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Comittee an Aviation Puychology
July 16, 1948

Dr. Dean R. Brimhall

Asgistant to the Administretor
for Research

Clivil Asropauntics Adwinigtration

Boom 5217, Ccamerce Building

Waghington 25, D. C.

Dear Dr*. Brimhall:

Attached is a report entitled An %ﬁmig of the Ro%-
tionship Between Viewmal Ability and Flight ormance, sulmitted by
the Caomittes on Aviation Peychology with the recommsndation that it

be included in the series of Technical Reports of the Pivieion of
Besearch, Civil Aerconautios Administzretion. .

The stuly described in this report represents a pionsering
effort to obtain, through rigorous field experimantation, odjective
evidence pertinent to the establishment of vieual standards in the
licensing of pilots. Of particular intsrest is the fuct that the
investigation represents the coordinated effort of paychologists,
ophthalmologista, physiologists, and of others who ccmbined their
solientifio resources for the impartial and objective analysis of
this aspect of ;rivate pillot licensing procedures.

Cordially yourw,

7/

Morris 8. Viteles, Chairman
Camittes on Aviation Peychology
NSV:m Mtional Ressarch Council
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ACEROWLEDOMENT

The investizaticon demcribed in this report wms conducted under
the direction of the lational Remoarch Council Committees on Selection
and Training of Airoraft Pilots {now the Cormittee on Aviation Paychology)
ag o cooperative effort. I¢ is 1ot the work of any single individual.
The study was initiated at the request »f Dr. D. R. Brimball, assistant
to the Adminiptretor for Regearch, Civil Aeronautics Administreticm, fol-
lowing inquiries aa %o the poesibilities of such an investigation from
tho Civil Aeroneutics Board. The study was Cesigned by s Committee on
the Vipual Study of the Committae on Selection and Training of Alrcraft -
Pllots, including Dr. W. R. Miles, chairmen, Dr F. C. Flanagan, Ir.
Raymond Frengen, Dr. Peter Kronfeld, and Dr. M. S. Viteles. DIr. Poter
Xronfeld and Dr. W. O. Fenn, representing Mational Research Council Com-
mittee on Medical Problems of Civil Aviation, amd Lt. Col. Joim L. Mattheg,
from the Asro Medical Association, helped in defining the limitas for the
vieual groups and in planmning the visual tests and the ophthalmological
examination. Dr. P. J. Rulon, & member of the Executive Subