION TEST

1950 RIPPLE, P.H.
Wilson, M.R.

8 Refs. USAF Sch. Avia. Mad,, Randolpb Field, Texas.
Proj. Mo. 21-24-010, August 1950.

Ho relaticuship vas found.

1951 MUELLER, C.G.

30 Rafs. From, “Blackwell, H., Minutes and Procs. NRC-Araed Force
Committse oo Visicn, 29th Neating, 1951." *

SOME FACTORS IN HUMAN VISUAL DISCRIMINATION

The paper includes & brief survey of the genarally accepted data
:::nud with sterscscopic acuity end the discrimination of real

Also see abstract under Dark Adaptation.
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ANISBIKGNIA AND THE HOWARD-~DOLMAN TEST

J. Opt. Soc. Amer., 43:473-478, No. 6, 1933. ,

Bxpericents with 2 subjocts showed that sniseikonia in the horizontal
woridisn produced a constant arror of the same direction and magnitude
in the setting of the wovable rod as the antseikonia. The errors in
the Howard~Dolman teat were only 1/3 to 1/2 of that predicted from
bigocular disparity. The mean varistion about the average poaition
varied from day to day.

1957 GERATHEWGHL, 8.J,
Civis, P.A.

SURFACE TEXTUBRE ARD DEPTH PERCEPTION

8 Refo. USAF Sch. Avia, Mad., Randolph Pleld, Texas.
Rap. No. 57-24, April 1957.

Experiments on the role of irregular texture for depth perception
were made using a plate steracmeter to measure true and apparent
differences as well as effect of illumination on epatial localizaticm.
The raesults were obtained using two groups of ten subjects and
indicated that the acecuracy of spatial localization of plane-parallel
visual surfaces depends an the perception of separate texture
elements, i.e. gralo size, grain deneity, and digtribution and
distinctness of reference points within the surface pattern. Surfaces
with coarse and distinct grain seen at bright 1llumination provided
the greatest accuracy of spatial diecrimination, but even micro-
structure of surfacc toxture improved depth perceptios when grit
donsity, grain size and conditions under which it is observed fumished
tranoverse dispsrity and stereoscopic cuss.

1958 MILLRR, E.F. RVALUATION OF CERTAIN VISUAL AND RELATED

TBSTS: V. RETINAL BIVALRY

10 Refs. Nav. Sch. Avia. Med., Pensacola, Florida. Proj. No.
HM 14 01 11, Subtaok &, Rap. No. 5, August 195B.

Retinal rivalry as a possible additional screening device is without
valun. One hundred ond twelve naval aviation codets were examined

snd it was found the olternstion rates bore no relation to their
storecacopic thresholds.

1967 ADANS, A.J. STERBOSCOPIC DEPTH ASSOCIATED UITB

lavens, J.R. CYCLOTORSIONAL EBYR MOVEMENTS
12 Bafs. Brit. J. Physiol. Optics, 24.217-220, Ne. 3, 1367, >

The conditions under which cyclotorsional eye movemants occur ie
outlined. It is shown how they cay influence depth perception and
produce depth 1lluajons. An oxplanation {e given for the recantly
reportad trafic signsl fllunicn (Bugalski).
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1968 WHITCOMB, M.A. THE MRASUREMENT OF VISUAL FUNCTION (SYMPOSIUM)
Bengon, W. (Eds.) PROCREDINGS OF SPRING MEETING 1965

Extenpive Rofs., Armed Forces-RRC Committee on Vieiom,
Washington, D.C., 1968.

The report includss a section on digtance vieion including stereopsis.
One paper consists of a brief review of the instruments to measure
stereopsis, another is concerned with the distinction between perceived
depth and distance.

AlBo ses abstract under Color Vision, Dark Adsptation, Ocular
Muscle Balance, Refractive Error amd Refraction, and Visual Acuity-

Static. L
1968 LURIA, S.M. RELATIONSRIP BETWEEN STATIC AND DYNAMIC
Weissman, 5. STEREOACUITY
9 Refs. J. Baptl. Peych., 76:51-56, No. 1, 1968,

Equidistance settings were obtained from 50 subjecta with s Howaxd-
Dolman type apparatus which was either staticnary or votating about
the subject at sngular speeds of 60-180°/second. Correlations between
settings decreased as the disparity of the speeds being compared
focreased and there was a sharp drop im correlation between the
stationary position and any apeed. At any givan speed of rotstion,
there was an increase in variability of settings as the viewing

timn decreased, and a sharp increase below 0.3 seconds. A positive
localisaticn error was made by 240 subjects and a negative error by
260. There appears to be a rolaticaship between positive errore end
exophoria end negative errors end esophoria.

1968 OHLBAUM, M.K. THE EPFECTS OF ALTITUDE ON CERTAIN ASPECTS
: OF VISUAL PERFORMANCE
26 Boafe. MN.S. Theaio, Divigion of Optometry, Indiena Univ.,

Juna 1968,

Some loge of accommodation, convergence and sterecpsis was found

at altitudes up to 18,000 fest, and quantified against hypoxia.
Wilmer's theory of reduced ciliary tonus vas spparently negated
inascuch as a slight increase in tonus was found. No plus acceptance
at noar was found despite large decrements in accommodation. Thus
no justificaticn for tho present USAF atandards of minimum accom-
modatiocn was found and an absolute minimum of eay 4-5 D is suggested.
Tbe aurhor agrees with Scobee in that altitude has no significant
effect an the 'phorias.




BESBARCH OM VISUAL PROBLEMS OF SPACE FLIGHT

199 MILEL, 6.0,
et,.

S Refs., KASA, Msnned Sp aft C r."‘ an, Texas. RASA
Countract No. NAS 9-6865, March 1967-May 1969. ?

The work covers the investigation of the opticol parameters of the
Apollo pressure suit helmsts and visora, and the effect of optical
distortions upon visusl performance. The prinsry visual functica
. , investigatsd is bivocular depth perceptica.. Work was also carried
out du photokeratitis due to exposure to U~V radiation and the effect
of the visual transmittsnce of tho gold-coated lexan visor en color

1 mguts includes: f
' 1. The Leaf Room

v 2. BHowerd-Dolmsn Peg Test

| 3. Space Bikoncweter

1 ' 4. Tilting Plane Etkonometar

! 5. Tilting Lunar Surface Model

i

§ 1969 LURIA, S.M. THE RELATIG OF "DUCTION" TO DYNAMIC

1 Xent, P.R. STRREOACUITY — — .
b

. 4 Bafa.

Sub. Med. Res. Lab., U.S. Nav, Sub, Med. Center, Grotom,
Coun. Rep. Ro. 575, April 1969. h
! The relatica between ductiocn bresk-recovery (B/R) ratics and local-

i ization error in a test of dynamic stereopcuity was eéxamined in 73

| young man. Positive (near) localisation errors, esophoria, high

i negative spherical correction, high adductive and low abductive B/R:
zatios wvere found to be related. » Poaitive arrovs: were- associated vith
high adductive and low abductive B/R-nidpoints for- spophotés 'but the
relsticnship for amphom vas not’ clear. Tho difference batuesn

the adductive and’abductive.Tatios increaced-vith increasing positive

§ error. Differences between the adductive and abductive B/R nidpoints
! wvers greater for phores than h

P and iper
positive errors. The magnituds of the arrer was related to the

‘magnitude of the spheriul correcticn whiech the subject wore during
the experiment. The direction end magnitudo of localization errors

7 was pot much more predictable from duction measurensnts than from
‘phorias.

e At e AT

-

perception. The apparatus used in the binocular visicn depth messure-

d vith incressing

1961

1951 RIPPLE, P.H.

1960 HOPKINS, C.O.

1961 BUDDENHAGEN, T.F.
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VII. DISPLAYS AND VISUAL SIMULATION
VISUAL PROBLEMS OF PILOT IN PRONE POSITION
Rosd, H.W.

9 Refe. USA? Sch. Avis, Med., Randolph Pield, Texas. -
Proj. Ho. 21—24—011. Bep. No. 1, August 1931,

The test parscus ware subjected to e el d gaze “hile u s prons
position in bed. A determination vas made of the muscle balance snd

ability to maintain the elevated gaze. Elevation of 15-30° gave all
subjects discomfort.

DISPLAY AND CONTROL REQUIREMENTS FOR MANNED

Bauerschmidt, D.K. SPACE FLIGHT

Anderson, M.J.

175 Befs. Asvospacs Med. Div., Wright-Patterson AFB, Ohio.
Tech. Rep. No. 60-197, April 1960.

A study was made of the display and control requi
orbital vahicle of the “space-ferry"” typs. The mission includes
lsuach, rendezvous, re-entry and landing. Displays, controls ‘and
control panels ware desigued to mest these requirements. Represent-
atiocns of these ware constructed and incorporated into full-scale
mockups of cockptn for 2 slternate display and cmtrol syum.

v

s for & d

[
PR

HUMAN PERFORMANCE AS A FUNCTION OF THE' WORK-
N REST BATIO DURING PROLONGED CONFINEWENT

5 Befs. Aexospace Med. Lab., Wright-Pattersan AFB, Ohio.
ASD Tech. Rep. N&. 6!-720 Novmber 1961.

ADAMS, 0.S. ‘
Ghiles, W.D.

‘r:

. Many. subjects vere confined for up to7l15 days whils they undertook

S performance tasks including ome to dotect wvarning lights and ome
pattern discrimination test. It was concludad that with proper

control of sulaction snd motivational factors, crews can work
sffectively for periods of at least two wasks &id pulibly ‘longer
using 8 4~on and 2-off.vork-rest schedule.’ ' -

~

A _STUDY OF VISUAL SIMULATIOR TECHNI ‘ FOR
ASTRONAUTICAL FLIGHT TBAINING - o n

Tech. Rep. 607756, AD 260 093, March 1961.

Wolpin, M.P. L .

¥o Refs,

A study of the anginssring requiremante for visual sirulation in
astronaut flight training, and ths present techniques used to
accosplish the simulation was carried out. The report includes hov

and vhy the techniques were devaloped to aptinlu ths training-: - R
value of a simulator.
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1962 MILLER, J.W. (Ed.)

1962 McNUBLTY, C.F.

1963 PFRIFFER, M.G.

Clark, W.C. DISPLAY REQUIREMENTS
Dapaher, J.W.
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1962 JOHBS, E.R. VISION AND THE MERCURY CAPSULE

Bann, W.H,

12 Refa. Armed Porces-NRC Comm. on Vieion, Washingtem, D.C., 1962.

The paper containo prodictions of what might be seen and how through
the window of the Morcury capsula. This was writtem, of course,
before the first Mercury missicn had taken place. Also contsined
in the paper are pictures of the instrumsnt panels, the vindow,

and refracticn through the latter, etc.

VISUAL PROBLEMS OF SPACE FLIGHT

Extensive Refs. Nat. Acad. of Sciences-Nat. Res. Coumncil,
Washingten, D.C., 1962,

Pages 20-24: Discussiom of visual displays with consideration for
the various novel problems of space flight, e.g. absence of gravity
ad the presence of various accelerative forces.

Also see abatract under Space Flight, Including Reconnaissance &nd
Surveillance.

SIMULATION TECHNIQUES FOR SPACECREW TRAINING:
STATE OF AT, REVIEW

No Befe. MBL Tech. Documentary Rep. 62-32, AD 283 343, April 1962.

simulation technology is discussed, and the present programs for the
developmant of new tochniques for spacecrew training are preseated.
The requirements are given for visual eimulation in a simulator,
especially these which demcustrate extravehiculsr viewa that vould
have to be observed by the astronaut.

THE 'PILOTS VISUAL TASK: A STUDY OF VISUAL

33 Refs. U.S.N. Training Device Center, Port Washington, N.Y.
Contract No. N61339-783. AD 407440, Maxch 1963.

An analysis was mads of the perceptual characteristics of the pilots
visual world vhile performing various flight taske. Thens vare

coupared with the perceptual characteristics mnade available by typieal

non-prograrmed visual displays attached to flight trajners. An

experiment was then conducted in an F-100 simulator equipped with 151

visual attachments to dotermine training effects. 1t was found that
even among aexparienced subjects, the parformence was significantly

improved, both with regard to the detection of in~flight emergenciaes

and the maintencnce of ssrodynamic etability., Reccumendations are
tede for irprovemsntoc in tha external vieual displays of flight
siculators to enhance thair training value.

.
™
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1963 BUDDENHAGEN, T.F. DEVRLOPMENT OF VISUAL SIMULATION TECHNIQUES

Johnecn, A.B. FOR ASTRONAUTICAL FLIGHT TRAINING
Stephen, S.C. -—
Holpin, M.P. .

10 Refs. Behavorial Systems Laboratory, Aerospace Med. Div., Afr
Force Syetems Coumand, Rep. No. AMRI~TDR-63~34, Vol. 1, June 1963,

This papor comeiders the uses of high resolution television and an
electronic planetarium as visual simulators.

1964 GAIMER, C.A. PILOT EYE FIXATIONS WHILR FLYING SELECTED
OCbermayer, B.W. MANBUVERS USING TWO INSTRUMENT PANELS

16 Refs. Human Pactors, 6:485-501, 1964.

The firet panel configuration had vertically moving tape, the second
a round dial. Sixteen subjects were tested in a MB-5 Simulator

with flight characteriatics of a high performance jet alrcraft.
Standardized flight profiles were employad. The data collected
allows analysis of system performance, eye movemsnts and a correlation
of performance and eye movements for each combinastion of maneuvers
and ipstrument panels. There was no clear-cut distinction between
ease of reading vertical or circular ingtruments, a vertical inatrumont
being preferred for some measurements and a circular for others. It
appears that the vertical panels gave more feedback from supporting
instruments through peripheral visien.

1968 AUERBACH CORPORATIGN VISUAL INFORMATION DISPLAY SYSTEMS-A SURVEY

14 Bafa. 96 pp. Chap. VII. Simulation Display Systems (pp.77-84),
Offtce of Technology Utilisation, NASA, Washingtom, D.C., 1368,

Interesting chapter ou computar~siunulated epace flight, both from
tha gpectator and the astronauts point of view.

.

1968 VALVERDE, H.H. FLIGHT SIMULATORS: A REVIEW OF THE RESEARCH
AND DEVE NT

Extensive Refs. Aorospace Med. Res. Lab., Aerospace Med. Div.,
wright-Patterscn AFB, Chio. July 1968,

General review of flight simulators (research and development) einca
1949. The report does not include mathematical models and space
flight simulators.




‘ VIL1. EVYECTS OF VEBRATION

1966 HOLLAND, C.L. PERFORMANCE AND PHYSIOLOGICAL EFFECTS OF

LONG TERM VIBRATION

14 Befs. Asrcepacs Med. Ras. Labs., Adrospace Med. Div., Air Force
Systens Command, Wright-Patterson AFB, Ohio, AMRL-TR-66-~145,
October 1966.

- - -r The iavestigation vas of twunsi performance as a functien of selected
parspeters of simulated, random, vertical vibration environments.
Twelve subjacts wers subjected to 4 different vertical vibrarion
snvironmsuts for 6 hours at a session. The sudbjects had to perform
2-dimensicnal, compensatory tracking and secondary visual and auditory
loading tesks. The visual task consisted of reactions to red and
green varning lights. It was found thst the eubjects reacted quicker
to lighte than control when 2 cps  power peak but slower when

5 cps = power pesk.

INVESTIGATION OF THE EFFECTS OF VIBRATION
ON DIAL READING PERFOBMANCE WITH A NASA
PROTOTYPE APOLLO BSIMET

1968 SHORNBERGER, R.W.

4 3 Refe. Aarospace Med. Res. Labs., Asrospsce Med. Div., Air Force
Syetems Command, Wright-Pstterson AFB, Ohio. AMRL-TR-67-205,
! February 1968.

Sinusoidel vibration was used and the force of gravity was passed
through the X-axis of the body (subject lying down) with vibration
in the X-axis in one experiment, and ip the Y-axis in another.
Dial-reading ability was asseseed at 6, 1), and 15 Hx. with the helmet,
with and vithout a lner. The vibrstion intcnsity varied +1.2 G

in the X-axis experiment, and +0.96 G in the Y-axis experinent.

The results showsd that along the X-axis, dizl-reading performance
deteriorated most at 1) Hx., less so at 15 Hz. snd sven less at 6 Hs.
Along the Y-axie, the dial-reading performance tends to increase

! with increasing Hs., but it was better with a liner at 6 Hz. and
vithout & liner et 15 H=e,

1968 BUBENSTEIN, L. SOME_EFFECTS OF X~AXIS VIBRATION ON VISUAL
Kepism, R. AQUITY -

6 Rafs. Asrospace Mad. Res. Labs., Aerospace Med. Div., Air Force
Systens go.‘nd. Wright-Patteraon A¥B, Ohio. AMRL~TR-68-19,
June 1968,

Pour experimsnts ware conducted to measure vernier visual acuity
during sinusoidal vibration of the hesd in the Y-axis (side-to eide).
In one half of each axperimant, pesk accslexation amplitude was held
constant at one C, in the other half displacement amplitude was hald
constent st 0.03 em. Frequency was the main independant variable.

- 48 -

Experiments I and II examined the sffects of vibrating the head at
frequancias from 13-78 Hs. Thess showed in both the constant
accelerstion and constant displacement conditions acuity is a
U-shaped fumction of frequancy and has a winimun in the range
of 26-34 Bz,

Experimsnt III examined effects of vibrating a target. Decrements
in acuity dus to targst vibration were smaller than thoss due
to head vidration under comparsble conditiouns.

Bxperiment IV also examined effects of vibrating the head as I and
11, except orientatiom of tha vernier target with respect to *
axis of vibration was changed from perpendicular, {.s, vartical,
to psrallel, i.e. horisontal.

Ho differsncas ware found betwveen scuity scores produced by the

vartically and bhorizontally orientated targats, for aither the

constant displacement of the constant acceleration condition.
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IX. FLASH BLINDNESS, GLARE AND RADIATION EFFPECTS

SECTION OF OPHTHALMOLOGY: DISCUSSION ON

LOGY IN ITS RELATION TO THE RAVY,
ARD AIR FORCE

Brit. J. Ophthal., 2:1654~658, 1923.

1923 BBRITISH JOURNAL OF
OPHTHALMOLOGY

1 Ref.

- This paper 18 an exsmple of collective opinion influencing visual
astandards rather than experimental evidence., FPor exsmple, “recant

~ axporience eeemn to show that for the pilot the moat important effect
of glare s to cause lack of convergence and accommodation,"

Also see abstract under Ocular Muscle Balance. -

1957 HAMGLION, C.E.

THE EFFECT OF A HORIZON~-LINE LUMINANCE GRADIENT
Blackwell, H.R. TCINITY

UPON TARGERT DETECTABILITY IN ITS VICINITY

3 Refs. Engiueering Resegrch Institute, Univ. of Michigan, U.S.
Navy Buresu of Ships, Centract No. Nobs-72038, April 1957.

Three series of experiments were reported indicating the magnitude
and spatial extent of effects of a horizon-line luminsnce gradient
upon the detectability of nearby targets.
1st series-targets vare viewed foveally against non-uniform back-
ground fields of photopic luminances.
2nd serics-targets were viewed peripnerally against non-uniform
background fields of scotopic luminances.
3rd serisp-targets were viewed against uniform backgrounds covering
the range from photopic to scotopic luminsuces (providing a
basis for evaluating some of the findings of the first 2 series).
The targets were alwayas presented for 1 second. Results showed a
luntnance gradient of 2:1 from sbove to below the horigon-line raises
+ the thrashold contrast by only moderate amounts. With the target
above the horizon, the target threshold contrast increased less than
14X coupared vith the uniform field, regardless of the positicn of
the target with reapect to the horizon~line. With the target below
the horizon, threshold contrast increased by 39X when the target
P wag just adjacant to the horizon. It decressed lees than 7% when
the target was removed 20 feet from the horizon-lime. The horizon-
1tne effect is reduced ss the background luminsnce decreases, being
-~ saro for scotopic luminsnce levels.

1958 METCAL?, R.D, VISUAL RECOVERY TINES FROM RICH INTENSITY

Hom, R.E. FLASBES OF LIGHT
\ 9 Refe. Wright Air Dav. Center, Wright-Patterson AFB, Ohio.

WADC Tech. Rep. No. 38-232, Astis. Doc. No. AD 205543, October 1958.

Fous subjects were sXposed to & level of illunination comparable to
thar likely to be entountarsd during nuclaar operations, end their

Y ep 0

-
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visual recovery was recordsd. Bxtrapolaticn of the resulte to the
extimatad bura threehold fndicates & maximum recovery time of 170

seconds to discriminate a brightness contrast ding
red-11t sircraft instyuments. compereble to rea

[N

1959 LEBISH, 1.J. OBSERVATIONS ON MICE EXPOSED TO COSMIC

et, al, RADIATION THE STRATOSPHERE: A LONGEVITY
AND PATHOLOGICAL STUDY OF 85 MICE
No Rofe. Military Medicine, 24:835~-847, 1959.
See abastract under A heric Eff

P .

1960 STEUGHOLD, H. EYE BAZARDS AND PROTEBCTION IN SPACE
Ritter, O.L.

14 Refs. J. Aercspace Med., 31:670-673, 1960.

The report is econcerned excluaively with the sun and retinal bums
(includes photographic and subjective reports). The report gives
data of solar irradiance near the various planeta and explains why
the critical time of exposure to the sun to produce retinitie solaris
DOES NOT decreage appreciably as the sun {a@ approached,

1961 ALLEN, M.J. A STUDY OF VISUAL PERFORMANCE USING OPHTHALMIC

FILTERS

No Befs. Aercspace Med. Lab., Wright-Patterson AFB, Ohio.
ASD Tech. Rep. 61-576, October 1961.

A gradient density filter was found to be superior to naked vision
or other filters at about 7,000 ft.-lamhers. A Link trainer
instrument psnel was used and atmospheric conditiona were controlled.

1961 SEVERIN, S.L. RECOVERY OF VISUAL DISCRIMINATION AFTER

HIGH INTENSITY FLASHRS OF LICHT
23 Refs. Sch. of Aerospace Med. USAP, Brooks AFB, Texas. 1961.
This study attexpts to evaluaste the use of a Zeiss Light Coagulator
@5 an experimental gource to determine the relationship between
exposures of high intensity light end visual recovery. General con-
clusion: the Zeiss Light Coagulator may be used as a research tool
to iovestigate flash blindness and whether or not it can be measured.
"Becovery from daszle is consistant and repetitive vithin acceptable
umits for biologic experimantation.” Also, the recovery time
{ncrenses with i{ncreasing intensity of illumination, and the finctional
loes of vision following a dasale is decreased by increasing the
lurinance of the task to be vicwed.
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1962 SEVEEIM, S.L.

; A EI'BH NA?PROAG( TO.THE STUDY OF ‘FLASH' BLINDNESS
::‘“':J; N S & L
ar, ¥ -
s 4 J“r.‘\"
9 Rafs.

SN
5 arch. 09btha1../‘67:62-66, 162, O

Q
AN M
m ltdy aho\nd that the Hayer-Schv!ckeuth Zeigs 1ight coagulator
cem be usad as & research -:ool o' investigate flash” blindriess,
Results indicatad that dassle recovery is consiastant and repetitive
within acceptable limite for blological experimentatfion. All test
flashes vore of 0.15 sec. duration. Two main trends in the resylts
_were founnd:.-(1) recovery time incressed with Aocreasing intensity
of the test flash; (2) time of functional visual loso-following
dazzle decreased by increasing luminance of the task to be viewed,

7 '

' L ! '
1962 SAYLOR, W.P. " SPACE RADIATION GUIDE
Carciker, AN, + - : ' Y
&ivemn, C.J.
Vioer, D.E.
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e 01 mf" ““'“P“:“ Med. Div., Wright-Pattorson AFB, ohio.F:"l 3
Proj. Ro mx.-mx-az-se [August 1962,
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e
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. The veport contuns a very eouprehensiye gulde and bibucgruphy.
Sections are' presented omn: -

. RN Y
5-~1. Solar Radfatics — ‘ircludea sunspote‘r, solar flares, solar

electromagonetic and corpuoculnr radiaticm, flare radiation
7 dosage, and proton events.
2. -The Vvon-Allen Beltl- mcludes tnnq: cnd;out.er;-zones. shepe}’
,composition; and biological effects. P b gLe S s er3s
, 3. Galactic Cosmic Radiation - includes’ pxoperuea and effects.

4. Biological Effects of Space Radiation.nigcludes;absorption,
. o human mpme. dnd ﬂbiologiﬁal pgotect;va peaguresy’ " 27
'J5-'ccmst'l:mcm‘.ati.a-n‘r LR

6. Shielding Requirements for. Hannqdaspnce- PLIBHE = q

_pessage of radiation. chrough-gatter; md; proteation againat . °
nﬂous primary mdnum“q ‘radiations.

H
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1968 LAPPIN, P.W. poi™ -

o e

- - T
T% ANALYS1S OFV:IHE FIRST THERMAL NUCLEAR PULSE

Admmn, C.F. AND ASSOCIATBD EYE EPFECTS : ... ,
oY STy o 1C ’ 3 N - - Vet TRD ! I 1T,
2-Refo.

Aervspace Med.' Res, ubs., Aemapnce Med; Div" ‘Wright-'
hsﬁeﬂﬂ m. Ohio.

Rep. ‘No. AHRL-TR—67—%16 neccmber‘11968"“ !
< N

The uthen:tcal presenutim of r.he Qata of the first thermal pulse
vay obtained in the Dominic' Tést Serfes in 1962. An analysis vas
‘made of the vretinal irradiances Jfom»the‘ first thermal pulse energy
from veapon yeilds of 1 to'3 ooQ ulo:ons CRétinsl” 1rruuaneea vere
shown™ t6,decreass with incressing yisld- md fall vell below-the
threshold bufn lavels for yields of 1 kllotcn or greater. Since the
time ¢o mininum for 1 kiloton detonation is sbout 2.5 milliseconds
and increases vith wanpon ytelda., it 187 coi\i:luded,vthat cleosure of eye

.
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+ protectiva devides uod qnly oceur after-this time for-low altitude
oo s d‘tnulm‘of } nuh:hn-r?{ greater.; —yx o urrrensy
‘:; B I T e R I " AR
1.969 Pll'l.‘s, D.Gs™ .m wcrs omm.mvzoun BADIATION OR THE EYR
Ty Thr TS ) VR L
. 25 Refs.c~USAW/Sch. AVLa. Mad., Asrospace Med. Divi;”Brocka"A¥B,
. Texas. Proj. Ho. SAH-TR-69—10,  Februsry 1969., .. /.« . -
@ " ) o R [ W fos
The source used vas an argon w tomd trmptnucn arc. Calibration
o techniquas, monitoring instrumentation, snd procedures for studying
the effects of ultraviolst on the eye ware presented. Rabbit eyes
wers used, plus some hunan material. - Photophthalmia thresholds were
established for various wavelenghts and predictions wade for karatitis
thresholds for man in outer space. Electron microscopy photographs
are included as evidence. Rssults ars presented for uthunty in the
exposed rabbit cells., It was noted that the critical rediant- ‘expoaure
for photoksratitis ip msn will be surpassed unless protaction is
given. . Stress is also given to the extreme accuracy required of
«cultraviolst transaission data of protective devicas for it to have
useful enginesring applications.
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1953 BEOZEX, J.

s
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X. FLICKER FUSIGN FREQUENCY
"CHANGES IN FLICKER FUSION FREQUENCY UNDER

Siconson, E. STRESS

Taylor, H.L.

7 Befa. USAF Sch. Avia. Msd., Randelph Fleld, Texas. Proj. No.
21~-32-004, Rep. No. 3, October 1933.

Within a framework of studies on changes of "fitness”, the flicker
fusion frequency was determined during a control period and under
the following conditions:
1. Moderate visual strain .
2. Streawous visual etrain ,
3. Rutritional stresses
4. Miscellaneous severe stresses--hard physical work, work in hot
envircnment and lack of aleep.
The mechanism involved in depreasion of the fusion level when
demmnstrated (starvation, streauous vigual work) 1s not clear and
probably varies. The experiment shows the decrsase of fusion level
cannot gerve as an index of degree of fnvolvement of the central
aervous system in biologic stresses of thes type applied in this
study, or that this involvament is minimal.

EXPOSURE OF MAN TO LOW INTENSITY MAGNETIC

1962 BRISCHER, D.E.
FIBLDS

Mililer, E.F.

35 Rafs. U.S. Naval Sch. Avia. Med., U.S. Nav. Avia. Med. Center,
Pensacola, Florida. July 1962.

Tvo subjects were cxpoased for 10 days to a magnetic field of 1/1000
gecaagaetic field (50 gamma). The results of a number of physio-
logical end psychological tests were not affacted, including space
perception. However, dacrements were observed in the visual field
and especially peripheral critical flicker frequency.

1967 BEISCHER, D.B. EXPOSURE OF MAN TO LOW INTENSITY MAGNETIC
Hiller, E.F. FIELDS IN A COIL SYSTEM

Knepton, J.C. .

22 Rafs. Nav. Aerospace Med. Inst., NASA NAM1-1018, October 1967.

Travel beyond the earth enviromment will mean near absencs of &
asgaetic flold. This paper is a continustion of the 1962 study
by the eamw authors. It supports the previous study in that the
scotopic flicker fusion frequency gradually decreases. Thiae is
reversed after expogsure. Problems of 1ife in a maguetic field
fres envivonment are discussed.

\] 10
Rt

1918 U.S. WAR DEPARTIGNT

1933

1935

1938

1942

1944
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XI. HARDWARE, INCLUDING OPHTHALMIC INSTRUMENTS

AIR SERVICE MEDICAL

No Refs. U.S.Wsr Dept., Air Service, Div. of Milita
] . Iy Aeronauti
Washington, D.C., U.S. Govarument Printing Office, 1918, o

A description end picture of the Dreyer apparatus, the Flack
and the rebreathing apparatus are given, ! beg

Also see abstract umder Atmospheric Effects and Depth
and Stereopsis. PER Perception

TOPMOELLER, W.J. SUGGESTED MODIFICATION OF THE DEPTH
PERCEPTION APPARATUS
Yo Refa, J. Avia., Med., 3:156-157, 1933,

See abatract under Depth Perception and Stereopais.

GLENN, C.R. A PRELIMINARY REPORT ON A PERFORMANCE TEST

FOR_FLYING
Ho Refs. J. Avia. Med., 6:14-19, 1935.

The paper discusses the modification of the 0'Rowke complex co-
ordinator. No visual considerations are made.

HECHT, S. AN _ADAPTOMETER FOR MEASURING HUMAN DARK
Schlaeer, S, ADAFTATION

24 Refg. J. Opt. Soc. Awer., 28.269-275, 1938.

See abstract under Dark Adsptation,

SIMPLE QUANTITATIVE. TEST FOR ACUITY AND

VERHOEFF, F.B.
RELIABILITY OF BINOCULAR SYEREOPSIS

7 Befs. Arch. Ophthal., 28:1000-1019, 1942,

See abstract under Depth Perception and Stereopsis.

ADAMS, J.K. A _TEST-RETEST RELIARILITY STUDY OF THR BAUSCH
:eter.ub.c. AND LOMB ORTHO-RATER WITH NAVAL PERSONNEL
mus, H.A.

No Rafs. Univ. of Wiaconsin, Madison, Wisconsin. OSRD Rep. No. 3969,
Auguat 1944,
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The occupational vision tests with the Orthorater are sufficient for
the present purposes. Ths far and near point tests sppear to be of

equivalent reliabiltcy.

EVALUATION OF STEREOPSIS: A OOMPARISON OF THE

IS5 SLOAME, A.E,
HOWARD-DOLMAN AND THE VERHOEFF TEST

Callagher, J.R.
5 Refs. Arch. Ophthal., 34:357-359, 1945. .

Ses abstract under Depth Perception and Stereopsis.

946 KIRSCHEERG, L.S.S. DEPTH PERCEPTION AND FLYING ABILITY

18 Refs. Arch. Ophthal., 36:155-170, 1946,

No relationship was found between depth perception scores, hetero-
phoria and flying ebility for 303 subjects using a modified Verhoeff
instrument.

Algo ses abstract under Depth Parception snd Stereopsis.

1987 SCOBEE, R.G. TESTS FOR HETEROPHORIA
Gresn, E.L.

9 Befs. Amer. J. Ophthal., 30:1436-451, 1947,

The paper is concerned vith ths cooparison of red and white Maddox
rods in the svalustion of heterophoria.

Alsc ses sbstract under Ocular Muscle Balanes.

331 MUELLER, C.G. SOME PACTORS IN HUMAN VISUAL DISCRIMINATION
30 Rafs. From, "Blackwell, HB., Minutes and Procs. of the HRC-Armed
Forces Comm. on Vieion, 29th Meeting, 1951."

Much data co the Radium Plaqus Adaptometer is given, together with
a discussion of ths use of binoculars for night vision.

Also ses abstract under Depth Parception and Sterecpsis.

1¥5¢ GLOVER, H.C. HIGH ALTITUDE HELMET VISUAL PROBLEMS

1 Ref. Wright Air Dsv. Center, Wright-Patterson AFB, Ohio.
Tech. Rep. 56-572, ASTIA Doc. No. AD 110543, November 1956.

WADC

& snalysis 18 made of ths various visual problems in ths design
' and usage of the high sltitude suit visors. The visual problens
include fields of view, optical distortions, eye relief, antifogging

. e S

-53-

and antifrosting.
outlinad.

The design criceria for halmet visors 1s

i9s9 BIZSBLB. R.L. AUTOMATIC TEMPERATURE CONTROLLERS FOR THE
MA-) ALTITUDE HELMEY VISOR
No Refs. 4 Appendicas on Controller S
pecificaticns, Aero. Med. Lab
Wright-Patterson AFB, Oh . . 3 ) 0
Hey 1955 N {0, WADC Tech. Rep. 59-232, AF 33(616)-5250, -

The report covers the technical aspects of a coatract f
developmant of sutomatic taxperature controllers for th:tH:l::
Altitude Helmet Visor. The controllars vere designed to be mounted
inside & nev high altitude helmet and to maintain the interior
surface temperature of the helmet visor by control of the power

AN _INFBA-BED OPTOMETER TO STUDY THE

1960 ALLEN, M.J.
ACCOMMODATIVE MECHANISM

Carter, J.H,
Amer. J. Optom. & Arch. Amer. Acad. Optom., 37:403-407, 1960.

The apparatus coatinuously monitors the accommodative state.

1961 ALLEN, M.J. A STUDY OF VISUAL PRRFOBMANCE USING

OPHTHALMIC FILTERS

8o Refe. Aercspace Med Lab., Wri,
. . ght-Patterson AFB, Ohio.
ASD Tech. Rep. 61-576, Occobar 1965, P e

See abstract under Flash Blindness, Glare and Rsdiation Effects.

1961 .smnm S.L. RECOVERY OF VISUAL DISCRIMINATION AFTER
HICH INTENSTTY FLASHES OF LIGHT
23 Refe. Sch., of Asxo. Msd. USAF, Brooks A¥B, Texas. 1961.
See abstract under Plash Blindness, Glare and Radiation Effects.
1965 GILLESPIE, K.W.

COMPARITIVE EVALUATION OF USAF STANDARD
A[gZZS-Z AND IMPROVED MPZZS 2

~2A HIGH ALTITUDE
YULL PRESSURE_FLYING GUIVITS '

4 Rafs. Systems Enginearing G
g Group, Res. & Tecb. Div., Wright-
Pattersan AFB, Ohio. Rap. No. SEG~TR-65-9, April 196;. 8

This report 1s concarned wostly with the suit icself. Howaver, it




R

contains eevaral photcs of the helmet and the complete optical
test data of the helmet for refractive and prismatic power,
transcittance and hase,

1966 CARPENTER, J.A. EVALUATION OF 22 GOLD VISOR .

Richey, E.O.

No Refs. USAP Sch. Aerospace Med., Brooks AFB, Texas.
Proj. No. SAM-TR-66-71, August 1966.

Resul:s axe given of a flight evaluation to determine if the use of

a 2% gold visor in dsylight degraded the performance of flight duties.
Thirteen pilote flew 17 sorties. Siightly diminighed vision under
cloudy conditions was experienced by some individuals, although missions
were all satisfactorily completed. A 2% gold visor is recommended
during daylight houre for eye protection from nuclear explosions.

1967 BOCCO, R.M. RESEARCH AND DEVELOPMENT OF HELMET PACEPIECES

FOR_SPACE PROTECTIVE ASSEMBLIES

Ho Rafs. Asrospsce Med. Bep, Lab., Wright-Patterson AFB, Ohio.
Bep. No. AMRL~-TR-66-193, January 1967.

The tolerances were described within which waterials for facepieces
ghould fall. Tests vere also described to evaluate the flatmess,
distortion, radiation transmission, and eolar irradiation of the
wmaterials.

INVESTIGATION OF THE EFFPECTS OF VIBRATION
ON DIAL RBADING PERFORMANCE WITH A NASA
PROTOTYFE APOLLD HELNET

1968 SHOSHEEEGER, B.W.

3 Refs.
Systews Commend, Wright~Patterson AFB, Chio.
FPebruary 1968,

Asrcspace Med. Res. Lab., Acrvospace Med, Div., Alr Force
AMBL-TR-67~205,

-Ses abstract under Effecte of Vibratfion.

1968 TBEDICIL, T.J.
Kislin, B.

SPECTACLES IN THE COCKPIT

12 Refs. Digest XIX, No. VI, Pp. 16-20, 1968.

Twenty-eight per cent of the requived medical data for pilot candidates
1o the USAF {e devoted to eye findings. 'The visual atandards for _
eligibility for pilot training have changed lictla since their estab-
Jdehosnt. As of ulda-yoar 1967 nearly 402 of the Air Force pilots

ware of the presbyepic sone'-—this would esem to mesn over 40 years
old. As most older aircraft use red cockpit lighting at night,
chromatic sbarraticns oxzaggerate presbyopia. Flat top bifocals

e Y
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are the etandard issus, but others, e.g. baseball-type, can be
supplied,

1968 DECXER, T.A.

Sperling, H.G.
Paintenida, T.

RESEARCH LEADING TO NEW VISION TEST TRCHNIQUES
POR USE IN TEE SPACE ENVIRONMENT

90 Refa. NASA/Amas Ras. Center, Moffett Field, Califormia.
Grant No., NGR 44-012-099, October 1968.

The paper concerns the development of a sp borne vision tester
for use in the NASA Apollo Applicatiocns Program. The report ie
di{vided into the selection of visual functicns to be messured, the
initial phases of new test development and the gathering of baseline
data to aid 1o the evsluation of new vision tests. It reviews the
special stressors of the space eavironment and on this basis selects
the visual parasmeters that should be monitored. These include: a
test of binocular coordination; 8 test of visual fields, a test of
retinal sensitivity; a test of intraccular pressure.

1969 CROSIEY, J.K. AN _BVALUATION OF OPHTHAIMIC PLASTIC (CR-39)

Bailey, R.W, LENSES IN THE U.S. ARMY AVIATION ENVIRONMENT
Fischer, P.H.
7 Refs. U.S. Army Aeromedical Res. Lab., Fort Rucker, Alabama.

USAARL Rep. No. 69-3, February 1969.

Twenty-five army aviators with various refractive errors were
gelected to test-wear both clear and tinted CR-39 lenses for 6
wonths. Subjective avaluations were made of the impact resistance,
geratch resistance, weéight, optical clarity, comfort, cleaning
ease, resistance to breakage, and accumulation of foreign material.
The user's acceptance vas quite good. lens scratching was not found
to be a significant problem. Favorable recommendations are made
concaruing the general usa of ophthalmic lenses for U.S. Army
Aviatica persoanel.

1969 MILIER, N.D.
et. al,

RESBARCH ON VISUAL PROBLEMS IN SPACE FLIGHT

S Refs. NASA, Manned Spacecraft Center, Houston, Texas. NASA

Contract No. NAS 9-6865, March 1967-May 1969,

! See abstract under Depth Perception and Stereopsis.

DESIGN, DEVELOPMENT AND PRODUCTION OF PRESSURE

SUYT_SPECTACLES

NASA Manned Spacecraft Center, R & D Procurement Bramch,
Submitted by Univie Imc., Omaitech Divisienm,

1969 LALIBERTE, A.J.

¥o Refs.
Contract HAS 9-8090.
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DBCKER, T.A.

1970
Speriin;, H.G.

- 36 =

Route #131, Dudley, Masa. 01550. July 1969. '
The suthor was coamiesioned by NASA to produce spsctacles suitable
to be wom in space. As wvell as correcting sny errors, they aust
also: \
1. protsct against both infrered and ultra-violet solar
radistion.
2. provide the widest possible field of vision.
3. sghould be sbls to withotand high gravitational forces
without dislodging.
The paper describes the difficulties of undar taking such a project
and cont~ins transmisdion curves for the vorious plastic lenses
and sideshialds.

RESEARCH LEADIRG TO NEW VISION TEST TEGRIIQUES

FOR USE IN THE SPACTE ERVIPONMENT

Univ. of Texas Graduate Sch. of Biomedfical Sciences, Texas Medical
Center, ['ouston, Texas. HASA Grant No. LGR-44-012-099, Jemuary 1970.

This paper follows that of October 1968 vhich dealt with the
asture of the problam and the initial atsgeo of its investigation.
It 19 coocermad vith the apecific procedures and instruments set
out in the previocus paper.

W
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x11. ILLUSIONS AND VISUAL PERCEPTION

1. ANISEIKGNIA
2. AUTOKINESIS

3. CYCLOTORSIOHAL EYE MOVEMENTS

4. GRAVITATIGNAL AND VESTIBULAR EFFECTS

S. NICHT MYOPIA, SPACE MYOPIA AND GANZFELD
6. ROLE OF INSTRUCTION :

1. ANISRIRONIA

RELATIONSHIP OF ANTSEIROMIA TO FLYING
PERFORMANCE IN 175 CRASED TRAINING PILOTS
AND SO EXPERIENCED PILOTS

1942 ELLIOT, A.J.

“"Canadian National Research Coumncil, Ottawa, Canada. Rep. C-2151,
June 1942. Extract from McParland, R.A., Bumsn Factors in Air
Trsasportation, McGraw-Hill Book Co, Inc., Rew York. 1953,

Aniseikonic lenses of magnification 1, 2, 3, and 4% at axes 45°,

90°, 135°, and 180° were worn in a series’'of flights on RCAF aircraft.
Most carked effects were noticed vhen landing on a level grass field
sone distance from boundaries whers no parked aircraft or other
monocular cluss were present. A similer situation would be amooth
wvater avay from a shore or land after ¢ snowfall. In extreme conditions
of aniseikonia, pilots tend to fly into the ground as the latter

seemed farther awey then it was,

t - ., IR . PN

INCIDENCE AND EFFECT OF ANISEIKONTA bR
ATRCRAFT PILOTAGE o

1
1943 DARTHOUTR EYE INSTITUTE

.

Dart. Eye Inat.,, CAA Tech. Rep. 30, Government Printing Offtce,
Washington, D.C.,-1943. Extract from McFarland, R.A., Human Factors

: in Alr Tragsportation, McGraw-H1ll Book Co. Ioe., New York, 1933.

. .

Two hundred and eighty cadats were given the following tests: (1)
Eikonometer Test; (2) Leafroom Test; (3) Frontal Plane Apparatus
Teat. The apounts of aniseikonia found were very small. No relation-
ship was found between anisecikonia and either: (1) pilot success or
failure to pass course, (2) difficulty in landing. Nesrly all cadets
had lesa thao 1I of eniseikounia. -

‘

1950 BIPPLE, P.H. ANISEIKORIA IN AIR FORCE CADEYS AND ITS

A e S A e o
RELATIONSHIP TO THE HOWARD~DOLMAN D!

Wilson, M.R.
PERCEPTION TEST
8 Bofs. USAP Sch. Avia. Med., Randolph Fleld, Texas.

Proj. No. 21-24~010, August 1950.
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Ho relationship was found.
1967 PITTS, D.C. VISUAL 1LLUSIONS AND AIRCRAFT ACCIDENTS
1951 CIBIS, P.A. THE EFFECT OF RETINAL ILLUMINATION ON VISUAL 101 Refe. USAF Sch. Avia. Med., Brooks AFB, Texas.
PERCEPTION OF SPACE: 1. EXPERIMENTAL STUDIES SAM-TR-67-28, April 1967.

! HELATED TO A SPECIAL TYPE OF ANISEIKONIA .
- : A complete discussion of spatial disorientaticn and autokinetic,

, 62 Refs. USAF Sch. Avia. Med,, Brooke AFB, Texas, , oculogyral, oculogravic and coriolis illusions is given. Proposed
Rep. No. 1, Proj. No. 21-31-011, March 1951, regearch is outlined and recoomendations are given for minimizing
the effects of 1llusions on the pilot. Darkness, inclement
Analysis wao made of a special type cf aniseikonia dus to differences weather and emotional stress factors are discussed.

in vetinal 1ll'mination, the state of refraction or in relaticnal
thréshold of brightness. Spatial distortica and angular disparity
¢ between correlated boundaries of real and apparent patterns increase
as differences in retinal illumination, refraction, and sensitivity
to light increase. Threshold amplitude of depth discrimination 141 . CYCLOTORS IONAL EYE MOVEMENTS
\ remajns counstant.

| 1838 WHEATSTONE, C. CONTRIBUTIONS TO THE PHYSIOLOGY OF VISION
1953 ALTMAN, A. ANISEIKONIA AND THE HOWARD-DOLMAN TEST -
Sloan, L.L. Phil. Trans. R, Soc., 371-394, 1838,
12 Refa. J. Opt. Soc. Amer., §3:473-478, Ro. 6, 1953. -
- 1840 TOURTUAL, J. BERICHT UBER DIR HEISTUNGEN IM GEBIETE DER
See abstract under ‘Depth Perception and Stereopsis. PHYSIOLOGIE DER SINNE, INSBESANDERE DES
BESICHTSSINNES
1953 McFARLAND, R.A. HUMAN FACTORS IN AIR TRANSPORTATION Muller's Arch. Anat. N, Physiol., 56, 1840.
Extensive Refs. McGraw-Hill Book Co. Inc., New York, 1953.
1854 GRAEFE, A, won BBITRAGE 2UR PHYSIOLOGIE UND PATHOLOGIE DER
Page 138, "Present visual aelection procedures (of aviation pilots) SCHIRFEN AUGENMUSKELN
based on high visual acuity, low refractive errore, and good muscle -
balance would tend to eliminate subjects with over 1% of image v. Graefes Arch. Ophthal., 1-28-50, 1854.
disparity. There seems little justification for including tests for
aniseikonia in voutine selection, although they way be useful as
diagnostic messures in examining bordesrline cases.” 1961 AUBERT, H. EINE SCHEINBORE BEDEUTENDE DRERING VON OBJEXTIEN
BEI NEIGUNG DES KOPFES NACH RECHTS ODER LINKS
Also see abstract under Atmospheric Effects.
Virchows Arch., 20.381-393, 1861.

1865 JAVAL, E. DE LA NEUTRALISATION DANS L'ACTE DE LA VISIOR

11. AUTORINESIS

Ann, Oculist, Paris, 54:5-16, 1865.

1962 MILLER, E.F. COMPARISON OF AUTOKINETIC MOVEMENT PERCEIVED

Graybiel, A. BY NORMAL PERSCNS AND DEAF SUBJECTS WITH 1868 MNAGEL, A. UBER DIE VORKOMMEN VON WAHSREN ROLLUNGEN DES
BILATERAL LABYRINTHINE DEFECTS AUGES UM DIE GESICHTSLINIE
10 Refs. Aerospace Med., 33:1077-1080, 1962. : Arch, f. Ophthal., 14:228-246, 1868.

The main conclusion using 9 normal and 9 bilateral lsbyrinthine
defective subjects was that the gensory organs of the ianer enr
are not essential for the perception of autokinetic movement.




1871

1874
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1854

1836

1893
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A, 3, FINDEN RODDREHUNGEN DER AUGEN BEI
Enapp, ¥. SEITWARTSNEIGUNGEN DES KOPFES STATT
Laspps Arch. Augso-Ohrenheilk, 1:232, 1870.
BEIRES, F.C. DIE BEWEGUNGEN DES AUGES, VERANSCHAUBLICHT

DURGH DAS PHANGPHTHALEOTRDP
v. Graefes Arch. Ophthal., 16:134, 1870.

SKREBTTZXY, A. EIN BEITRAC ZUR LEHRZ VON DEN AUGENBEIVEGUNGER

v. Graefes Arch. Ophthal., 17:107, 1871.

WOIBON, M. BEITRAGL ZUR LEHRE VO4 DEN AUGENBEWEGUNGEN
v. Graefes Arch. Ophthal., 17:233, 1871.
ENOER, J. . « . UBER DIE FUNKTIGI DER BOGENGANGE DES
OHRLABRYINTHES
Uedn. Med. Jahrb., 4:72-124, 1874,
M.E. OVERPARALLRL ROLBEWEGILGEN DER OOGEN
Acsd. Proefschrift. Ondersoch. Phyeiol. Laborat te Utrecht.,
3:1682fF, 1874,
ONIRIEAN, N, SUR LE "MOUVEMENT DE POUE' DU GLOBE OCULOIRE

Dalwms, A. SE_PRODUISANT PENDANT L'INCLINATION LATERALE
B e

DB LA

Axrch. Phystol., 6°687-692, 1894.

FERRY. C.H. ROTATION IN OBLIQUR ASTIGMATISM

Ophthal. Rec., 5:175-178, 1895.

RACKL, W.A. UBER KOMPENSATORISCHE RADDREHUNGENDER AUGEN

1. Physiol. Peychol. Simnesorg, 12:331-3564, 1896.

D8 LA ROTATION COMPENSATRICE DE L'OEIL ER CAS
DYINCLINATION X DROIT OU A GOUCHE DE LA TEIE

Arch. Ophthal, Pario, 17:465-474, 1897.

AL, b,

'
ol

]

1897

1900

1915

1924

1926

1928

1928

1929

1930

STEVENS, G.T,

HORIZONTAL MERIDIANS OF THE RETINA . . .

Arch. Ophthal., 26:181-203, 1897.

UBER DIE DER WILKUR ENTZOGENEN FUSEONS

HOPMANN, F.B.
BEWEGUNGERDER AUGER

Bielschowsky, A.

Axch. ges. Physiol., 80.1-40, 1900.

LORING, M.W. AN INVESTIGATION OF THE LAW OF EYE MOVEMENTS

Paychol. Bev., 22:354-370, 1915.

DeX1EYH, A. A METROD OF DETEEMINIRG THE COMPENSATORY
Versteegh, C.

Acta. Oto-laryng (Stockholm), 6:170-174, 1924.
AMES, A. CYCLOPHORIA
Aner, J. Physiol. Opt., 7.3-38, 1926,

BROWN, G.G. PERCEPTION OF DEPTH WITH DISORIENTED VISION

Brit., J. Psychol., 19:117-146, 1928.

KOMPANEJETZ, S. INVESTIGATION OF THE COUNTER-ROLLING OF THE

EYES IN OPTIMUM HEAD POSITIONS

Acta Oto-laryng (Stockholm), 12:332-350, 1928.

NOJL, R, UBER OPTISCH ERZWUNGENE PAALLELE ROLLUNGEN
DER_AUGEN N
v. Graesfes Arch. Ophthal., 122:562-571, 1929.
FISCHER, M.R. MESSENDE UNTERSUCHUNGEN LIBER DIE GEGENROLLUNG

v. Graefee Arch. Ophthal., 123.476-508, 1930,
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1956 ALLES, M.J.

1955

1955

1955

1956

1958

1958

1959
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ELEVATION AND THE SYSTEM OF AXES

Aner. J. Optom., 31:297-307, 1954,

FENDER, D.H. TORSICNAL MOTIONS OF THE EYEBALL .,
Brit. J. Ophthal., 65:65-72, 1955.

ocIE, K.K. STRERQPSIS AND VERTICAL DISPARITY
A.M.A. Arch. Ophthal., $3:495-504, 1955.

QUEREAN, J. ROLLING OF THE EYE ARQWID ITS VERTICAL AXIS

DURING NORMAL OCULAR LOVFHENTS

A.M.A. Arch. Ophthal., 53:807, 1955.

MERTOH, P.A. COMPENSATORY ROLLING MOVEMENTS OF THE EYE

J. Physiol., 132:252, 1956.

WESTEEDER, G,

USSP,
-

THR DEPENDENCE OF CVCLOPHORIA ON CONVERGENCE,

EYR MOVEMENT RESPC'SRS TO CONVERGENCE STIMULL

Btcell, G.
Arch. Ophthal., 55.848-856, 1956.

TAVIES, T. RBCORDING COMPENSATORY ROLLING OF THE EYES
¥erton, P.A.

J. Physiol., 140:27-28, 1956. '
GEAYBIEL, A. A NEW_AND OBJECTIVE METHOD FOR MEASURING

Toellner, R.C. OCULAR TORSIGN

Amex. J. Ophthal., 47.349, 1958.

SRER, W.T. a_cuf TECHNIQUE POR IRASUREMENT OF EYE
Joaes, G.M. MOVEMENTS IN A DYNAMIC ENVIRONMENT

J. Physiol., 150 2-3, 1939.

s

1959

1960

1960

1960

1962

1962

1962

1963
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WOELIMER, R.C.
Graybiel, R,

COUNTRR-ROLLING OF THE EYRS AND ITS DEPENDENCR
O THE MAGNITUDE OF GRAVITATIONAL OR INERTIAL
FORCE ACTING LATERALLY ON THE BODY

J. Appl. Phyeiol., 14:632-634, 1959.

GRERENBURG, G. VISUAL INDUCTION OF EYE TORSION, AS MEASURED

WITH AN AFTER-IMAGE TECHNIQUE, IN RELATION
TO VISUAL PERCEPTION OF THE VERTICAL

Ph. D. Dissertstion, Duke University, 1960.

W0 _STERROSCOPIC MRASURRS OF CYCLOTORSIOHN OF
THE EYES

HABKER, G.S.

dmer. J. Opt., 49:461-473, 1960.

ARALYSIS OF EYE MOVEMENTS DURING MONOCULAR

AND BINOCULAR F1XATION

KRAUSKOPF, J.
Cornswest, T.H.

Riggs, L.A.
J. Opt. Soc. Amer., 30:572-578, 1960.

COUNTER-ROLLING OF THE HUMAN EYES PRODUCED
BY HEAD TILT WITH RESPECT TO GRAVITY

MILLER, E.F.

Acto Oto-laryng. (Stockholm), 54:479-501, 1962,

See abstract under Illusions and Visual Perception: Gravitational
and Vestibular Effects. . :

swﬁsx, H. , UBER DEN EBINFLUSS DER SCHWERKROFT AUF DIE
AUGENROLLUNG UND AUF DIR WAHRNEHMUNG DER
LAGE IM RADM
&4 4
Z. vergl. Physiol., 46:57-87, 1962.
WALLAGH, H. O THE DEFINITION OF BINOCULAR DISPARITY

Lindaver, J.
Paychol. Beit., 6:521, 1962.

HOWARD, 1.P. THE MEASUREMENT OF EYE TORSION
Evans, J.A. -

Visiom Res., 31447-455, 1963,
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HOWARD, I.P.

VISUALLY-INDUCED EVE TORSION AND TILT
Templeton, W.B.

ADAPTATION
Vision Res., 4:433-437, 1964,

KAUPMAN, L, ON _THE NATURE OF BINOCULAR DISPARITY

Amer. J. Paychol., 77:393-402, 1964.

THE FORMATION AND TRANSPORMATION OF THE
PERCEPTUAL WORLD

KOHLER, I.
- Peychol. Issuas 3, (Mono 12), 1964.

THRE EFFECT OF ROTATION AND TILT ON THE
MAGNITUDE OF THE POGGENDORF ILLUSION

LEIBOWITE, H.
Toffey, S.

Vision Res., 6:101-103, 1964.

LISTING'S LAW AND THE ROLLING COMPONENT OF
THE MOVEMERTS OF THE EYE

RYDBERG, E,

Acta. Ophthal. (Copenhagen), 42:634-650, 1964.

HILLBR. B.F. OTOLITH ORGAN ACTIVITY WITHIN EARTH STANDARD,
Graybiel, A.

Kellogg, R.S.

Aorospace Medicine, 37.399-403, 1966

STBREOSCOPIC DEPTH ASSOCIATED WITH CYCLO-
TORTIONAL EYE MOVEMENTS

ADAMS, A.J.
Levens, J.R.

Brit. J. Phyeiol. Optics, 24 217-220, 1967.

See abatract under Depth Perception and Stereopsis.

ALLEN, M.J. THE TORSION COMPONENT OF THE NEAR REFLEX

Carter, J.H.

Aaer. J. Optom., 44 343-349, 1967.

BUGELSKI, B.R. TRAPFIC SIGNALS AND DEPTH PERCEPTION

Sclence, 187-14b4, 1967,

ONE-HALF STANDARD AND ZERO GRAVITY ENVIRONMENTS

1968

1968

1968

1968

1368

1919

1946
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DIEXER, P. REGISTRATION OF CIRCULAR RYE MOVEMENTS
Ber Deutach Ophthal. Ges., 68:477-479, 1968.

FRY, G.A. NOMOCRAMS FOR TORSIQON AND DIRECTION OF RRCARD
Amer. J. Optom., 45.631-641, 1968.

JANEKE, J.B. BARBECUE ROTATION IN COMBINATION WITH

SINUSOIDAL ROTATION ABOUT A VERTICAL AXIS

Acta Oto-laryng (Stockholm), 65:244-250, 1968. ’

OEKADA, H, A VERGENCE TEST, ESPECIALLY ON ABNORMAL
TORSIONAL EYE MOVEMENTS
Polia. Ophthal. JAP, 19/6, (Pp. 715-723), 1968.
gUiRE. M.A. PSEUDO-TORSION OF OBLIQUE MOVEMENTS
et, al.
Bull. Soc. Ophthal. Pranc., 68.945-949, December 1968.
iv, GRAVITATIONAL AND VESTIBULAR EFFECTS
MURPHY, W.E. OBSERRVATIONS DURING BXAMINATIONS OF CANDIDATUS

POR THE AVIATION SERVICE

No Refs. Ohio State Med. J., 15:631-636, 1919,

The examination consisted almost entirely of studying the "sense of
equilibriun” of the candidates, as this vas believed to be the only
egsential requirement for a pilot. No quantitative visual standards
were in force.

YHE ROLE OF VESTIBULAR NYSTAGMUS IN THE VISUAL

GRAYBIEL, A.
PRRCEPTION OF A MOVINC TARGET IN THE DARK

Clark, B.
Hwp, D.I1.
MacCorquodale, K.

10 Refs. Navy Sch., Avia. Mad., Pensacola, Florida.
Proj. No. X-148(Av-V4-3), January 1946.

Six subjectos reported their visual impresoione both during and
following rotation while obeerving a moving target in the dark and
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in @ lighted room. The target counter-rotates illusorily on
rotation of the subject during sccsleration and deceleration in
the dark. The phenomenon did not occur in tha lighted room.

THE ILLUSORY PERCEPTIC OF MOVEMERT CAUSED BY
ASGULAR_ACCELERATION AND BY CENTRIFUGAL FORCE
DURING FLIGHT: IX. VISUALLY PERCEIVED MOVEMENT
OF A PIXED TARGET DURING TURNS

1946 CLAKK, B,
Graybiel, A.
MacCorquodale, K.

‘ 11 Refa. U.S. Naval Sch, Avia, !zd., Pcosscola, FPlorida.
Proj. Ro. X-148(Av-4-3), Rep. Bo. B, May 1946,

RMasults show illusions of motion and displaccment may occur during
all degrees of bank from 10° to 60°, and alvays occurred during

banks of 40° end above. There 1s o dircct rclaticaship between the
degree of bank and awount of motion gnd dicplacctent cbaerved; the
waximun observed displacemcnt of the target fvenm the "truc' position
vas 50°. All displacements were observed in or close to the vertiesl
plane, vhereas motion was not only upvard snd downward, but to the
right and left.

1946 CLARK, B.
Graybiel, A.
MacCorquodale, K.

THE ILLUSORY PERCEPTION OF MOVERMENT CAUSED BY
AEGULAR_ACCELERATIGH (D BY CENTRIFUGAL FORCE
DURING PLIGHT: T11. HABITUATION AND TECHNIQUE
OF ASSUMING THE_TUK:! AS FACTORS IN YLLUSORY
PERCEPTION

~

9 Refs. U.S. Naval Sch. Avia. Med., Pensacola, Florida.
Proj. No. X-148(Av-4-3), Rep. No. 11, July 1946.

No evidence of difference in 1llusory percoptfcne was found for
differsnt types of banking. Habituaticn did rot occur.

1949 BROWR, R.H. THE RELATIONSHIP BETWLEN APPARENT DISPLACEMENT
Hiven, J.I. AND MOTION IN THE OCULOGYRAL ILLUSION

2 Refs. U.S. Naval Sch. Avia. Med., Tulspe Uaiv.
Proj. No. NM GOl 037, Joint Rep. No. 1, May 1949.

Twelve subjects were each placed in a Link Trainer at 26 r.p.o. for
one minute. The subjects head vas maintaincd at a fixed 15° forward
inclination. In genersl, the tsrget was obocarved as displaced and
slvays in the direction of apparent movement. There were, howover,
large individusl differences in reports of c-ount asnd duration of
spparent displacement. For those who experienced appareat displaca-
wsant of the target, the illusion persisted briefly after the apporemt
wotion had ceased. Correlations of indepeniontly observed anystogmus
was related to both. Ths relationship was carc sigunificant to cotica
than displacamnt.

- 69 ~

THE DELAY IN VISUAL ORIENTATION FOLLOWING
EXPGSURE TO A CHANGE IN DIRECTION OF RESULTANT
TORCE ON A HUMAN CENTRIFUGE N

1949 GRAYBIEL, A,
Brown, R.H.

&4 Refs. VU.S. Naval Sch. Avia. Med., Tulane Univ. Joint Rep.
Proj. No. KM 001 037, Joint Rep. No. 3, 1949,

Three subjects ware exp d on the h centrifuge to a change in
direction of resultant G relative to the body axis. Under the
conditions of the experiment, a horizontal line appeared to rotate
“through an angle corresponding to the change {n direction of the
resultant force. The subjects task was to keep the line horizontal
at all times. A marked discrepancy was noted betwveen the time required
to impress the physical force and the period during which he fomd

it necessary to make adjustmente in keeping the line horigontal.

This 1s explained as a oaasure in the delay in the subject's visual
reorientation to & change in direction of the resultant G, possibly
due to characteristics of the otoliths. This is important in
aviation s the full disorienting effects of a change in direction
of the resultant G relative to the body axis will not become manifest
1f c¢he exposure time is short.

1949 MANN, C.M. THE PERCEPTIGN OF THR POSTURAL VERTICAL: 1II.
Berty, H.H. VISUAL FACTORS

14 Refs. U.S, Naval Sch. Avia. Med., Tulane Univ. Proj. No. NR 140-455,
KM 001 037, Joint Rep. No. 1, June 1949.

There vas no significant difference in the precision of the individuals
judgement of the visual vertical and the visuval horizontal. The mean
errors mnd variability of judgement are significantly increased when

a soft padded seat i3 substituted for & hard seat. The moan error

end variability of judgements of the visual horizontal are sigoificantly
greater vhen the individual is in a position of tilt than when he

makes the judgement from a vertical position.

THR PERCEPTION OF THE VERTICAL: II1. THE
VISUAL VERTICAL AS A FUNCTION OF CENTRIFUCAL
AND GRAVITATIONAL FORCES

1949 NOBLE, C.E.

32 Refs. U.S. Naval Sch. Avia. Med., Tulane Univ. NR 140-455,
Proj. No. NM 001 037, Joiot Rep. No. 7, September 1949.

Three subjects toock part in a variety of experiments in s huran
centrifuge provided with blsckout arrsngements and electrical deviees
for recording the angle of resultant force and the subjects deter-
minstions of the visual vertical. Results scenm to substantiate
Mach's hypothesis that subjects adjust the visual vertical as the
resultant of the cantrifugal sad gravitational forces.
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1949 PASSEY, G.E. THE PBRCEPTION OF THE VERTICAL VI. ADJUSTMENT

TO THE VERTICAL WITH NORMAL AND TILTED VISUAL
FRAMES OF REFERENCE

6 Refs. U.S. Naval Sch. Avia, Med., Pensacols, Florida, Tulsne Univ.
Proj. No. NM 001 037, Joiat Rep. No. 10, November 1949.

Five subjects were required to adjust themselves to a verticsl
position in the presence of a visual frame of reference which was
presented in alignment with gravitational vertical, and positions
dtvergent from gravitational vertical. The relationships of findinge
to the theory of Koffka and others was diccussed.

THE PERCEPTION OF THE VERTICAL: VII. EFFECT OF

1950 MANN, C.MW.
sabler, R.K. VARYING INTERVALS OF DELAY IN A TILTED POSITION
Passey, G.E. UPON_THE PERCEPTION OF THE POSTURAL VERTICAL

6 Refs. U.S. Naval Sch. Avia. Med., Pensacola, Florida, Tulane Univ.
Proj. No. NM 001 063,01.12, Joiat Rep. No. 8, January 1950.

After a 60 second exposure to tilt, there was a statistically signif-
feant increase in the average error of adjustment to the gravitational
wertical. Also, a greater number of errors were made in the direction
of the initial tilt. Twelve subjects were subjected to 453° tilts in
either quadrant in a lateral plame for 0, 15, 30 and 45 eeconds.

With increased time of tilt there wvas an increase in the constant
eaxxor in the direction of the initial tilt, but there was no increase
in the variasbility of the data for average error, coastant error,

or nuzber of errors in the directiom of the initial tile.

INFLUENCE OF VISUAL STIMULATION ON HABITUATION

1950 BROM, R.H
TO_ROTATION

Guedry, F.E., Jr.

12 Refs. U.S. Naval Sch. Avia. Med., Pensacols Florida, Tulane Univ,
Proj. No. NM 001 063.01.11 (formerly NM 001 037), Joint Rep. No. 1l,
Januvary 1950.

4n investigation of habituation to rotation was made under three
different conditicas of stimulation. (Habituation to rotation =
decrement in duration of post-rotational apparent motion of visual
cbjects with repested rotation.) Three groups of 12 subjects vere
exposed to identical conditions of rotation and vieual stimulation
an certain trials in a series of 20 rotational trials. The groups
were compared on the basis of these only. Hence the treatment of
each group was uzique only with respect to trials interpolated

b thase rigon trisls. Intergroup differences in stimulating
canditions on these {otarpolated trisls consisted of variations 1n
the amount and nature of visual stimulation present to allow visual
fixation of a target light. Whereas one group vhich had very licele
opportunity for fixation of the target during the 20 trials did not
axhibit habitustion, the others, with grester ocpportunity for visual
fixation, did exhibit habituation.

-71 -

1951 RAY, J.T.
Niven, J.I1.

THE PERCEPTION OF THE VERTICAL: XI1I. THE
POINT OF SHIFT FROM VISUAL TO POSTURAL FRAMES
OF BRFEBENCE

5 Refs. U.S5. Nav. Sch. Avia, Med., Pensacola, Florida, Tulane Univ.
Joiat Rep. No, 21, February 1951,

The velative importance of visual and postural factors in the judge-
mant of the vertical is discussed. Four subjects, each making 195
Judgements were used. The postural vertical did not differ signif-
icantly with the true gravitational vertical under any condition.

The judged vertical deviated tncreasingly from the true gravitationmal
vertical as target diaplacement from its true position was increased, -

1952 PHYSICS_AND PSYCHOPHYSICS OF WEIGHTLESSNESS

VISUAL PERCEPTION

GERATHEWQHL, S.J.

69 Refs. J. Avia. Med., 23:373-397, 1952.

The paper predicts theorstical conclusions concerning cthe interaction
of proprioceptive and vigual senees under conditicns of subgravity
and zero gravity. It ia shown how the predictions geem to have been
borne out.

1952 BORING, R.O.

2 THE EFFECT OF VISUAL STIMULUS VARIABLES UPON

THE PERCEPTION OF THE VISUAL VERTICAL

4 Refs. U.S. Naval Sch. Avia, Med., Pensacola, Florida, Tulane Univ,
Proj. No. NM 001 063.01, Joint Rep. No. 28, August 1952.

The paper is concerned with s suggestion by J.J. Gibson that when
main lines of the visual fleld are parallel to the direction of the
gravitational force, even though the head or body is tilted, there
will be a consistancy between visual and proprioceptive cues which
ylelds an invariant Yesultant. When, however, the visual field is
tilted relative to gravitational vertical, judgements of the latter
will be less precise and more variasble. The experimental results
in this paper do not support this theory.

1952 CLABK, B.
Graybiel, A.

ILLUSORY PERCEPTION OF ROTATION FOLLOWING
CONSTANT TURNS IN A LINK TRAJNER

8 Refs. U.S. Naval Sch. Avia. Med., Pensacola, Florida.
Proj. No. NM 001 059.01.31, August 1952,

The illusory perception of rotation was studied in & modified Link
Trainer using 31 flight students as subjects. The duration of the
1llusory effects following rotation increased sharply as the period

of constant rotaticn increassd up to 30 seconds and thereafter increased
olowly to 2 minutes. The implications of the results are discussed.




1952 GRAYBIEL, A.

1954 COCHRAN, L.B.

1956 WHITE, W.J.

1958

BROWH, J.L.
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OCULOGRAVIC ILLUSION

11 Rafs. A.M.A. Archives of Ophthal., 48 605-615, 1952,
A general investigation including some results with after-images
and effecte of body position. It was foind that the important
varisbles determining the appesrance of tho illusion wvere:

1. the pattern of centripetal acceleration.

2. the position of the subject.

3. The visual framawork.

VARIATION IN HUMAN G TOLERANCE DUE TO
POSITIVE ACCELERATION

Gard, P.W.
Northsworthy, ti.E.

U.S. Nav. Sch. Avia. Med., Pansacola, Florido. Rep. No.
001 059.02.10, 1954.
The report concerns the determination of G tolerance levals with
regards To loss of paripberal viesion, dlackect end wmceonsciousness.
One thousand subjects, seated in an upright position, were used to
establish the following thresholds:

4.1 + 0.7 G —- loss of periphersl viocica

4.7 + 0.8 G — visual blackout

5.4 + 0.9 G — unconstiousness
Similar visual sympteoms do not occur &s readily with transverse,
i.e. back to chest, G forces until over 12 G. (Raf: Gauer, O. and
S. Ruff, Die ertraglichkeitsgrenzen fur flicil.xofte inm richtung
ruckenbrust, Luftfahrtmedizin, 3:225~230, 1939.

THE EFFECTS OF GRAVITATIONAL STRESS UPON

Jorve, W.R. VISUAL ACUITY
25 Refs. Aero. Med. Lsb., Wright-Patterecon ALB, Ohio.

Rap. No. 56~247, ASTIA Doc. No, AD 110444, Noverber 1956.

A detormination of the relationship betwesn increased gravitational
force snd visual aculty wvas made when the foctor of reduced cerebral
circulation 18 mininized by the use of protective measures knowm

to ameliorate the gross visual syzptoms assscisted with gravitational
stress. It was found that gravitationsl strass has a significant

snd progressive effect on visual acuity. [n hypothesis is advanced
to sccount for this obsarvation.

EFPFECT OF POSITIVE ACCELERATION ON VISUAL

Burka, B.E. REACTION TIME
12 Refs. J. of Avia. Med., 29:48-38, 1958.

The build-up and decay of acceleration follmzd e sinusoidsl function.
The reaction time was prolonged by the actica of zcceleration on the
visusl systam.

-7 -

1958 WHITE, W.J. ACCELERATION AND VISION

52 Refa. Aevo. Msd. Lab., Wright-Patterson AFB, Ohio, WADC Tech.
Rap. No. 58-333, ASTIA Doc. No. AD 208147, Novexmber 1958.

A review and evaluation of research pertaining to the effecte of
acceleration on human vision, including an axtensive bibliography.

1960 WHIIE, W.J. VARIATIONS IN ABSOLUTE VISUAL THEESROLDS

TDURING ACCELEEATION STRESS

9 Refs.
No. 7222,

Wright Air Dev. Div., Wright-Pstterson AFB, Ohio. Proj.
Taak No. 71712, WADD Tech. Rep. No. 60-34, April 1960.

Measuremsmts were made of the absolute threshold of foveal (cone)
and peripheral (rod) vision within the range of 1-4 G. Dialocation
of the visusl function was studied selectively by the uwse of anti-G
suits. It was concludad thet:

1. Acceleration lavels of 3-4 G approximately double and triple
foveal thresholds raspectively.

2. Tbreshold lesvels in peripheral vision triple at 3 G and quadruple
at 4 G,

3. A rise in threshold (declins in sensftivity) was found with
repeated axposurs to acceleration, the rise being smaller than
that associated with the acceleration.

4. The rise in scceleration in peripheral thresholds is, in part,
compensated for by enti-G suits.

1961 PIGG, L.D. THR EFPECT OF TRANSIENT WEIGHTLESSNESS ON -

Kama, W.N. VISUAL ACUITY
4 Refe. Aero. Med. Lab., Wright-Patterson AFB, Ohio. WADD Tech.

The visual acuity vas neasured of subjects wvhile exposed to short
pariods of weightlessness shoard an aircraft flown through "zero-G" ~
trajectories involving transition from 1 G to 2 1/2 G to zaro-G.

. Monocular and binocular acuity of far and near vision were messured
oo both Snellen and chequerboard targets. Control measurements were
made on the ground and in flight s 1 ¢ in a counterbalanced sequence
with the zero-G massurements. The results show that the weightless
environpent produced for this study has a detrimental effect on
visual acuity as measured. Ths decrement is not considered to have
a practical significance, the loss of visual acuity of zero~G was
62 in flight. Compared with laboratory tests it was 10X.

l ¢ Rep. No. 61-184, Proj. No. 7184, Task. No. 71586, March 1961.
l
I

1962 MILLER, B.F. COUNTER-ROLLING OF THE HUMAN EYES PRODUCED

BY HEAD TILY WITE RBSPECT TO GRAVITY

29 Refs. Acta Oto-laryng., 54:479-501, 1962.
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A method 18 described to measure compensatory torsion to within of the E-phenomenon.) The responses vere bilaterally symmecrical.

+ 5.3 minutes of an arc. Torsiocnal eye movements, compensatory to

head tilt, were found in all planes except the sagittal. Counter- 1966 MILLE MAGN
rolling was alvays opposite to the lateral component of head tilt, m—::lL:' .I_NDJlEE__QP GRAVITOIHERTIAL FORCE: AN
end increased up to a maximum for head inclination of 60-90°, being v o MM‘M
zero vhen the hoad is vertically down, No relationship was found ! OF THE HORIEONTAL
betveen the amount of counter-rotation and the order in which the '
moasurements were made. A theory is advanced to account for the 25 Refa. J. Exptl. Poych., 71 452-460, 1966.
findings,
8! The direction of gravitoinertial foxce, i.e. resultant of gravita-
:1ona} and induced centripetal force vectors, was held congtant
1962 HAMMER, L.R. PERCRPTION OF THE VISUAL VERTICAL UNIER unile the magnitude of force varied 1-2 G. The effect of the
— REMICED CRAVITY egocencric localization of the horizontal was measured in 8 normal

REDUCED GRAVITY
and 2 labyrinthine defective subjects. The egocentric visual

localization of the horizcatal deviated from

gravitoinertial
horizontal as a function of gravictoinertial force; it increased with
the amount of boedy tilt from its alignment with the resultant force.

~

31 Raefs. Aero. Med. Res. Lab., Wright-Patterson AFB, Ohio.
Proj. No. MRL~TDR-62-55, May 1962.

Normal subjects manifested increasi t E~ph
Judgements of the vertical were made in an unstructured visual field a0ing ts of E-p H
while in flight and under 4 levels of gravity ranging from 1-4 G. daf:;uv“ varied from A to E. Roles of otolithic and nemotolithie
gravireceptor cues in visual localieation iy absence of empirical

Sixteen gubjects made 6 judgements fn each of & G conditions. A 1.8°
error at 1 G was found to increase to 3.5° at sero-G. Conditions
sssociated with inflight research were discussed, and suggestions

vigual cues are discussed.

for future research were presented. _1967 GRAYBIEL. A. VESTIB EXPERIMENTS 1N 1 FurGHT v
et. al. AND VvIT
1963 WBITE, W.J. VISION AND UNUSUAL GRAVITATIONAL FORCES 3
Moaty, R.A. —— 3 Refs. Aerospace Med., 38.360-370, 1967.

Betematun fate. s Passor, 3°29-263, 196 e g e s e A R

The paper gives a review and evaluation of research and observation, :::kd:“ld ;L;::“;;:‘;o ::":-;;‘:::c:::eg::: both pre-, post-

the major topics being increased G and null gravity. The operational of accurtmsacy in the settings made euggesting t:‘;t':seth:i::\gh degree

exparience of astronsuts is {ncluded, and the techniques for mini- function the cantral mervous syazm L1 mﬂlntalnsva:curatou:iocoinh

aizing wndesireble offects are summarized. direction of space. No significant differences between pmf m:ua
post-flight responses were found.

1965 MILLSR, E.F. VISUAL LOCALIZATION OF THE MORIZONTAL AS
Pregly, A.R. A FIRNCTION OF BODY TILT UP TO & 90° FROM 1967 PITTS. D.G.
Grayblel, A. GRAVITATIONAL VERTICAL (FHIS, DG VISUAL ILLUSIONS AND ATRCRAFT ACCILDENTS
v dem Brink, G. ég’l'_ﬁfz; USAF Sch. of Avia. Med., Brooks AFB, Texas.
35 Refs. U.S. Nav. Sch. Avia. Mad., NSAM-942, NASA Order No. R-47, ~67-28, April 1967.
August 1965. See abstract under 1llusions and Visual Perception: Autokinesis.

The visual horisontal was determined for 3 sophisticated subjects
tilted laterslly in 10* intervals within + 90° from the gravitational
vertical. The deviation at 10-20° either side of vertical vas not
significant from that of upright. Inclinations beyond this caused
the E-ph to appear and increase bilaterally to maximum

sbout the 40~50° position. (The E-phenomenon is the tendancy of the
apparent visual horfson to incline in the same direction as the

body tilt,) With furthsr inclination the deviation was found to
revarse direction and passed through the position of zero deviation
(60-80°) to grow as the A-phencmenon. (The latter is the opposite
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v, NIGHT MYOPIA, SPACE MYOPIA AND CANZFELD

1951 KOGMEM, M.
' Secolnik, R.
Tousey, R.

A STUDY OF NIGHT MYOPIA

25 Refs. J. Opt. Soc., Amer., 41-80-90, 1951.

High contrast grating test cbjects vare used. At the lowest
luminances, myopis of 1.5-2.0 D wes apparant. Night wyopia appeared
when accoumodation was prevented by an optical method end when
accommodation vas paralysed with homatropine. It was concluded

that accoamodation is not a significant cause of night myopia. Other
tests shov that night myopia {s primarily a result of uncorrected
spherical aberration of the eye. A reviev of the literature on
explanations of night myopia is included undor the headings:
chromatic aberration, spherical aberrstion, accommodation, dark
adaptation, extra~axisl imagery amd other theories.

1955 CHIN, R.B. INPRARED SKIASCOPIC MEASUREMENTS OF REFRACTIVE
Homn, R.E. CHANGES IN DIM ILLUMINAQYON AND IN DARKNESS

7 Refs. Aero. Med. Res. Laba., Wright-Patterson, AFB, Chio. WADC
Tech. Rote 55-479, Proj. No. 7157, Task llo. 71808, August 1955.

A brief review of the literature on night wmyopia and empty fisld
oyopia and the disagreement over their csuses is preaented. Messure-
! ments of the refractive state of the eye in reduced illumination and
darkness vers made using sn infrared skisscope. Half tha subjects

! showsd an incresss in the refractive state of the eye as the 1llum-
ination decreased. The contribution of accoczivdation to the night
myopis measured was generslly small. In cowplete darkness all
subjects showed varying degrees of dative sp

1958 MILLER, J.V. VISUAL DETECTION IN A UNIFORMLY LUMINOUS
Ludvigh, E. FIELD

S Refs. J. Avia. Med., 29:603-608, 1958.

The apparatus overcooese the difficulties of other methods of investi-
gation of the Ganzfeld, aspecially those concorned with the extent
of the visual field. The targets were moved over a wide range of
angular velocicies. Target aquisition was investigated g¢s a function
of sise and location of the target. Targets 10-15 times above
threshold disappear. An experiment is given to show that this
phenomsnon is not associated with accanmodation fluctuatioms.

VISION IN AN EMPTY VISUAL FIELD

1960 TEN DOESSCHATE, C.
Ophthelmologica, 140 322-332, 1960.

. = o wm————

-7 -

A survay of the litersture is given eand then a summary of the
conclusions of & paper in Aeromedica, Vol. VI, 9-68, 1958:

1. Most young psople accommodate 0.25-1.75 D 1in an empty
visual field.

2, Some young people showed equal accommodation when the
extension of the empty visual field was 20° or over 180°.

3. Sare young psople showed equal dation when {llumination
of the empty visual field 1s 1.2 or 500 lux.

4. A vindov fraune or dashboard did not produce any stimulation
to accommodation.

5. When colored filters are used to look at an empty visual
field, chroma perception diminishes and is often followed by
perception of dark grey or even blackness,

1961 BROWN, J.L. SENSORY AND PERCEPTUAL PROBLEMS IN SPACE

FLIGHT

51 Refs. Reprinted from, "Phyasiological Problems in Space Flight",
Charles C. Thomas, 1961.

A general review of the problems of space flight 1s given. Space
myopis should not be & problem as the stars will be an adequate
stimulus for accommodation.

Also see abstract under Space Flight, Including Reconnaissance and
Surveillance.

1961 LUDVIGH, E. THE PERCEPTION OF MOVEMERT PERSISTANCE TN
MWiller, J.V. THE GANZFELD -

9 Befs. J. Opt. Soc. Amer., 51:57-60, 1961,

The subjects obgerved movement of a single, black, aspherical stimulus
in a Gansfeld and reported when the movement stopped. Tima between
real and apparant cessation vas called the "time delay”., The following
formuls was proposed:

1
. te 4 — vhere ¢t = time delay
a r = reaction time
a = constant of inverse
proportionality

v = valocity

A stimulus traveling at high speed for relatively long periods
produces greatar perception of velocity than one slower and parceived
for a shorter length of time. This is because if the forwer ie
auddenly atopped, the contrast is more obvious.

1962 HEATH, G.G. THE TIME COURSE OF NIGHT AND SPACE MYOPIA

16 Bafs. Aero. Mad. Div., Aero. Med. Bes. Labs,, Wright-Patteraon
AFB, Ohio. Rep. No. AMRL-TDR-62-80, August 1962.
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The refractive state of the human eye was messured over periods up

to & hours in total darkness and in sn empty, lighted visual field,
using a subjective optomater, an infrared retinoscope, and infrared
automatic recording optometer and white light, and infrared photography
of the third Purkinje image. Under both viewing conditions, the
measuremente showed a continuously varying relative myopis produced
by dative changes, which tended to increase during 3-5 minutes,
thereafter with continuous, irregular, rapid fluctuations of as much
.. as 0.75 D, occasional spontaneocus changes of the predominant lewvel

by a9 much as 1.00 D and alow drifts of up to 1,50 D over periods of
up to 2 minutes. This highly dynamic accommodative activity in an
empty visual field contrasts with previous cacepta of a pasasive and
relatively fixed “resting state' of accommodation under such
conditions, Factors influcncing this accommodative activity were
also astudied.

{
{
t
f

1962 THE PROBLEMS OF MOTION PERCEPTION AND

MILLER, J.W.

Hall, R.J. ' ORIENTATION IN THE GANZFELD
12 Refa. Arund Forces-NBC Committee on Vieion, Visual Problems of

the Armed Forces, Washingten, D.C., 1962.

The same apparatus is used as Miller and Ludvigh used in 1958, (See
this section.) A distinction between the Ganzfeld and absolute dark-
ness is drewvn. Results indicate there are marked individual biages
vhether ths parceived center appears to the right or left of the true
center. Most subjects reported they fixated on a point in space they
thought was canter and moved the target to the point. The subjects
aloo resorted to orientation cues from different parts of their bodies
as well as any proprioceptive cues from the extraocular muscles, It
seems that a subject can detect a 2-3° wovement from "scmething”.

1962 THE ELECTROPHYSICAL CORRELATES OF VISION IN

A UNIFORM VISUAL FIELD

TEPAS, D.1.

4 Refs. Arwed Forces-NRC Committee on Vision, Visual Problems of
the Armed Porces, Weshington, D.C., 1962,

The hypothegis that high alpha activity is an importmmt indicant
of blackout susceptibility is not strongly supported.

vi  ROLE OF INSTRUCTIGN

1952 BORING, R.O. THE ROLE OF INSTRUCTION I EXPERIMENTAL SPACE

Mann, C.W. PBRCEPTION
6 Refs. USN Sch. Avia. Med., Tulane Univ. Proj. No. KM 001 063.01,

Joiat Rep. No. 30, September 1952.

PR ST
N T
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Two groups of four subjects set & lumineaceat rod to “vertical

during exposure to visual framaworks which were sometimes tilted

and sometimes upright. One group was given careful instructions as
to definition of "vertical”, and the others were eimply told to

set to vertical. The constant and average errors by the naive

group vere consiatantly larger than those of the sophisticated group.
It was concluded that a number of criteria of verticality are
possible in the relatively simple experimental situation and differemt
criteria may be selected by different subjects. .




Yok

1946

1957

1961

KIII. NYSTAGNUS

GRAYBIEL, A. THE ROLE OF VESTIBUTAR NYSTAGMUS IN THE VISUAL
CE:E, B. PERCEPTION OF A MOVING TARGET IN THE DARK
Hupp, D.1.

MacCorquodale, K.

10 Refs. Havy Sch. Avis. Mad., Pensmacola, Florida,
X-148(Av-Vé4~3), January 1946.

Proj. No.

See sbatract under Illusiocas end Visual Perception® Gravitational

snd Vestibular Effects.

ADES, H.W. NYSTACGMUS ELICITED BY HIGH INTENSITY SOUND
Graybiel, A.

Morill, S.N.

Torhurat, G.C.

Niven, J.

6 Refs. U.8. Navy Sch. Avia. Med., Pensacola, Plorida. Joint
Proj. No. NM 130 199, Subtask No. 2, Rep. No. 6, February 1957.

In order to study some of the extra-auditory cffocts of loud noise,
deaf subjects were stimulated by high intensity sound, both pure

tone of aeveral frequencies (100-3,000 cycleo por sec.) and wide

band noisc. In those showing positive responso to vestibular
stimulaticn in one or wmore of the stendard tcsts, nystagmus was a
regular cousequence when the noise vas of a cufficiently high
intensity. Curves are shown, comprising the thresholds at 6
frequencies of pure tone and for the noise of a jot engine, Dizziness
and appsrent movement in the visusl field ulre im some cases regular
concomitants of nystagmus.

SCHUMANN, W.P. VISUAL ACUITY AND OXTQIINETIC NYSTAGMUS

10 Refs. /oer. J. Opt. & Arch. Amer. Acad. Ope., 38:646-634, 1961.

The paper zives a good review of the topic. It includes inversion,
i{.e. reversal of the movements, Goldmann oyo pendulum, and the
Guanther mathod. Tha Goldmsnn eye pendulum is probably the most
accurate cdjective mathod.
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AIV. OCULAR NUSCLE BALANCE

1919 CAMPBELL, K. HETEROPHORTA WITH SPECIAL REFERENCE TO FLYING
ps s TELIN ———— e 2R, RETRRNE 10 FLYING

No Refs. The Madical Press, Pp. 25-27, January 8, 1919,

The article suggests that & certain number of bad landings may be
attributed to heterophoria. Tests for hetercphoria are discussed,
togather with prismatic treatment of any deviations.

1919 HOWARD, H.J.

N A TEST FOR THE JUDGEMENT OF DISTANCE

ettt e Pt it e S o S S MDY

1 Bef. Amar. J. Opthal., 2:656-675, 1919.

Coe hundred and six subjects were used. The best performers with
the apparatus had either no muscle imbalance or esophoria, none
bad exophoria.

Also see abstract under Depth Perception and Stereopsis.

1923 BERENS, C.

THE EVE IN AVIATION: SOME EXPERIENCES IN THE
WORK OF THE DEPARTMENT OF OPKTHALMOLOGY,
MEDICAL_RESEARGH_LABORATORY, THIRD AVIATION

INSTRUCTION CENTER, A.E.F., FRANCE

Extensive Refs. Mil. Surgeon, 52.35-48, 1923,
The article clains to contain a complete bibliography. The present
stendards (1923) ave given in which, ". . . 1t seems that the

converging power should never be lese than double the diverging
power at all distances.”

Also see abstract under Visual Standards.

1923 LANCET OPHTHALMOLOGY IN RELATION TO THE NAVY, ARMY
AND AIR FORCE
No Befs. Lancet, Pp. 510-518, September 28, 1923,

It 1 stated in the symposium that in the First World War an exophoria
of 2 1/2 dagrees or esophoria of 1 1/2 degreas vas unsatisfactory,
In the discussion, J.F. Carruthers said he could substantiate what

Clements had found with raspect to orthoptics greatly helping bad
landers,
z

1923 BRITISH JOURNAL OF SECTLON OF OPHTHALMOLOGY. DISCUSSION ON
OPHTHALMOLOGY OP!

HTHALMOLOGY IN ITS RELATION TO THE NAVY,
ARMY AND AIR FORCE

I

1 Ref. Brit. J. Ophthal., 2 654-658, 1923.




1925 CLEMENTS, E.C.

1927 Lov, AN

1930 THORNE, F.H.
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It 1s stated that 1/2° of esophoria or exophories at distance with
the red-green test 1s “not coneidered good". The paper is an
example of collective opinion rather than experimental results.

Algo pee agbstract under Flash Dlindness, Clare and Radiation Effects.

VISUAL PROBLEMS IN REGARD TO FLYING AND
INDUSTRIAL FATIGUE FROM A SERVICE STANDPOINT

No Refs. Proec. Roy. Soc. Med., 19:15-23, 1925.

An investigation, "revealed that betweem 75% and 80X of the flying
accidents sent to the hospital from neighboring training schools
wore the result of unsuccessful attempts at landing”. The author
delineates the visual requirements as to whether a candidate will
be 8 successful flyer, especially in landing. Flying places the
pilot into a world of "altered conditions”, those of which are
primarily visual in character. Heterophoria contributes to the
number of accidents; and it may cause nervousness and fatigue from
wmcmcious strain.

DISQUALIFYING EYE P}USCLE IMBALANCES IN AVIATION
No Refs. U.S. Haval Bulletin, 27:335-338, 1927.

The report presents a diagraomatic representation of the disqualifying
eye muscle imbalances for USNAP. The standards (1927) were as follows
Candidates were disqualified 1f they had-

1. Prism divergence less than 24,

2. Prism divergence less than 44, associated with esophoria
rreater than 48,

3. Prism divergence greater than 94, agsociated with angle of
convergence near 404,

4. Prism divergence greater than 154,

S. Exophoria greater than 22 at 6 m associated with: (1) angle of
convergence near 404 (2) diplopia in lstersl positions on the
tangent curtaia.

6. Exophoria greater thamn 54 at 6 m.

7. Exophoria greater than 126 at 33 cm,

8. Esophoris greater than 48 at 6 m associated with: (1) diplopia
in lateral positions of the tangent curtain (2) accommodation of
2 D belov or above Dume's table (3) hyparopia near the disqualifying
limit (4) prism divergence less than 44,

9. Esophoria grester than 104 at 6 m.

10. Hyperphoris greater than 0.754 for sn applicant.

11. Hyperphoria greater than 1& for a qualified pilot.

A _REVIEW OF OCULAR MUSCLE IMBALANCE (WITH
REPORT OF TWO-HUNDRED AND PORTY-FOUR CASES)

5 Refs. Military Nedicine, 66:175-205, 1930.

é

1931 ARMY MEDICAL BULLETIN

1931 MCALESTER, A.¥.

1942 GILLESPIE, C.E.
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The qualifying limits conceming ocular muscle imbalance are not

rigld. 1In fact, "an individual may exhibit an imbalance bordering
uwpon & aquint before he ie disqualified for flying training, provided
other pertinent factors sre normal”. The fiald of binocular fixation
wnst be maintained 50° from the primary position of gaze, beyond 50°
diplopia 1s of little significance. The existance of a cyclophoria

is not investigated as a routine, but only when considered neceassary
by the examiner. "It e the generally accepted theory that many

cases of latent end manifest deévistions are accommodative in origin.

It 13 believed, however, thst all latent cases exist independent of
refractive erroras, and that the errors, when fatigue is superimposed,
only exaggerate the defect without baing the primary cause." Uncorrected
refractive error is believed to be the most common cause of increasing
the tendency of a latent deviation and production of muscular asthenopis,
The accommodative theory of orthophoria, exophoria and esophoria are
discussed. Of 244 gpplicants exhibiting horizontal deviations, 95.9%
were associated with refractive errors above 0.25 D, and 72.5% werc
eliminated. Of a total of 500 applicants examined, 69.7% were relieved
from flying becsuse of inability to make proper progress. The Maddox
Rod Screen Test is gtandard for Air Corps measurement of heterophoria,
other tests are discussed. A reviev of the defects which disqualify
applicants from flying is given.

THE SELECTION OF THE AVIATOR

Aray Med. Bull., 26°6-25, Chap. II, 1931.

The report describes the methods of measuring the visual parameters

in full., Orthophoria is defined (at 20 feet) as being no deviaticrn

at all or any deviation less than 24 of esophoria, 14 of exophoria

or 1/28 of hyperphoria. It is stated then, “the assoclated factors
are vitally important in determining the significance of heterophoric.™
Examples of these "associated factoras” are, powers of abduction and
adduction, associated parallel v ts, dation, errors in
refraction and the power of fusion.

BALANCE OF THE OCULAR MUSCLES AS RELATED TO
FLYING SOME CONSIDERATIONS

No Refs. J. Avia. Med., 2:218-226, 1931.

The article discusses early methods of investigation of ocular
muscle balance. A man should not be allowed to enter the service
with a hyperphoria of 1°.

Also see gbstract wnder Vieual Standards.

AVIATION OPHTHALMOLOGY

No Refa. Indians Academy of Ophthal. & Otolaryn., 26 26-40, 1942.
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The esophoric pilot "will yun his nose into the ground”, wheareas
the excphoric pilot may think the ground ie nearer than it is.

1943 ABRAHAN, S.V. BBAR HORIZONYAL PHORIA AND DUCTION TESTS

19 Rafe. Amer. J. Ophthal., 26:271-279, 1943.

FPour thousand subjects wera uscd and typical cases are presented to
shov how the findings from near horizontal phiorta and duction tests
fall into 3 characteristic groups. The relaiion of the base-in
reading at 13" to the interpupillary distance is esphasised. The
effect of cycloplegia on the findings is shown not to be dependable,
even though the tendency for cycloplegia to causz a reduction in, the
convergences sctivity is suggested.

1943 KANE, A.L. CORRELATION OF DUTFECXIVI VISUAL ACUITY AND
POOR OCULAR MUSCLE SALANCE ON ABILITY TO
SUCCERD IN FLYING TRAINING

No Refs. Canads, R.C.A.P., Director of Medical Services, Great
Britain, 0.S.R.D. No. III-1-2233, April 1943,

The report shows uo relaticnship between crall 'phorias or convergence
and the abtlity to fly, although the hout rate iamcr directly
with a lowered visual acuity.

1944 SCOBEE, R.G. THE _BFFBCT OF BXHAUSTIQ] AND MODERATE ANOXIA
ON OCULAR MUSCLE BALARCE

No Rafs. Army Air Forces Sch. Avia. Med., Romdolph Pleld, Toxas.
Proj. No 292, Rep. No. 1, July 1944.

See abstract under Atmospheric Effects.

1944 SCOBEE, R.G. AN ANALYS1S OF THE CZITHALMIC PORTION OF THE
BEXAMINATION: {1) IfUSCLE BALANCE

2 Refs. Army Alr Forces Sch. Avia. Med., Rondolph Pleld, Texas.
Proj. No. 139, Rep. No. 1, Novamber 1944.

The requiremante when the paper was written vere heterophoria and
prism divergence determinastions at 20 feet-—the only test at near
fixation baing the near point of convergencc (Pe and PcB). One
hundred and fifty subjacte wera used. The measurement of the near
point 1s considered too inaccursts to be vorth measuring; it is
recommended that the heterophoria and prisn divergence should be
msasured at near. The study agress with that of Abraham (6,000
subjects were used) who found that prism divorgence, not the sbsolute
vaslue of hetercphoria is the factor on which cathenopic symptoms
depand. Tables ave given comparing Abrehcd’'s cad this studies hetcro-
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phoris and priss divergence mesns at 13 inches. Nowv standards are
suggested to which candidates should conform for prism divergance and
heterophoris at 13 inchas.

1945 ROYAL CANADIAN AIRFORCE VISUAL FACTORS IN AIRCREW SELECTION

4 Refs. Assoc. Comn. on Avia. Med. Res., National Res. Council,
Canada. Rep, No. C2791, Fabruary 1945,

Ocular muscle balancs findinge (with the excaption of relatively
high hyperphoria at 15 inches) and relatively high convergence
insufficiency or excess are not re)ated to flying performancs.

1965 SCOBEE, R.G. A COMPARISON OF TESTS FOR HETEROPHORIA

1 Ref. AAF Sch. Avia. Med., Randolph Field, Texas., Proj. No. 375,
Rep. Ho. 1, April 1945. -

Tests coupared are:

At distance 20 feet-—(1) Maddox rod (2) von Grasfe priam (3) subjective
asnd objective cover test,

At distance 13 inches--(1) Maddox rod (2) von Graefe prism (3) Maddox
wing (4) Thorington test (5) subjective and objective cover test.

It is recommended that the Maddox rod test et 20 feet 18 the beat

when both ease of performance and relative accuracy are concerned.

Although it 15 admitted the subjective and objective cover test are

the most accurate, they take too long to perform.

1945 SCOBEE, R.G. A COMPARISON OF TESTS POR HETEROPHORIA:
EFFECT OF LIGHT AND DARK ON TRE SCREEN=-
MADDOX ROD TEST

2 Refs. AAF Sch. Avia. Med., Randolph Field, Texas. Proj. No. 375,
Bep. No. J, July 1945.

Using sixty subjects it was found that there is no significant differenco
in heterophoria measurement when made with the screen-“taddox rod test

in a lighted room or a darkened one. This clears up the contraversy

of whether heterophorias should be measured with room illumination

or in the dark.

1945 SCOBEE, R.G. A COMPARISON OF TESTS FOR HETERCPHORIA
RELIABILITY OF THE SCREEN-MADDOX ROD TEST

3 Refe. AAF Sch. Avia. Med,, Randolph Field, Texas. Proj. No. 375,
Rep. Ho. 2, July 1945.

Oae hundred and thirty-one subjects wers used. 1wo exsminers examined
each aubject on each of two different days. A reliability coefficient
of 0,95 was found for latersl heterophoris measurament. A table is




[
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included of the distribution of horizontal phorias amomg the subjects, phoris end flying ability for 303 subjects.

but the subjects were all aviation cadets and not a-sample of the .

general population. - . : Alsc see abatract under Dapth Perception and Stereopsis.

1945 SCOBEE, R.G. EVALUATION OF EYE EXAMINATION

Green, E.L.

A COMPARISON OF TESTS FOR HETEROPHORIA

1947 IMIS, E.A.
VARIATIONS IN THE SCREEN-MADDOX ROD TEST v

72 Befs. U.S. Navy Sch. Avia. Med., Pensacola, Florida. June 1947,

Moss, H.L. DUE_TO OCULAR DOMINANCE, RED COLOR, AND '
SCREENING
Iwo aundred and fifty Naval Aviators who had returned from combat
12 Refs  AAF Sch. Avia., Med., Randolph Field, Texas. Proj. No. 375, or operaticnal tours of duty were given a complete eye examination,

inclading screening with the Orthorater. No significant relationship
was found between lateral 'phoria at distance and depth percaption
oeasured with the Orthorater. The mean distence hetérophoria

using the Orthorater among the subjacts was 0,68 exophoria, whereas
the corresponding measurement for 1000 enlisted men was 0.754
escphoria. Using the Maddox rod and dissoctating prisms the average
aistance heterophoria was 0.362 esophoria for tha 250 aviators.

Rap. No. 4, July 1945.

Conclusions-

1. 0.4% more phoria is produced at both 20 feet and 13 inches
vhen screening is used in conjunction with a Maddox rod--mo ,
matter whether the rod is red, white or placed before the dominant
or non~dominant eye.

2. No significant difference in the results are obtained whether the
rod 1e placed before the dominant or non~-dominant eye at either
20 feet or 13 inches. This contradicts results found by P. Dolman
whose paper was the basis for placing the rod before the non~
dominant eye in the old stendards. Hence the test for dominance
should be dropped from the standards and the rod placed before the
right eye.

3. About 0.258 less esophoria is found at 20 feet with a white
Maddox rod. There is no significant difference at 13 inches.
Henco a white Maddox rod should be used.

Alse see abatract under Visual Standards.

1947 SCORFE, R.G.
Greea, E.L.

TESTS FOR HETEROPHORIA

9 Refs. Amer. J. Ophthael., 30.435-451, 1947,

The article contains the comparison of red and white Maddox rods.

The human eye ie approximately 0.54 hyperopic for the color red.

(Doke—Elder, Practice of Refraction, Philadelphia, P. Blackiston Son

and Co., 1928, p. 66.) Hence an increased convergence tendency

shonld be found with a red Maddox rod, relative to a white Maddox

roc. The latter is also usually more optically correct. The average
- reading with the white Maddox rod was 1.434 of esophoria, that of

the red Maddox rod was 1.684 esophoria. Hence relatively 0,250

pore exophoria was found with the white Maddox rod.

AN ANALYSIS OF THE OPHTHALMIC PORTION OF THE

TEA" EXAMINATION. (2) MUSCLE BALANCE-A SUMMARY

OF SUGGESTED CHANGES

1945 SCOBEE, R.G.

7 Rafoa. Army Alr Porces Sch. Avia, Med., Randolph Pield, Texas.
Proj. No. 139, Rep. No. 2, August 1945.

1947 LIVINST®, P.C.

Additional conclusions to his work in 1944 (see above) are given.
Prism divergence should be measured at 13" instead of 20'--the minimum
should be 15 at 13", Heterophoria should be measured at 13" as

THE ROLE OF HETEROPRORIA IN BINOCULAR
DISHARMONY WITH SPECIAL REFERENCE TO

1946 KIRSCHBERG, L.S.S.

well as 20'—with limits of:

1. exophoria less than 154,

2, esophoria less than 108,

3. hyperphoria not more than 1.59.,
The Maddox rod (white) should always be placed before the right eye
and the test for the dominant eye omitted (these recommendations
aow apply).

DEPTH PERCEPTION AND FLYING ABILITY

18 Bafa. Arch. Ophthal., 36 155-170, 1946.

So relaticnship was found betveen depth perception ecores, hetero-

AIR PILOTAGE
L Bef. Brit. Med. J., 2 409-811, 1947.

The autnor delipeates the general etiology of symptom and symptom-
less heterophoria, and the relationship between heterophorias and
flyang A heterophoria may result from prolonged fatigue from
concentrated flying. He believes that symptomless heterophoria 1is
best left alcne, and prescription in these cases will produce
discamfort and in general make the patient worse off.
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1951 RIPPLE, P.H.

VISUAL PROBLEMS OF PILOT IN PRONE POSITION

Rose, H.W.

1952 HEBBAED, S.W.

1954 KRIMSKY, B.

1956 MILLER, E.F.

9 Bafs. USAF Sch. Avia. Ned., Randolph Fleld, Texas.
21-24-011, Rap. No. 1, August 1951,

Proj. No.

Ses abstract undsr Displays and Viaual Sinulation.

CONSISTARCY OF CLINICAL DAT.

1 Raf. Uptom. Weekly, June 19, 1952.

A dstsoca ‘phoria should be measured while all fusion etimuli age
eliminated. Peripheral vision of the refractor aperatures may be
present 0 some cases. The effect may be minimired 1f the eyes are
occluded with only brief uncoverings (eithor prisms or Maddox rtods
being usrd). The Maddox rod was placed in front of the occluded eye.
However, in most cases there 1s no significunt differance with the
usual tezhnique.

AR APPRAISAL OF AVIAYICH EYE TESTS WITH
RECOMMENDATIONS

8 Refs. J. Avia. Med., 25-243-253, 1954,

The usual tests administered are too subjective and the apparatus
employed zokes observation of the eyes impousible, e.g. phorcmeter
and Orthorater., The latter is of no clinical value, Emphasis is
placed on the cover test to detect muscle imbalances (objective)
rather than the Maddox rod, (which is teo oubjective and the conditioms
are too artificial). Undus emphasis bas bcen placed on the importance
of the ncar point of convergence, and the pcacil-to-nose exsrcises
wvere given too indiscriminately. To deterodno vhether regponses are
true or false, the exsaminar should constantly oxemine the positions
of thea corneal light reflexas. The red lens test is entirely
sudbjectiva, subjects may even close one eye to avoid diplopia, or

it may eldcit heterophoria 1ike the Maddox rod. Measuring ‘phorias
wvithout ductions is valusless, phorias and ductions should be wmeasured
at differcnt dietances. Orthoptics may emcble a candidate to pass an
aviastion Oye exaam but improvements usually cre only temporary.

EVALUATION OF CERTAIN VISUAL AND RELATED
TESTS: II. PHORIA

13 Rafs. U.S. Naval Sch. Avia. Med., Pensacols, Florida.
Proj. ho. NM 14 01 11, Subtask 6, Rep. No. 2, April 1958.

Res.

Experiments werse done to determine vhether large near 'phorias exist
smoug pilots who vers screened by the requircd vieual tests. The
four methods used ware:

1. wvoo Graafa prim

1962

1963

1968

1968

JEHITCOME, M.A.

Maddox rod

iy

N 8| aocnocular projecticns

fom:nfg ::as:::t;ntut reliability of most of these tests was

tasts vorney 01;::017. the actual values measured by the different

Jrptidmin cans r?bly. Graphs are inclided showing the frequen
ous of the 'phoriss both at near and far. The heterophorza

at Bear varied between 164 esophoris and 194 exophoria.

MASTERS, R.I. THE EFFRCTS OF ALCOHOL AND ANOXIA ON THE

HETEROPHORYAS (TRESIS)

66 Rofs. Thesis
1962.!" 1962 Advanced Courss {n Avia. Med., Brooks

AFB, Texas.

Ses abstract under Atuospheric Effecta.

LAGERWERFF, J.M
s J.H. SPACE CABIN ATMOSPHERE TRACE C AMINANTS
- THRIR POSSIBLE INFLUENCE S e

ON VISUAL PARAMETERS
Hunan Pactors, 5:285-293, 1963.

Twenty-eight subjects were e
xposed for 3 to 6 houxrs to ¢t
ml trations of osone, oamely: 20 pphm, 35 pphn cn: Sgr:;hzdnigumt
m lti.etorophorus changed + 4 1/24, The possibility of con-
t formation in spacecraft and the offects on vision are
discussed at some length.

70 Refs. Approx.

Also see abstract wunder Atmospheric Bffects.

LURIA, S.M.

= e BELATIONSRIP BETWEEN STATIC AND DYNAMIC STEREO

ACUITY

9 Rafs. J. Exptl. Psych., 76:51-56, No. 1, 1968,

See abstract wnder Depth Perception and Stereopsis.

-

THE MEASUREMENT OF VISUAL FUNCTION SYMPOSIUM,

a2 0 v OUAL FONCTION

Bensem, W. (Eds.) PROCEEDINGS OF SPRING MEETING 1965 ‘ 100
—— e o R TELIING 1965

Extensive Refs.

Armad F =] Comm
B 1968 orces-Nat. Res, « on Vision, Washiagton,
Two papers are included, the firet discusses the
. posaibily £
:tvdmtns 8 fully automated scresning dsvice to detect bot:yt:.e
l'hu:“n status and ths deviation in the primary and other directions.
sacond discusses laboratory messursments of ocular muscle balmce.

Also ses abstracta under Color Viadion,

paa o Dark Adaptation, Depth Parception

Refractive Error and Rafraction, and Visual Acuity-Static.

- -
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1968 OHLBAIM, M.K.

1969

26 Refs.
June 1968.
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-

THR BFYRCTS OF ALTITUDE ON CERTAIN ASPECTS
OF VISUAL PERFORMANCE

M.5. Thesis, Diviasion of Optometry, Indiana University,

See abstract under Depth Perception and Sterecpsaia.

LURIA, S.M.
Keot, P.R.

4 Refs.

THE RELATIN OF “DUCTIGH" TO DYNAMIC
STEREO_ACULTY

Sub, Med. Res. Lab., U.§, Naval Sub. Med. Center, Groton,

Conn. Rep. No. 575, April 1969,

See abstract under Depth Perception and Stereopsis.
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xv., PHYSIOPATHOLOGY

1939 ARMSTRONG, H.C. PRINCIPLES AND PRACTICE OF AVIATION MEDICINE

The Williams and Wilkins Co., Baltimore, Md., 1939.

P. 324-5 In conaidering the effects of atmospheric pressure change
ca the eye, no objective or gubjective change was noted except for
injection of the bulbar conjunctiva accompanied by a smarting or
burning sensation. This holds presumably up to about 30,000 feet.

Also see abatract under Visual Standards.

1347 LYONS, R.E. ANALYSIS OF THE CAUSES OF DISQUALIFICATION OF
166,687 APPLICANTS REJECTED POR_AVIATION :

TRAINING

J.-Avia. Med., 20:193-200, 1949,

From July 1, 1943 to June 30, 1944 the initial exanination on aviation
applicants vas on WDAGO Form 64 under the provisions of Army Reg-
ulation 40-110. From July 31, 1943 to Pebruary 17, 1944 applicants
were examined under the provisions of AR 40-105, AR 40-110, end
relaxed standards in WD circular 176, July 31, 1943. The latter
included; V.A. 20/30 correctable to 20/20 0.U., heterophoria within
126 esophoria and 74 exophoria. During the year July 1, 1943 to
June 30, 1944, 374,638 applicants were examined of which 164,687
(44Z) were disqualified. Of each hundred disqualified, 29,7 did not
pasa the eye examination, 11.5 had defective V.A., 8.9 defective
heterophoria, 7.5 defective color vigionm and 22 had an accoemodative
defect.

1950 DUGUET, J.

PHYSIOPATHOLOGY OF THE FLYERS EYE
Mercier, A.

357 Refs. Translated from Prench at the USAF Sch Avia, MNed.,
Randolph Field, Texas. 1950,

This book {3 an extremely good source for the subject up to 1950.

1.

Effect
aocular
scopic
vision

of altitude on visual apparatus--circulation of recina,
tension, puplllary reactions, V.A., visual fields, stereo-
vision, gccommodation, motility, color sense, and night
(due both to decompression and anoxemia).

2. Visual troubles due to accelerations.

3. Effects of physical factore--light, cold, wind-blast, and vibraticn.
4. WVision and orientation {n the atr--{llusions.

5. Woundg end burms.

Ocular paychoneurosis in aviation.

Intoxications.

Protection of the flyer's ayes.
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94 Visual problems in aircraft design--field of viesion, optical
properties of windows, etc., arrangemsst of instriment penel,
1llunination of cockpit snd instrument psnel.

1962 SAY W.p.
T, AW,

Etven, C.J.

Winer, D.B.

SPACE RADIATION GUIDE

201 Refs. Aerospace Msd. Div., Wright-Patterson AFB, Ohio,
Rap. No. AMRL-TDR-62-86, August 1962,

Ses abstract under Flash Blindness, Glare and Rsdiation Effects.

1968 PEACOKK, G.R.

LASER PROPERTIES AND EYE HAZARDS (INTERIM
Ven Xus, F. ¥

REPORT

51 Bafs. U.S. Army Mad. Res. Lad., Fort Knox, Kemtucky. Rep. No.
776, DA Proj. No. 3A01450)B71P, May 1968,

The relation batween lasar output properties and eye injury sre
described. A review of laser eys injury dats is included together
with certain aspects of laser safety.

1968 MARTIN, B.G.
Tredied, T.J.
Culver, IJ.F.

EYE OPACITIRS IN FLYING PERSONNEL

Ho Bafs. USAF Sch. Asrospaces Med., Brooks AFB, Texas.
Reviev 9-68, September 1968,

A summsry is given of an 11 year period of eye opacities found after
referral to the School of Asrospacs Madicine, Brooks AFB, Texas.

The ophthalmology branch saw 3,067 pstients, 134 of whom had opacities.
Thess were subclassified as follows, Lenticulor-73, Corueal-49, and
Victreous-12. Dstails of types of the shove cpacities snd the numbers
grounded are given. The satiology of the cpacity is reported, if
Inowa,

1968 LAPPIN, P.W.

ANALYSIS OF THE FIRST THERMAL NUCLEAR PULSE
Adags, C.F. T -

AND_ASSOCIATED EYE EFFECTS

2 Rafs. Aerospace Med. Res. Lad., Aerospace Med. Div,, Wright-
Patterson AFB, Ohio. Rep. No. AMRL-TR-67-214, December 1968.

See abstract undar Flash Blindness, Glare and Radiation Effects.

e

-9) -

1969 MILLER, M.D.
at. al.

HESEARCH ON VISUAL PROBLEMS IN SPACE FLIGHT

5 Refs. HASA, Manned Spacacraft Center, Houston, Texan., NASA
Contract NAS 9-6865, March 1967-May 1969,
See abstract under Depth Paerception snd Stereopsis.

.
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XVI. REPRACTIVE RRROR AND REFRACTION

+

1945 HIRSGH, M.J. RELATION OF VISUAL ACUITY TO MYOPIA

2 Bafe. Arch. Ophthal., 341418-421, No. 5, 1945.

The visual acuity and degree of myopia was measured for 64 eyes.

Ths myopin vas within a range of 0.50-13,50 D; all the subjects
ware college students. The log of the visual acuity plotted against
the myopin gives the coefficient of correltaiovn of +0.95. The
results are important in guarding ageinast over-correction of myopia,
solingering, etc.

1966 USAF SCEROOL OF LECTURE OUTLINES

AEROSPACE MEDICINE

Ophthalmology Branch, Aerospace Medicine Primary (OBY 9356),
0P Handout #11, USAF Sch. of Aero. Med, Aero. Med. Div. (APSC),
Brocks AFB, Texas. August 1966.

lLectures are included on refraction and refractive errors.

THE_MEASUREMENT OF VISUAL FUNCTION (SYMPOSIUM)
PROCEEDIRGS OF SPRIRG MEETING 1965

1968 WAITOOMB, M.A.
Bengon, V., (Eds.)
Extensive Refs. Armed Forces-NRC Conmittee on Vision, Washingtonm,
p.C., 1968.

A peper 10 included on the clinical and laboratory measurement of
refractivo error,

Also soe abstracts under Color Vision, Dark Adaptation, Depth Perception
sad Stereopsis, Ocular Muscle Bslance, and Visual Acuity-Static.

AR ANALYSIS OF SOME REFRACTIVE ERROR TREKDS

199 DORSKY, L.L.
IN U.S. AIR FORCE PILOTS AND NAVIGATORS

levene, J.R.

104 Rafs. Indiona Univ., Div. of Optometry and Phys. Optics,
Bloomlogton, Indiana. NASA Contract Wo. HAS 9-8078, June 1969.

fhere are no fusional amplitude standards. Hence, it is possible
to have qualifying heterophoria yet poor fusional enplitude reserves
to naintain single binocular vislon and vice versa.
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Xv11. SPACE FLIGHT INCLUDING
; RECONNATSSANCE AND SURVEILLANCE

1957 HAMILTON, C.E.

THE EFFECT OF A HOR1ZON-LINE LUMINANCE GRADI
Blackwell, H.R. A

UPON TARGET DETECTABILITY IN IT§ VICINITY

3 Refo. Enginesring Research Institute, Univ. of Michigan, U.S.
Nevy Bureau of Shipe, Contract No. Nobs-72038, April 1957.

See abstract under Plash Blindness, Glare and Radiation Effects.
1938 BOYNTON, R.M.

Elworth, C.
Palmar, R.M.

LABORATORY STUDIES PERTAINING TO VISUAL AIR
RECONNATSSRRGE

14 Befs. Aero, Med. Lab., Wright-Patterson AFB, Ohio. WADC Tech.
Bep. 55-304, Pt. III, AD 142274, Contract No. AP 33(616)-2565,
April 1958.

The third and final report is presented on a program concerning the
investigation of relevant variables involved in visual recon-
naissance. A wathematical relationship is worked out which yields
the contrast required for 60X recognition as a function of subject-
target distance, exposure time, and number of confusion forms
(struniforms) among which the critical target may be located. By
translating altitude into experimental distaence, aircraft velocity
into viewing time end conditions of viewing (including meteoro-
logical conditiona) into contrast, predictions are made about how
performance should vary as a function of altituds from 500~30,000
feet. Puther studies are reported of a preliminary attempt to
mderstand individual differences in gearching abillity as the relate
to parafoveal form recognition, visual acuity and eye movements.

1961 BROWN, J.L. SENSORY AND PERCEPTUAL PROBLEMS IN SPACE
L Lt XL HIemr =

GHT

51 Refs. Reprinted as Chap. 7 from Physiological Problems in Space
Flight, Charles C. Thomas, 1961.

The paper gives s general review of the problems of apace flisht.

It says aepace myopis should not be a problem because the stars will
be an adequate enough etimulus for accommodation. Also covered in
the paper are vision, hearing, vestibular senses, other genses,
and other problems including time perception and sensory deprivation.

1962 VISION AND THE MERCURY CAPSULE

JONES, E.R.
Hann, W.H.

12 Befs. Arwed Forces-NRC Comm. on Vision, Washington, D.C., 1962.

See abstract under Displayo and Visual Simulation.
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1962 MILIER, J.W. (Ed.)
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VISUAL PROBLEMS OF SPACE TRAVEL

Extensive Eafs. Nat.Acad. of Science, Nat. Res. Council, VWashington,
D.C., 1962.

The book 1is a good reference book although it f{s all conjecture and

simulation. The following are discussed:

P. 3-4: Colors seen on the lamnching and in space.

P. 14, Discussion of simulated gravity. - -

P, 20~24 Vieual displays with consideratica for the various novel
probloxs of apace flight e.g. shsence of gravity, presence of
various accelerative forces.

P. 29-37: Vision at various stages in space flight.

MORRIS, F.M. VISUAL ASPECTS OF SPACE FLIGHT

15 Refs. (-er. J. Optom. & Arch, Amer. Acad. Optom., 39 643-652, 1962.
The paper 12 an introduction to the visual preblems likely to be

ered in sp + &.8. glare, retinal duroc, weightlessness,
spacs wyopia, etc.

HARVA, M.A.

VISUAL SURVEILLANCZ AND RECONNAISSARCE FROM
Mucklar, F.A. —

SPACE VEHICLES
Fxtensive Pefs. Hunan Factors, 5:295-315, 1963.
The reviev includes the variables affecting surveillance. An analysis

of the theoretical capabilities of direct, wncided vision and manperi-
scopic vision are presented.

ZINK, D.L. VISUAL RXPERIERCES OF THE ASTROVAUTS AND
COSMONAUTS
21 Refs. (uman Factors, 5:187-201, 1963.
A comparisen is made between the actual visuol enpabilities and the
predicted ccpabilities. Requirements for fcrthar study are discussed.
TAYIOR, J.H. VISUAL PERFORMANCE 0 THE MOON

3 Refe. Scripps Inst. of Oceanography, Visibility Lab,, Univ. of
California, San Diego, California. Ref, 67-3, 1967,

Hmn will depand largely on his visual sense uhen he is on the coon.
Many of the usual visual cues will be modified or absent on the
maoon, ¢.g. size, distance and color of the ltaar features without
asrial perepectiva, reference objects and othar cuen. There will
also be harsh luminance contrasts. Photograpls chowing the effects
an the lunar surface of the illumination and reflaction from the

s - .- - — e ——

s

1967 BROWN, J.L.

1968 CULVER, J.7.
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LEM are presented in the report. Physical properties of the lunar
visual environment, including luminances, reflectances, and illuminances
are also included.

THE_VISUAL RRALM IN SPACE FLIGHT

55 Refs. Physiological Psychology Branch, Psychological Sciences
Div., Office of Naval Res., Kansas State Univ., Contract No.
NONR-3634(04), December 1967. ) ‘

A very useful résumé of visual problems in space is presented in
the report. “. . . for his size, mass and energy requirement . . .
(man) . . . can handle & broadsr range of situations more effectively
and with more flexidility than any automatic equipment which might
be designed.” For an object that subtends 1' at the eye, its dimen-
sion in feet equals 1 1/2 ite distance in miles. Gravity, both
higher and lower than one G, is also considered. Effects of hyper-
oxygenation and a discourse on the visual environment of space are
included. The report concludes that the characteristics of the
Bimgn visual process will probably revain unchanged in spaceflight
except at very high acceleration or in a low oxygen atwmosphere.

THE HUMAN EYE IN SPACE EXPLORATION

15 Refs. 4th International Symposium from Chap. XVIII in Bio-
astronics snd the Exploration of Space, Roadman, Strughold and
Mitchell, 1968.

The various defects wvhich it was prophesied would be produced in
the visual system in space have not occurred, e.g. space tyopia

and 1llusions. A table is included of the primary parazeters of
the vigual envircnment of space including 90° solar 1lluminaticn,
surface reflectance and mean atmospheric transmission for the earth,
EVA, mars and the moon., Also included 1s a table showing critical
visual tasks on the Apollo mission. ". . . daytime 1llumination at
the moon's surface exceeds that on the earth by about 2?52 and the
nighttime 1llumination facing the earth is approximately 60 tines
that of the earth due to the earths reflectance.”

19686 DURTLEY, S.Q. EXPERIMENTS ON VISUAL ACUITY AND THE VISIBILITY
Austin, R.W. OF MARKINGS ON THE GROUND IN LONG-DURATION
Harris, J.L. EARTH-ORBITAL SPACE FLIGHT
Taylor, J.H.

Several Refs. Scripps Iust. of Occsnography, Visibility Lab., Univ. of’
California, San Diego, California. Contract NAS 9-5093, January 1968.

The visual acuity of four astronauts was measured, before, during and
after long duration space flights; their visual acuity did oot change.
The astronsuts observed from orbit a prepared and monitored pattern of
snall wvhite rectanglas on the ground to determine the limiting ability to
discrininate orientation. The performance was axactly as previously
calculated.

e
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XVIII. VISUAL ACULTY - DYNAMIC

1953 LUDVIGH, E. A STUDY OF DYNAMIC VISUAL ACUITY

Miller, J.W. ,

4 Refe. Office of Naval Res., U.S. Naval Sch. Avia. Med., Pensacola,
Florida. Proj. No. NR-142-025, NM 001 075 01.01, March 1953.

Visual acuity deteriorates markedly as the angular velocity of the
t::t object.yralativn to the eye, increases. Dynamic visual acuity
1 measured vhen the eye is moving. Individuals with eimilar static
vigsual acuity may differ widely with their dynamic visual acuities.
Megsuremente were taken for objects moving in a horizontal plane
between 10-170° per second.

DYNAMIC VISUAL ACUITY WHEN THE REQUIRED

PURSUIT MOVEMENT OF THE EYE IS IN A VERTICAL
PLANE

1953 LUDVIGH, E.
Miller, J.W.

8 Refe. Office of Naval Res., U.8. Nav. Sch. Avia. Med., Pensacola,
Fla. Proj. No. NM 001 075.01.02, May 1953.

The report shows how the visual acuity deteriorates at the angular
velocity of the test object, travelling in a vertical plane, is
varied between 20° per second and 140° per second.

THE INPLUENCE OF DYNAMIC VISUAL ACUITY ON THE
VISIBILITY OF STATIONARY OBJECTS VIEWED PROM
AN_ATRCRAFT FLYING AT CONSTANT ALTITUDE,
VELOCITY AND DIRECTIOR

1953 LUDVIGH, E.

6 Refs., Office of Naval Res., U.S. Naval Sch. Avia. Med., Pensacola,
Pla. Proj. No. NM 001 075 01.03, August 1953.

An equation ie derived expreseing the relationship between-
1. Size of critical detail visible from an sircraft.
2. The x and y coordinates of an objcct on the surface of the earth.

. Alticude of flight.
2. Orientation of the critical detail relative to the plane of

flighe.
5. Thesu and b parameters of the observers dynamic visual acuity.

6. Velocity of flight.
The conceptyof "ease of seeing”, E, 1s advanced.

BOME EFFECTS OF TRAINING ON DYNAMIC VISUAL

LUDVIGH, E.
1934 ACUITY

Miller, J.W.

; 1a
. fico of Naval Ras., U.S. Nav. Sch. Avia. Med., Pensacola,
:1:?“1’:0?.‘ No. NR-142-023, NM 001 075.01.06, September 1954,

The effects of training the dynamic visual acuity of 200 Naval
Aviation Cadets were found to bs subatantial at high anpular velncity
of test objects, in absolute or percentage torme. At 110° per
second, the amount of izprovement and the rate of improvement

varied greatly among the subjects.

1955 MILIER, J.W.

A SHORTENED PROCEDURE FOR THE TESTING oF
Ludvigh, E.

DYNAMIC VISUAL ACUITY

10 Refs. Office of Naval Res., U.S. Naval Sch. Avia. Med., Pengacola,
Pla. Proj. No. NR 142-023, NM 001 110.501.08, May 1955,

The data an 200 Naval Aviation Cadets, who were tested by a procedure
lasting 45 minutes, was reanalysed on the basis of a test requiring
only 12 minutes. Various aspects of the test were examined, such as
the reliability and the predictability, and the relationshipa among
the variables. Th shortened form was declared to be suitable for
future testing.

THE RESULTS OF TESTING THE DYNAMIC VISUAL

1956 MILIER, J.W,
ACUITY OF 1000 NAVAL AVIATION CADETS
—_——— e VAL AVIATIUN _CADETS

Ludvigh, E,

13 Befs. Office of Naval Res., U.S. Nav. Sch. Avia. Med., Pensacola,
Fla. Proj. No. NR-142-023, NN 001 110.501, Rep. No. 10, August 1956.

The results of testing the dynamic visual acuity of 1000 Naval Aviation
Cadets 1s presented and gome aspects of the data analysed. It wag
found that the parametsr exployed to describe the dynamic vigual
acuity was not distributed normally. The possible causes for this
acn-normality are considered., It 1s demonstrated that tt ig poasibla
to place individuals into statistically distinguishable categorias

on the basis of their dynamic visual acuity. The possibilities of

this with regard to the future selection of pilots 18 considered.

1956 MILLER, B.F. OCULAR PURSUIT OF A TARGCET MOVING IN AN
APPARENT CIRCULAR PATH

7 Refe. U.S. Naval Sch. Avia. Med., Pensacola, Fla. Res. Proj.
NM 001 110.012, Rep. No. 1, Septenber 1956,

Dynemic visual acuity tested with a rotary prism was compared with
that measured with a rotation mirror apparatus. The abnormally
distributed rotary prism thresholds vere relatively higher than,

yet correlated significantly with, those of the rotating mirror.

The relative increase found with the prism in the rate of deterio-
ration of acuity with an increase in angular velocity was attributed
to the exclusive factor of the rato of repeated rotation of the eye.
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1958 LuovicH, E.

STUDY OF VISUAL ACUITY DURING THE OCULAR PURSUIT
mller, J.V,

OF MOVING TEST OBJECYS: I. INTRODUCTION

13 Befs. J. Opt. Soc. Amer., 48:799-802, No. 11, 1938.
The same apparatus is used as besfore. The mirror is rotated st
angular velocities of 10° per sscond to 170° per second at the
nodal point of the eye to bs tested. The visual acuity decreased
rapidly and markedly as ths angular velocity vas eatablished by
the following semi-empirical equatiom:
Y= a+bxd Y = size of critical detail in ninutes
a = predicted value of static visual
acuity in minutes
b = measure of dynamic acuity
x = angular velocity in degrees per
sscond

vhere:

1958 J.W.

STUDY OF VISUAL ACUITY DURIKRG THE OCULAR PYURSUIT
OF MOVING TBST OBJECTS¢ 11. EFFECTS OF DIRECTION

OF MOVEMENY, RELATIVE MOVEMENT AND ILLUMINATION

9 Refs. J. Opt. Soc. Amer., 48:803-808, No. 11, 1958.

The manner in which visual acuity decreases 1is similar with angular
welocity horizontally, verticn}ly or with rotation in a horizontal
plme. Tha formila Y = a + bx® describes all thrco movements. The
higher the relative angular velocity, the greater the intensity of
1llumination must be in ordar to maintain a given visual acuity
threshold.

1961 LIIWVIGH, E. THE PERCEPTION OF MOVEMENT PCRSISTANCE IN

miller, J.W. THE GANZFELD
9 BRefs. J. Opt. Soc. Amer., 51:57-60, 1961.

Ses abstract undor Illusions and Visual Perception
Spacas Myopia and Ganzfeld.

Night Myopia,

1961 SCRUMANN, W.P. VISUAL ACUITY AND OPTOKINEZIC NYSTAGMUS

10 Refs. Amer. J. Optom. & Arch. Amer. Acad. Optom., 38 646-654, 1961

See abstract undsr Nystagmus.

1366 BURC, A. AR _INVESTIGATION OF SOME NELATIONSHIPS BETIWEEN
DYNAMIC VISUAL ACULTY, STATIC VISUAL ACUITY

AND DRIVING ECORD

Extensive Rafs. Cngineering Dept., Univ. of Celiforuia, Los Angeles,
Calif. Rep. 84-18, April 1964.
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1966 BURG, A. VISUAL ACUITY AS MEASURED BY DYNAMIC AND STATIC

TESTS: A COMPARATIVE EVALUATION
14 Befa., J. Appl. Psychol., 50:460~466, No. 6, 1966.
The report is an attempt to show a relationship between static and
dynamic visual acuity. There vare 17,500 subjects used, their ages
ranging from 16 to 92 years. A higher correlation was gshown than
with previous studies, the correlation decreasing with increasing
speed of target movement. The Bausch and Lomd Orthorater checker~
board target was used and the subject was told he could move his
heaé. Tha dynamic visual scuity vas meamured at 60°, 90°, 120° and
some at 150° per second. Other conclusions of the report are as
follows:
1. The dynamic visual &cuity is worse than the static and more ao
as the spead of ths targst increases.
2. Visusl acuity becomes worse vith increasing age, and more so for
dynaxdc than static.
3. Males have bettsr dynamic and static visual acuity than females.
H.B. see Burg, A. (1964) paper for pictures of the apparatus.

1968 LURIA, S.M. RELATIONSHIP BEIWEEN STATIC AND DYNAMIC
Veissmm, 5. STHEEO-ACUTTY -
9 Refs. J. Exptl. Peych., 76:51-56, No. 1, 1968.

Ses abstract under Depth Perception and Stereopsis.
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XIX. VISUAL ACUITY - STATIC 1958 WHITE, W.J. ACCELERATION AND VISION

52 Rafs. Aero. Med, Lab., Wright-Patterson AFB, Ohio. WADC Tach
1943 RANE, A.L. CORRELATION OF DEFECTIVE VISUAL ACUITY AND Rep. 56-333, ASTIA Doc. No. AD 208187, N :
R POOR OCULAR MUSCLE BALANCE ON ABILTTY TO ’ o AD 208187, Noverber 1956.
SUCCEED IN FLYTNG TRAINING

i

k: Ses abstract under Illusions anf Vieusl Perception: Gravitatienal
. and Vestibular Effects.

Bo Befs. Canada, R.C.A.F., Director of Medical Services, Great

Sritain, 0.3.R.D. Wo. I11-1-2233, April 1943.

1960 LURIA, S.M. VISUAL ACUITY UNDER RED VERSUS WHITE

Ses shstract under Ocular Muscle Balance, Schwartz, I. TLLUMINATION
8 Refs. U.S. Naval Med, Res. Lsb., Sub. Base, New London, Conn,
1943 DEPARTRRNY OF THE ARMY STUDIES ON VISUAL ACUITY Bep. Mo. 326, Proj. No. MR 005.14~1001.01,10, January 1960,
Bo Bafe. Prepared by Stsff, Personnel Rasearch Section of Adjutent See abstract under Dark Adaptation.
Cenaral's Office, U.S. Government Printing Office, Washington, D.C.,
1943,
A 1960 WHITE, W.J. VARIATIONS IN ABSOLUTE VISUAL TH

The purpose of the studies was to examine various sspects of visusl m*m*“‘“m
scuity through factor analysis of correlations among tests of visual R
acaity, mmd to salect the best tests in terns of item difficulty end 9 Refa. Wright Alr Dev. Div., Wright-Patterson AFB, Ohio. Proj.
scoring methods. Present methods of testing visual acuity result in No. 7222, Task No. 71712, WADD Tech. Rep. No. 60-34, April 1960.
a great ioconsistancy in standards for vision that are adopted for the
milicary service. The main object of this study is to determine the - See abstract under Illusions and Visual Percaption‘ Gravitational
aspects and influences present in vision tests, Froa a study of 14 g and Vestibular Bffects.

wall chart tests, results are presented showing the factors in visual
acalty (far) teats, from the study of 3 commercial devices and other

wasts, the factors in far end near acuity, depth perception and phortas 1961 PIGG, L.D. THE EFFECT OF TRANSIENT WEIGHTLESSNESS ON
tasts are given, For the 14 wall chart tests, results are preaented - h-_"‘_—. W.N. VISUAL ACUITY
sheuiag the test-retast reliability by 7 methods of scoring, the T———
freguamcy distributions of the test scores, analysis of item diff.cuvity, 4 Refa. Aero. M=d. Lab., Wright-Pstterson AFB, Cnio. WADD Feeb
malysis of testing conditions, correlation of letter tests with Rep. No. 61-184, Proj. No. 7184, Task No. 71586, March 1961.
A.6.C.1. and examinee options., All the studies purposed to imprave
the vall chart testing as a measurement of visicn based upon how See abgtract under Illusions and Vieual Percepticn. Gravitationsl
wall they operate in their pressnt fora. and Vestibular Effect.

1956 I, ©.J. THR EFPECTS OF GRAVITATIONAL STRESS UPON 1961 VORPIO, RANNU THE OBJECTIVE MEASUREMENT OF VISUAL ACUITY:

Joree, S. L VISUAL ACUITY BY ARRESTING OPTOKINETIC NYSTAGMUS WITHOUT
CHANGE IN ILLUMINATION

26 Wfs. Asvo. Med. Lab., Wright-Pattarson Ars, Ohio. WADC Tech.

mp. Bo. 56-287, ASTIA Doc. No. AD 110444, November 1956. No Refs. Acta Ophthal. Sup., 39.7-66, (Supplement 66), 1961.
Ses sdotract under Illusions and Visual Parception: Gravitational A definition and delineation of factors effecting visual acuity are
and Tuscidular Effects. given. Visual acuity is affected by inherent and external factors

which to a great sxtent dom’t significantly influence visual aculty
in a clinical examination, The author cites saveral cxsmplaes.

1957 RANILIGE, C.B. THE_EFFECT OF HORIZON-LINE LUMINANCE GRADX. I (a) Optimm pupil eice for visual acuity e 2.8-4.0 ws,
Blackwell, H.E. UPON _TARGEY DETECTABILITY IN ITS VICINITY however, visusl acuity is still accurate with pupil sizes wp
to 5.6 mm.
3 mfy. Ingineering Ras. Inst,, Univ. of Michigan, U.S. Navy Bureau (5) The eys, and human being as a whole, 8¥¢ very adaptable to
of fAlpe. Contract No. Hobe-72038, April 1957. various pravailing eondtitions.

Good delineations are given of the following objective methods of
See adwtract under Plash Blindness, Glare and Radiation Bffects.
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examining visual acuity.
(1) Ewcking optokinetic nystag ~ dependable results though

they didn't consider theoretical treatment of resolutions.
(2) Arresting optckinetic nystsgaus - these methods (based on
o0 evaluation of visual acuity by reaction of the eys to changes
fa {1iumination) "do not seem to give trustworthy results".
¢3) Calvanic skin rssponss ~ very comparable to a subjective
exmm.
(4) Evoking oscillatory motion - ssme as (1).
An investigation was carried out to establish vhether visual acuity
could be cestad by arresting tystagmus using the authors procedure.
A matual rolstionship betwsen the decisive details of test figures !
was used i{p both subjactive and cbjectiva techniques. A thorough
delinestion of the apparatus, testing procadure aand Tesults vas
presentsd. The results showed that the authors method is suitable;
wwtusl interdepandsnce between details.

VISUAL CAPABILITIRS OF PERFOKHING RENDEZVOUS

1963 VANDERPLAS, J.M.
IR _SPACE

23 Eafs. Euman Factors, 5:323-328, 1963,

This paper is a review of the detectiocn, disericinotion, recognition,
identification, judgsnent, acquisition, homing and docking of space
wehicles, pointing out the inadequacies of existing data {1963).

VISION AND UNUSUAL GRU\VITATIONAL FORCES

1963 WHIIR, ¥.J.
Monty, R.A.

Extessive Bafs. Human Factors, 5:239-263, 1903.

Ses abstract undsr Illusions snf Visual Percspzion Gravitational
amd Vestitulsr Effects.

AR IRVESTIGATION OF GQF RELATIONSRIPS BETWEEN
DYNAMIC VISUAL ACUI'TY, CTATIC VISUAL ACUTTY
AND DRIVING RECORD |

1964 BIMC, A.

Cxtensive Iefs. Ragineering Dept., Univ. of Celif., los Angeles,
Callf. BRap. 54-18, April 1964,

Ses sbatract under Visusl Aculty-Dynamic.

YISUAL ACUITY AS MEASURED BY DYNAMIC AND STATIC
TESTS: A COMPARATIVE TVALUATION

1966 BUBC, A

14 mafs. J. of Appl. Psychol., 50-460-466, lio. 6, 1966.

Sem abatract under Visual Acuity-Dynawic.

®» - e A
R . @
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1966 DUNTLEY, S.Q.
LAY, 5-Q. VISUAL ACUITY MEASURED DURING PROLONGED

VEICATLESSNESS
J. Opt. Soc. Amer., 561538(A), March 1966.

Testo of visusl acuity wers
performed in conn
::‘r';:m earth orbitsl flights of Cemini § m:e;fmAul::l.;h:ul?igs
vas used by the crew asmbers on several occasions before,

during and soon
vas dutected. after the flights. Ho change in the visual aeuity

1968 WHITCOMB, M.A.

Beason, W. (Eds.) THE MEASUREMENT OF VISUAL FUNCTION (SYMPOSIUM)

PROCKEDINGS OF SPRING MEETING 1965

Extensive Refs. Arme =
D.C., 1968. d Forces-Nat. Resn. Comm. on Vieion, Washington,

Several papers ars included
mant of vieual acuity. d on the clinical and laboratory measure-

Also ses abstracts under Color Vision, Dark Adaptation, Depth

Paxrception and TRODS:
Error and Raftus:gon. is, Ocular Muscla Balance, and Refractive

1
968 DUNTLEY, S.Q. EXPERIMENTS OF VISUAL ACUITY AND THE VISIBILITY

Austin, R.W. OF_MARXINGS ON THR

GROUND IN_LONG-DURAT.
Harris, J.L. EARTR-ORBITAL SPACE FLIGHT e
t"h!. J.ﬂ. e e g

Several Refs. Scripps Inst. of Ocemno
. graphy, Vieibility Lab. .
of Calif., San Diego, Calif. Contract NAS 9:SOSS, Jlnuiry 19681.]1“"

See abstrac
s e:.und.r Space FPlight, Including Reconnsissence and

1968
SOME EFFECYS OF X-AXIS VIBRATION OF YISUAL

— o Ty VADEALIUN Or JISUAL
ACUITY

RURENSTEIN, L.
fsplan, H.

6 Refs. Aero. Med. Res. Lsb., Aaro. Med. D
. . . . » Div,, Adr Force t
Command, Wright-Patterson AFB, Ohio. A‘m,-m-éa-m. June i;:ﬂf..

Ses abstract under Effects of Vibration.

1968 LURIA, S.M.
ORIA, J.M, BELATIONSHIP AETWEEN
Velessan. §. EELATIONSHIP RETVEEN STATIC D DTUAMIC

9 Rafe. J. of Exptl. Psychol., 76:51-56, No. 1, 1968.

Ses abhstract under Depth Percaption and Stereopsis.
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XX, VISUAL PIELDS

e

e VARIATION IN HUMAN GRAVITY TOLERANCE DUE TO
_ POSTTIVE ACCELERATION

COCHRAN, L.B. . -
Gard, P.V.
Horthsworthy, M.E.

U.S5. Nav. Sch. Avia. Med., Pensacols, Fla. Rep. No. 001 039.02.10,
1954,

See sbatract under Illusions and Visual Perception: Gravitational
and Vestibular Effects.

ADRS, H.W. - NYSTACMUS ELICITED BY HIGH INRTENSIYY SOUND
et. al. . - )
6 Befs. VU,5. Naval Sch. Avia. Med., Pensscola, Fla. Joint Proj. No.
NM 130 199, Subtask No. 2, Rap. No. 6, February 1957. .
See shatract under Nystagmus. R
POOKS, G. PILOT STUDIES OF SOCOTOPIC SENSITIVITY TBST
Dismick, F.L.
Swesney, E:J. - .
3 Refs. U.S. Naval Med. Res. Lad., Sub. Base, New London, Conn.
Rep. No, 285, Proj. No. NM 23 01 20, Rep. No. 1, Subtask 4, June 1957.
Ses abstract undsr Dark Adsptatiom, .
MILLIER, E.F. EFFRCT OF BREATHING 100Z OXYGEN AT ATMOSPHERIC

PRESSURE UPON THE VISUAL FIELD AND VISUAL ACUITY

4 Rafe. U.5. Navy Seh. Avia. Med., U.S. Navy Avie. Med. Center,
Pansacols, Fla. Res. Proj. NM 12-01-1]1, Subtask 11, Rep. No. 1,
March 1958.

See abstract under Atmospheric Effects.

DERTECTION THRESHOLDS FOR POINT SOURCES IN THE

BLACKNELL, H.R.
NEAR PERIPHERY: _FINAL REPORT

Moldaver, A.D.

14 Bafs. CEnginesring Res. Inst., Univ. of Michigan. Proj. No. ERl
2435, June 1958.

Two obsatrvers obtained visual detection thresholds for the foveal
centet and for 32 locations in the peripheral retina, within a
redtua of 12° from the fowes. The locations fell slong 8 equally
epacad seridiens of the visual field, at diotances of 1, 2, &, 8 and
12° fyan the fixation canter. These measurements ware oade ot cach

- 107 -~

of nine leveis of background luminance, ranging from zero to 75 foot
lamberte. A totel of 368,250 observations vere made utilizing the
tesporal forced-choice variant of the method of constant stimulf,
The target vas & circla ‘whose diamater subtended 1 minute of an arc;

. the exposure duration was 0.01 second. The relationship between

R threshold contrast and background luminance for the foveal and
peripheral locations was plotted showing discontinuities in the
qdz::ry. thess are said to rapresent the well-known rod-cone

reak"™,

-
‘ -

1960 WBITE, W.J. VARIATIONS IN ABSOLUTE VISUAL THRESHOLDS

DURING ACCELERATION STRESS

9 Befs., Wright Atr Dev. Div., Wright-Patterson AFB, Ohio. Proj.-
- Ho. 7222, Task Ho 71712, WADD Tech, Bap._60-34, April 1960,

See abstract under Illusions and Visual Perceptiont Cravitational -
and Vestibular Effects. -

1962 BEISCHER, D.E.

EXPOSURE OF MAN TO LOW INTENSITY MAGNETIC
Miller, E.F.

FIELDS

35 Befs. U.S. Naval Sch. Avia. Med., U.S. Nav. Avia. Med. Center,
Pensacola, Fla. July 1962,

See abstract under Flicker Fusion Frequency.




"
i

T el oD am e v v e e v e e n e Ao aaCew . )
o , . . - P
y " “ s -4 * M - °

. . ’ ] )
) - 108 - . - 109 - - -
- e i 3 . ) . .
- "XXI. VISUAL STANDARDS 8. Color perception—Jennings yarn cest cards :
-<~. 9. Muscle balanca at 20 fest—phorometer used, must be no more than
3 < 1° byperphoria or 2° exophoria or exophoria
1916 QUITE, G.P. NAVAL AVIATION PERSOWNEL - 10. Vieual acuity--20/25 0.U. distence and J1 0.U. near
11. N.P.C. 11 cm at age 20; 13 co at age 25, 15 om at age 30
Kilit. Surgeon, 39:353-350, 1916. 12. Ophthalmoscopy with euphthalmine.
‘e Many pecpls thiok the aviator must have acmws peculiar inborn qualiey

of means by vhich he is able to fly. Tha be; ing of naval aviati
- vas 1910-1911. Physical requirements are givagi? 1n8thc Manual for t::
Madical Dapartment U.S.N., 1914, Chepter 12, Paragraph 2113. Thess
. are:
B 1. Visual acuity shall be nomeal vithout glscaen.
vefraction is rejected.
2. The candidates ability to estimate distence wvill be determined
(mathod not given).

3. Color blindness for red, green or violat is a cause for rejectiom.

Any error of

1917 COHBOR, C.H. THR_SPRCIAL PHYSICAL BXANINATION OF AVIATORS
. POR_THE UNITED SiAYEG ARNY

No Befs. Mildt. Surgean, 40:29-32, 1917.
The report says, "the most importamt part of the inquiry narrows
¢ doim to the examination of the sense of equilibrium.” The importance
of the eye in this “sense” is acknowledgad. “The question of the eye
1s easily gattled, without perfect visicn a candidate e not to be
considered.” Causes for rejection arae:
Eye dissase, diplopia, scotomata or headache after use of the
eyes.
2. The oovemants of the eyes sust be regular and {dentical.
3. There nust be an entire absense of uyoecsous vhen tha eyes are
&t rest, straight shead or 40° lateraily.
4. A phorometer {s used to detect muscblar dificiency ond a
cycloplegic used for latent error of refrection and fundus exam.
Sevaral tasts are explained to determine the statc of equilidrium,

. L

1918 BACHMANN, R.A. THE EXAMINATION OF AVIATORS

Ho Refe. U.S. Naval Mad. Bull., 12:30-41, 1918.

The repo-: suggests s tentative routine beced on the examination

for flyers of the Army Signal Corps. Many of the tests are of

German and Austrian origin. The very complete eye exan includos-

1. Detailed history

2. Sterecscopic acuity of the Holmes sterecscope

3. Oculer movemants—motility test verticsl and horizontal

4. Pupillery reaction——direct, indirect and accommodative

3. latraocular tension~—by palpation

6. MNystaguus--should be noue looking straight ahead or laterally
40° or less

7. visual field--confroutation test

. quote,

AIR SERVICE MEDICAL N

1918 U.S. WAR DEPARTMENT

No Refs. U.S. War Dept., Air Service, Div. of Militery Aeronautics,
Washingten, D.C., U.S. Government Printing Office, 1918,

Pilots were classified into 1 of 3 altitudes at which they were supposedly
safe based on tests to determine thair ability to sustain anoxta.

Also ses sbstracts under Atwospheric Effects, and Depth Perception
eand Sterecpsis.

1918 LARCEY - THE EFFI1CIENT SELECTION AND CARE OF FLYING
- OFFICERS _
No Befs. Lancet, 1:190-191, 1918.

The paper gives a gensral treatment of the problem only. Useful
". + . it aust be remembered that, at preaent, these
(standards) are mainly tentative and thsoreticsal, and evolved for
the most part by medical men who have no practical knowledge of
eviation . . ."

AVIATION AND MEDICINE, AND THE SELPCTION

1918 ANDERSOM, H.C.
OF CANDIDATES FOR THE AIR SERVICE

Ho Rafe. Trans. Med. Soc., London, XLI, 240-270, 1918.
Transactions of the first meeting of any owdical society in Britain
baving talked madically about aviation are recorded.
1. Excess in smoking could lead to diplopia.
2. P. 251. 1Ia the vision exam the candidate oust have;
(a) unaided normal vision 0.U,
(b) nommal color vision
{c) vision of 6/9 with +2 D lans disqualified candidates.
3. Haterophoria nsy cause bad landings (red and green lens test
used to evaluate hetercphoria).
4. The night blindness test is given only for night bombing.
S. Stereoscopic vision “nesd hardly be tested".
The discussion aftervards was recorded:
(a) E Clark said szall errors vere infinitely vorsa than
“ large and obvious errors. Hetercphoria should be a csuse
for rejection, especially axophoria.
(b) J. Gallovay said vision tests must be standardized and the
candidate wust have @ full visual fleld.
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1919 AUYOMOTIVE INDUSTRIES

1920 D.S. WAR DEPARTMENT

1922 TEFFI, L.E.

P
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1918 FLACK, M. ) SCIENTIFIC TESTS FOR THE SELECTION OF P1LOTS s

POR THE AIR FORCE -

<

No Refs. Nstiva, 101:225-226, 1918, - - -

This papex seems to be based heavily on H.G. Anderaon's paper to the

Medical Socisty of London, It says, ". . . ths candidate shall have - -

accurate vision . . . {we) must rule out concealed hypermetropia . . .

A good color eense is also pecessary.” The tests are carried out

at the British Aviation Candidates Board.
. —ay

. .
N - .

* INTERNATIONAL MEDICAL REQUIREMENTS POR
ARRIAL NAVIGATION

Mo Befs. Automot. Industr., 41:199-200, 1919, e

v

Medical requirenments are given for the examination of “puoto drafted

by the Aeronautical Cormission of the Peace Conference in Paris. - -

The eye exanination ccasisted of: " -

1. The degree of visual acuity required must be compatible with B
the efficient performance of his duties.

2. No pilot can have more than 2 D of latent hyperopia. - .

3. Muscla balance must be good and cammensurate with refraction.
4. Each eye must have a good field of vision.

5. Color perception must be normal.

Each state may use f{ts own methods at present. Re-examinations
shonld be every six months. Bach state may raise, but not lower
these ninimus requirements.

<

AVIATION MEDICINE IN THE A.E.F.

No Refs. Office of the Adjutant General, Doc. No. 1004, H{shington.
D.C. U.S. GCovernment Printing Office, February 1920,

The entrance requirenent for 'phorfias exclude about 1° of hyperphoria
or 2° of excphoria at 6 meters. The report contains details of which
inscruments are uged for color vision end stareo vision tests.

Pcge 175 gives the effects of lowered oxygen tension on visual
aspects. Page 176 gives graphs of the weskening of ocular muscles
vith various altitudes. Accommodation requirements are recorded:
oear point of sccommodation at 20 years of age should be less than
110 mm, for 25 yssrs of age less than 130 ma, for 30 years of age less
thas 150 sm. Quots from page 184, “It seens that the converging
powver should nsver be less than double the diverging powver at all
distances " Equipment usad in the Ophthalmology Department is licted.
Coples of forms used in the U.S. Amy Aviation Medical are shown.

SPEED OF ACCOMMODATION AS A PRACTICABLE
Stark, E.K. ST mE s

1 Ref. Amer. J. Opchtal., 5.339-342, 1922.

- - 111 -

An experimant vas done vith a tachistoscope to see whether speed of
accozmodation should be a test in the standards to fly, Sixty
subjects vere used and a relationship of results was made vith visual
acuity, dspth perceptiom, accommodation, power of convergence and

. divergence, and retinal sensitivity measured with Cobb's apparatus,
At present the standards allov a lesway sbove or below the normal
for each as determined by Dusne.

1923 BERENS, C. THE EYE IN AVIATION: SOME EXPERIENCES IN THE
. - . WOERK OF THE DEPARTMENT OF ‘OPHTHALMOLOGY, MEDICAL
R RESEARCH LABORATORY, THIRD AVIATION INSTRUCTION
. - CENTER, A.E.F., FRANCE
Extensive Refs. Milit. Surgeon, 52:35-48, 1923, _ B
The paper clajms to be a complete bibliography; it 1s extensive anyway.
” Visual standards (1923) are given:
_ 1. Extrinsic ocular muscles--". . . it eeems that the converging
; - power should never be lese than double the diverging power at
all discancss.”
2. Accomodation—the near point of accormodation must not be greatcr
than* 110 mm at age 20 (9.09 D); 130 ma at age 25 (7.69 D); 150 mm
at age 30 (6.67 D).
3. Near point of convergence—"over 80 am would seem cause for
rejection.”
4. Visual acutty--uncorrected 20/20 0.U. with no more than 2 D of
latent hyperopia would seen to be all right.

1923 DAVIS, W.R. THE DEVELOPMENT OF AVIATION MEDICINE

1 Ref., Milir. Surgeon, 53.207-217, 1923.

The paper gives a general account of the early history of aviation,
The first medical exems for flying in the U.S. were given in 1912;

the first blacks and instructions for how to carry out the exam were
issued in July, 1914. The first Flight Surgeoo was appointed on
September 6, 1917. An interesting quote on page 214, ", . . exanmining
8 fliers eyes . . . does not call for a skilled ophthalmologist.”

1923 BRITISH JOUBRNAL OF

SECTION OF OPHTHAIMOLOCY: DISCUSSION ON
GPHTHALMOLOGY ‘CPHTHALWDLGGY IN ITS RELATION TO THE RAV

OPHTHALMOLOGY IN ITS RELATION TO THE NAVY,
ARMY AND AIR FORCE
1 Ref. Brit. J. Ophthal., 2:654-658, 1923.

Ses abstract under Ocular Muscle Balance.

1927 107, A.W. DISQUALIFYING EYE MUSCLE IMBALANCES N AVY/ QRS

8o Refs. U.S. Naval Bulletin, 27:335-338, 1927.
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Ses sbstract under Ocular Muscle Balance.

1927 LARCET MEDICAL REQUIREMENTS FOR FLYING AS LAID DOWN
BY THE INTERNATIONAL COMMISSION FOR AIR

NAVIGATION
Ho Refs. Lancer, 2:1361-1362, 1927.

Eye exan requirewents for private pilots were 6/9 C,U. with correcticn
if necessary. Ocular poise, visual fields, end color vision should
be normal. Eye exam requirements for the crew of alrcraft for public
transport otated that "tho cocndidate must ot be completely deprivad
of the use of either eye and his pupillary reflexcs must be normal "
Vision must be compatible with efficieat porforcance of his duties,
i.e. 100X visual acuity 0.U. vith out correction.

PHYSICAL QUALITICATICIS AND ABRONAUTICAL

1929 1CKSTADT, A.
ADAFTABILITY

-

No Refs. U.S. Naval Med. Bull., 27:9-16, 1929.

The study wa3 conducted to determine whether the variartion in qualicy

of visual attributcs vithin the standards hco cay bearing on training

fatlure rate. There was no correlstion between depth perception, lateral

ocular poise, hyperphoria, degrees of differ of dation

between thc two eyes, anisometropis and tho fatlure rate. Hence,

“differences in physical findings considered boar no relation to

students succeas of failure . . . the preseat standards sre not too

lax."” Some visual paraneters measured at this time were:

1. Dapth perception: 0-25 mn satisfactory

2. Heterophoris® esophoria and exophoria diotance and near (no
quantitative data)

3, Hyperphoria: 0-0.75 # satiefactory

4, Accosmodaticn: 0-2 D difference between cyco satisfactory

S. Anisometropis: (criteris for anisometropia not given).

1929 BERJAMIN, J.D. ANALYSIS OF AVIATICGN PHYSICAL EXAMINATIONS

No Refs. :dlt. Surgeon, §5:693-695, 1929,

An snalysic is given of individual causes of rejection for flying
in the Navy during the 18 months prior to the report. The report
shows that 20.8% of the cendidates were rejected for inability to
read 20/20. In all, 442 were tejacted for eyea alone. Hence, eye
defects are the greatest physical cause for rajcctiom.

1929 SIITI, E.R. TRENDS IN MEDICAL AVIATION

No Refs. California and Western Medicine, 15:377-382, 1929.

N . ‘
. ) - 13 - -

- On the sdvice of General Wilmer (eminent ophthalmologiat) 1/24
hyperphoria lizdt is aow raised to 3/44 (1929). OQuote, "the special-
ists at Pensacola have failed to note amy superiority in studant
pilots who just pass the various eye tests with those who have little
or no defects."”

1930 HERTZOG, F.C. THE EYR EXAMINATION

. Ro Refs. J. Avia. Med., 1, 1930.

Batveen 1928-1930, 78X of all medical rejections were for eye defects.
This paper 1s really an account of the authors personal eaye exam
routultne vith notes pertaining to iacreasing the reliability of the
results.

1930 THORNE, F.H.

N A _REVIEW OF OCULAR MUSCLE IMBALANCE (WITH

REPORT OF TWO-HUNDRED AND PORTY-FOUR CASES)

5 Befs, Military Medicine, 66.175~205, 1930,

See abstract under Ocular Muscle Balance.

1930 COOPER, H.J. THE RELATIONSHIP BETWEEN PHEYSICAL DEFICIENCIES

AND_DECREASED PERFORMANCE |

5 Bafs, J. Avia. Med., 1:4-24, 1930.

The British found during World War 1 that their first method of
sending snyone who passed the recruiting examination, or who was "a
vashout” from other branches of the service, to the air force resulted
disastrously. Results in the first year indicated that 60% of the
pilots killed met death as a result of physical defects. By a sub-
sequent demand for higher physical standards the initial 60X was reduced
to 121 4n tvo years. The Afir Commerce Act of 1926 placed standards
for civil aeronsutics under the administration of the Secretary of
Cormerce as "Air Commerce Regulations". "Physical Standards for
Airplane Pilots” elaborates on physical requirements and methods of
procedure for madical examination. Military regulation and atandards
for flying are much more rigid than civil ones. The International
Conmission for Air Navigation, formed in 1919, represents 26 foreign
coutries and its regulations goverm international air navigation.
Though the U.S. had not ratified tha 1.C.A.N. convention their civil
seronautic requirements adhered closely to them Regarding regulations
aade at this time, a delineation of the visual atandards for flying
personnel are given. '"Bad landings are frequently due to ocular
cuscle iwbalance.” Wilmer reports (Aviation Medicine {n the A E.T.,
Document Ro. 1004, Government Printing Office, Washinpton, D.C.) that
Clements of England found 841 of officers turned down for bad landings
were successfully trested by viaual training techniques. Trained
pilots should have at least 2 D of accoamodation. The Department of
Commerce considars color visicn, field of vision, diplopia, and
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wuscls tasts as part of tha routine visual examination. A delineation

of ophthalnic dispeneing of gogglee with end without prescription {s

made, Ceneral conclusion of the article: '"Physical departures from R
the nomal corrslate well with decreased performance."

1931 ASMY MEDICAL BULIRTIN TRE SBLECTION OF THE AVIATOR

Arwy Med. Bull., 26:6-25, Chap. II, 1931.

The report describes the methods of measuring the visual parameters - .
ia fuall.

Also eee abstract under Ocular Muacle Baiance. R -

1931 BEREES, C. PRESENT OPHTHALMOLOGIC STANDARDS FOR COMMERCIAL
Saith, H.T. AVIATION IN THE UNITED STATES

106 Refs. Trsns. Amer. Acad. Ophth. & Laryn., 36th Ann. Meeting, 1931.

Ses abstract under Depth Perception and Stereopsia.

1931 CHASE, J.S. EYES IN AVIATION

No Refs. Rocky Mountain Med. J., 2_8_.203-207. 1931.

A geoeral introduction to eye examinations for aviation is given.
The paper insinustes that W.H. Wilmer had much to do with forming
the original atandards. The following standards are given:

t of Coomerce, Trangport and Limited Commercial License
1926—20/20 0.U. separately without glasees, normal muscle
balmnce, visual fields, color vieion, and depth perception.

Stodent and privste pilot--20/50 0.U. corrected to 20/20, providing
the depth perceptica result is not over 30 mm.

Army and Navy additional requiremants--the candidate 1s disqualified
1f & latent error (spherical or cylindrical) of over 1D with
homatropine is found. The angle of convergence and the muacle
balmce at 30 co ie measured.

Ome eyed pilote are not acceptad because there are so many applicants

for esch position with 2 eyes.

1931 VURDEMANR, H.V. PHYSICAL RKAMINATION OF AVIATORS

3. Avia. Wad,, 2.23-28, 1931.

Osefal quotes, "20/20 or 100X sharpoess in sight required,"” and
“the ocular ausclas must function normally.”

- 15 -

1931 McALBSTER, A.W. BALANCE OF THE OCULAR MUSCLES AS RELATED TO

FLYING- SOME CONSIDERATIONS

No Refs. J. Avia. Med., 2:218-226, 1931,

The paper contains evidence that the original standards were pooled
judgements. Useful quotes, ". . . the circulare of {nstruction
speak well . . . for the farsighted intelligence of those who had,
by almost pure reason, to devise them . . ." Early methods of
investigation of ocular muscle balance are discussed. A man should
not be allowed to enter the service with a hyperphoria of 1°,

1932 BERENS, C. PRESENT OPHTHALMIC STANDARDS FOR COMMIRCIAL

AVIATION IN THE UNITED STATES
J. Avia. Med., 3, 1932,

Pages 89-94 Tables are given showing the visual standards fer ti-
following airplsne pilots,

1. U.5.—Amy, Navy, commercial, and private.

2. Foreign-—approximately 25 countries.

3. Internatiocnal--gervice and private pilots.

1933 SIMPSON, R.K. OCULAR REQUIREMENTS FOR FLYING IN THE U.S.

ARMY

- No Refs. J. Avia. Med., 4-106-110, 1933.

Pourteen steps, or phases in the eye examination are given.

1, Visual aculty 20/20 at 20 feet

2. Depth perception--Howard--25 mm maximum

3. 'Phorias at 6 meters—Risley rotary prism and Maddox rod v - d—
disqualifying conditions.

(a) esophoris greater than 44 if associated with diplopia cen
the tangent screen or greater than 1 D hyperopia (measurcd
by retinoacopy)

(b) esophoria greater than 104 i1f no other defects occur

(e) exophoria greater than 24 i{f aasociated with an angle ~f
convergencs that is less than 50° or diplopia on the tango
screen

(d) exophoria greater than 5° 1f no other defects occur

(e) hyperphoria greater than 1/2° with no other defects

4, ‘'Phorias at 33 cm exophoria greater than 124 disqualifies

5. Powsr of priem divergence: disqualified if greater than 158
or less than 48

6. BRed lens test at 75 cm, diplopia within 40° disqualifies—eny
nystagmus soted

7. External exsm

8. Size, shape and reaction of pupils

9. Ac::nodulcn wvith Prince or Thorae's tule, within + 3 D of Fuch's
table

10. Power of convergence: less than 40° disqualifies, legs than 50°
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disqualifies 1f sssociated with greater than 14 hyperopia
11. Central color vision with Jeunings self recording test
12. Fisld of vision for form and color with Schweigger hand perimeter
13. Refrsction grester than 1 DS with cycloplecgic disqualifies, greater
than 1/2 DC with cycloplegic disqualifies
14. Ophthalmoscopy.

1935 MASLEUNN, N.C. SOME INTERESTING PSYCHOLOGICAL PACTORS IN

THE SELECTION OF MILITARY AVIATORS

8 Befs. J. Avia, Med., 6:113-126, 1935.

Geeful quote, "many of these standards are arbitrarily conceived,

and they may or may not be ecientifically sound and mathematically
justified.” Basically the paper 1s concerned with psychologically
testing the pilot as there was still a high “wash-cut™ rate even
though the pilots passed the medical atandards. No tests are given
however. General Lyster and I.B. Joncs wrote the original examinatioan
physical for pilots (A.G.0., 609, May 1917).

193 WHITE, M.S. TESTS FOR COLOR-BLILDILSS

A8 Refs. J. Avia. Med., 7:134-142, 1936.

Sea abstract under Color Vision.

1938 SCUNICHYENBERG, A. THE EVALUATION OF ORTRO?TIC TRAINIRG FOR

AVIATION

mex. . Ophthal., 21.980-990, 1938.

The author suggested that static eye tests in aviation be replacad by
dynasmic ones. Re found that pilots with norwal visual apparatus
when tested by conventional woans somotimes chowved gross errors vhen
tested on orthoptic equipment.

1939 ARMSTMNG, H.G. PRINCIPLES AND PRACTICR OF AVIATION MEDICINE

The ¥illimme and Wilkins Co., Baltimore, Md. 2939.

Useful quote, “physical requirsments for flying first inscituted in
this comtry in 1912 and records show that the requirementa for
vision and hesring were obtained from the regulations of the Military
and Baval services and that a 'text book of physiology' was used

as the principle gource of information.” 1In 1916 the exan was
revised again and o new form completed in May 1917 (recordad on fom
60%9). A sterecscope was ussd to test depth porception.

Also see abstract under Physiopathology.

1939

1940

1942

1942 LILIENCRANTZ, €.

1942 WHITE, M.8.
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MASHBURN, N.C. THE SELECTION OF THE TRAINEE FOR MILITARY
= P73 -

So Refs. Nilit. Surgeon, 84:428-441, 1939.

The first Research Board of Air Service was established October 18,
1917, at Mineols, New York. 1In 1912 special regulations for physical
standards of the Signal Corps were set up. "The medical research
workers in this country profited greatly from the pioneer work done
in Europe (during World War I)."

U.S. WAR DEPARTMENT STANDARDS OF PHYSICAL EXAMINATION FOR

FLYING

U.S. War Dept., Arwy Regs. No. 40-110, Paras. 16-27, U.S. Governpent
Printing Office, Washington, D.C., April 1940,

The report contained just a copy of the standsrds; no ts were
oade. Also included was the maximum.-near points as determined by
a special formula,

AVIATION MEDICAL STANDARDS:
VS U.S. ARMY AIR CORPS

MASHBUEN, B.C. BRITISH R.A.F.

Marehall, F.A.

No Refs. J. Avia. Med., 13:62-71, 1942,

The eye exam section is spparently the most obvious difference

between the two. The paper contains tables of standards (1942)

for both USAAC and RAF. The most obvious differences were:

1. No refraction is done in the RAF.

2. More stringent and possibly more reasonable 'phorias tests
are done in the RAF.

PROBLEMS IR THE SELECTIOR OF AVIATORS

No Befs. J. Avia. Med., 13:107-120, 1942,

A brief survey is givan of all the physical standards. Some people
have criticized the visual standards as being too severe, but “ome-
eyed, color blind and grossly ametropic individuals can be taught
to fly sirplanes, just as amless individuals can be taught to write
or ewim."

A STUDY OF THE VALUE OF THE PSEUDO-ISOCHROMATIC
COLOR VISION TEST IN THE SELECTION OF THE
MILITARY PILOT

1 Ref. AAF Sch. of Avia. Med., Randolph Field, Texas.
12, Rep. Mo. 1, January 1962.

Proj. No.

Ses absteract undsr Color Vision.




1942

1943 BAHN, C.A.

1944 BAHR, C.A.

1945 BAHN, C.A.

1945 SOYAL CANADIAN AIRFORCE
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BAHN, C.A. OPHTHALMIC REQUIREMENTS OF THE MILITARY SERVICE

Arch. Ophthal., 27:1202-1213, 1942.

A refraction is carried out with cycloplegic. In the Army each aye
uust have sn error less than +1,5 DS or 40.50 DC. In the Navy each
eye must have an error less than +2,00 or -0.50 DS or +0.50 DC. No
dark adaptation tests asre given,

OPETHALMIC REQUIREMENTS OF THE MILITARY

SERVICES, REVISION REBRUARY 1, 1943
Arch. Ophthal., 29-831~843, 1943, R
A change in requirements from the sbove paper (1942} are given:
1, Different standard for power of convergence. .

2. Power of divergence further defiued.
3, BRed lens test further defined.

OPHTHALMIC UIREMENTS OF THE MILITARY
SERVICES: CHANGES FROM FEBRUARY 1, 1943

TO JANUARY 1, 1944
Arch. Ophthal., 31.160-161, 1944,

The requir te are hanged from 1943 except for those pertaining
to the Army Air Corpe (see above paper). Some are slightly relaxed
for spplicancts for air crew training.

OPHTHALMIC REQUIREMENTS OF THE MILITARY

SERVICES. CHANGES FROM JANUARY 1, 1944 %0
JANUARY 1, 1945

Arch. Ophthal., 33.243-246, 1945.

The differences in the requirements from 19644 are.
1. Visual acutty 1s tested at 50 com.
2. Exophoria does not have to be less than 44 when associated with

prisn divergence less than 44,
3. The powsr of convergence muast not exceed the P.D,
4. The tadle or required accommodative statua is given.
S. The table of required field of view is given.

VISUAL FACTORS IN AIRCREV SELECTION

4 Refe. Assoc. Comm. of Avia. Med. Res., National Res. Council,
Canada. Rep. No. C2791, February 1945.

See abstract under Ocular Muscle Balance.

. ———
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1945

1945

1946

1947 LYORS, B.E.
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SCOBEE, R.G. A COMPARISQN OF TES1iS FOR HETEROPHORIA:
Green, E.L. VARIATIONS THE SCREEN-MADDOX ROD TEST DUE
Moss, H.L. T0 OCULAR DOMINANCE, RED COLOR AND SCREENING

SCOBEE, R.G.

NBC COMMITYEE ON SELECTION A STUDY OF VISUAL AND CARDIO-VASCULAR §°
AND TRAINIRG OF AIRCRAFT

12 Refs. AAF Sch. Avia, Med., Randolph Field, Texas. Proj. No.
375, Rep. No. 4, July 1945.

The report shows that esophoria is induced both at near and far
with a Maddox rod whether 1t is white or red. However, a whita
Maddox rod induces about 0.250 less esophoria at 20 feet. It ig
also shown that no significant difference s found in the reaules
vhether the Maddox rod 1s placed before the dominant or non-dominenc

eye. He recommended that the standards should be changed to accommcdara

the above.

Also see sbstract under Ocular Muscle Balance.

AN ANALYSIS OF THE OPHTHALMIC PORTION_Q. M
64" RXAMTRATION® MUSCLE BALANCE-A
SUMMARY OF SUGGESTED CHANGES

7 Refs. Army Alr Povces Sch. Avia. Med,, Randolph Field, Tenas.
Proj. No. 139, Bep. No. 2, August 1945.

See abstract under Ocular Muscle Balance.

IN RELATION TO SUCCESS IN FLIGHT TRAIHINl\

PILOTS

CAA Div, Res., Report No. 62, Washipgton, b.c., 'Hay 1946,

No significant relationship was found between visual cardio~vssc ‘ar
defects inwvestigated and criterion measures of proficiency in th._
flight training course. The visual factors included acuity, dep*
perception and accommodation. Four gamples of R.A.F. cadets in
tralning at 4 centers in the U.S. served as the subjects. The R.a +
standards were lower then those of the U.S. services--hence it
appears that the Army and Navy standards are unnecegsarily strinecre.

ANALYSIS OF THE CAUSES OF DISQUALIFICATION
OF 164,687 APPLICANTS REJECTED FOR AVIATION
TRAINING

J. Avia. Med., 20:193-200, 1949.

See sbstract under Physiopathology.

AN 3
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1947 VIIBLES, M.S.
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IMUs, B.A. EVALUATION OF BYE EXAMINATION

72 efs. U.S. Navy Sch. Avia. Mad., Pensacola, Florida. June 1947.

Two humdred and fifty Naval Aviators whe had retumed from combat or
operational tours of duty were given complote ays exazs snd other
tests. The subjects sges ranged betwean 20-30, an Orthorater was
used in testing. Extensive correlstions were made bstwesn the tests
carried out. No significant relationship betwveen for lateral phoria
and depth perception was found when measured with the Orthorater.

The four tests of depth parception used had a low dsgres of corrslation
betweaer them. The 30 mm limit on the Howord-Dolman test was fatiled
by 12.42 of ths subjects. Useful quote, "tha vieual otandards for
Haval Aviation had been establighed some 20 years praviously (about
1924) upou en arditary basis, using the best ophthalmelogical judge-
ment at the time as to vhat constituted nomal visual performmncs.
Unfortmately for sciencs, tco fev parsons with defective vision

are villing to attempt the flight training without vearing glasses
vhich correct their visien to normsl.” Ths ozudy supposes that
important visual factors would cluster arcund the same level, vhereas
others would show a wide distridbution, e.g. depth perception has a
wvide distridbution.

Also see abstract under Ocular Muscle Balanco.

VISUAL STANDARDS AND FLIGHT PERFORMANCE
16 Bafe. J. Avia. Med., 18:528-547, 1947,

Two bundred subjects were divided into 4 groups.

Group A—contained 80 subjects with 20/20 0.U. or better; they had
very good sterscpsis and low refractive error.

Group B—contained 40 subjscts with 20/50 oz worse wncorrected with
20/20 corrected, high stereopsie, refractive error under
3.00 DS or 2.00 DC also present.

Croup C—containsd 40 subjects with 20/100 or worse 0.U. uncorrected
with 20/50 corrected; atersopsis of 10 e at 6 meters snd
refractive error of sbout 4,00 D also present.

Group D—contained 40 sudbjects sub-grouped into 3 groupa, all
basically monocular.

A dafinite relationship was shoun between visual efficiency end

flight performance. The failure rate of & 50 hour private flight

training course was as follows: A) 152 B) 21X C) 30X and D)&9X.

However, the study showed that students with dofective visual acuity

ware lass motivated to fly than those with unicpaired vision. It

ssems that those in groups C and D way have Deen influenced by
commsnts mads to then saying they ware endeizaring themselves in

mmdertaking flight tratning. Page 341t 32% of ths sudjects tn C

and 27X {n D sttained scores above the svarago ian A. Ho aceidents

were reported in the whols study of 8,000 hauzg.
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THE BELATIQNSHIP OF HETEROPHORIA TO DEPTH

PERCEPTION IN AVIATION

23 Befs. 4Amer. J. Ophthal., 33:1479, 1775, 1891 (3 parts), 1950.

1950 Mcaauls, J.V.V.

A wost extensive review of the subject is given. The final conclusion,
“am the basis of these findings, it is recommended that no limitations
bs placed upon ocular muscle balancs for pilot duty, providing the

" ecapdidste has uno frank diplopia.”

.

HISTORICAL BACKGROUND AND ORGANIZATION OF

1950 P. B.E.
THE PILOT SELECTION PROGRAN

CSAF Sch. Avia. Mad. and USB Sch. Avia. Mad. & Res., Joint Proj. Rep.
No. 1, March 1950.

The report is concerned with the selection of people suitable to be
afficers, and various psychological tests, not physical etandards.

1951 WAPAN, B.J. SOME ASPECTS OF PROBLEMS OF VISUAL STARDARDS

3 Befs. From, "Blackwell, H., Minutes and Procs. NRC-Armed Forces
Committee on Visicn, 29th Meeting, 1951.%

A general gurvey.

1954 XKuIWSKY, E. AN _APPRAISAL OF AVIATION EYE TESTS WITH
RECOMMENDATIONS

8 Refs. J. Avia. Med., 25:243-253, 1954,
See abotract under Ocular Muscle Balance.

1957 BUZIl, R.R. HISTORICAL REVIEW OF AIRCREW SELECTION
25 Refs. Air Univ. Sch. of Avia. Med., Randolph Field, Texas.
Eaview 1-56, Ssptember 1957.

The study is concerned with the "psychologic selection of pilots,”
from the "beginning of powered flight to the present.” In 1912 the
fivet physical exaa was given for flying. “Visual acuity vithout
glasses should be normsl . . . color blindness for red, green, oT
vinlet 1is a cause for rejection . . ." "It appears possible . . .
{1957) to davelop a battery of tests which can be used to screen
osz candidatas vith poor prognosis for adaptability to military
"
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1958 THORME, ¥.H. QPHTHALMOLOGY IN AVIATION

No Refs.

Arch. Ophthal., 19:253-277, 1938.

The physical requirements of military and commercial sviation are
"“rigid and sre scrupulously maintained.” The purpose of standards
18 to reduce to a minimun the number of parsons who may become
incapacitated later. Physical atandards for pilots of all typea of
atrcraft and of all types of flying are set by the Armed Forces and
Dapt. of Commerce, and all pilots must have a physical exam every
6 montha, There are four visual elements of concern in the exam

(1) Acuteness of visiem

(2) Judging distancs

(3) Bfficiency of the extraccular muscles

{4) Color discrimination
Near vision and amplitude of accommodation are also considered,
The Howard-Dolman apparatus is used for depth perception. The
relationship b dation and rgeace is assumed to
be 1:1. Regarding color testing, the military follows an outline
by Cooley and Grow (Cocoley, E.E., and M.C. Grow, Color Vision, Army
Med, Bull., FRo. 34, 1-31, January 1936) which delinsates color
vision and defectives basad on the Edridge-Green theory. The Ishihara
plates and the Holmgren Yarn Test are routinely used, the latter
claimed to be the most efficient, and thus subsequently used when
doubt arises with the other tests. The visual standards were adopted
when flying was in 1t's fnfancy, and experience was minimal.
Consequently, they are more or less arbitrary. Scientifically,
the adopted limite have never been justified. Many standards wvere
derived from statistical masns, and people wvith greater error have
never been allowad to demonstrate their sbility. However, relaxation
of the visual standards is not warranted because, ''the basis on
which they are founded are sound.”

1962 FIRLDS, V. (Bd.) FRASIBILITY OF DESCRIBING VISUAL DEMARDS

OP MILITARY JOBS

Ho Refs. Arwed Yorces-NRC Comm. on Vistion, Rep. of working group
10, Office of Raval Research, Contract No. NONR 2300(05), Oct. 1962.

The report contsins an explanstion of job analyses being done to
enable visual standards to be postulated.

) A BEVIEW OF THE ARMED FORCES-NRC VISION

>
COMMITTEE'S ACIIVITIRES RELATIVE TO V! SUAL
STANDARDS FOR MILITARY TASKS, 1944-1945

Armad Forces-NBC Comm. on Vieion, Vieaual Problems of the Armed
Porces, Washington, D.C., 1962.

1962 MOBRIS, A.

A very brisf sumsary i{s given of the contents of Armad Forces-NRC
reports from the lst-14th (celled U.S. Army-Navy OSRD Visicon Committee)
and 15th-35th (called U.5. Army-Havy NRC Vieion Committee).

Py
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1963 2INK, D.L. VISUAL EXPERIENCES OF THE ASTRONAUTS AND

COBMONAUTS

11 Befs. Human Factors, 5°187-201, 1963. -

See sbatract undar Space Flight, Including Recomnaissance and
Surveillance.

1964 DEPARTMENT OF THE AIR
FORCE

AIR FORCE MANUAL 160°1

Alr Force Manual 160:1, Department of the Air Force, Washington,
D.C., Pebruary 1964. .

Vieual standards page 131, Attachment 13 This section contains

the most recent visual stendards except for an amendment of February %,
1967 vhen "failure of the red lena test in the absence of other eye
defects” would not necessarily disqualify the candidate for flying

. training. -

VISUAL REQUIREMENTS FOR FLYING: SOME ASPECTS

1964 JAMPOLSKY, A.

Morris, A. OF_RE-EVALUATION
10 Refs. Arwed Forces-NRC Comm. of Vision, Rep. on working group

20, Office of Naval Research, Comntract No. NONR 2300(05), June 1964,

Interesting quotes, "inequalities exist in the degree of perfection
required in the different visual capabilities as established in the
visual standards for flying e.g. 20/20 visual acuity, with as much as
104 of escphoria allowed." “. . . visual tests . . . are . . . speciricd
(but) there is a lack of wniformity in caryimg out the instructioms,”

". . . vision may not be as important for present day flying as was
formally supposed.” "Pooled visual judgements . . . appear to have
proven satiafactory velative to the selection of persconnel for €flying
tasks.” A system using a matrix of visual parsmeters and ten grade
decrements is suggested.

1967 JoNES, W.L. ADVANCED VISION RESEARCH FOR EXTENDED

Allen, V.H. SPACEFLIGRT
Parker, J.F.
9 Refs. Aercspace Med., May 1967,

The paper describes the NASA research program and recent (1967)
ressarch.

THE EFFECTS OF ALTITUDE ON CERTAIN ASPECTS
OF VISUAL PERFORMANCE

1968 OQHLBAUM, M.K.

26 Rafs. M.S. Thesis, Div. of Optometry, Indisna Univ., June 1968, -
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No jostification for presant USAF stendards of minimum accommodation
vas found snd an absolute minimum of 4-3 D iIs suggested. The author
agrees vith Scobes in that altitude has no significant effect on
the ‘phorias.

Also ses sbstract undar Depth Perception and Storeopsis.
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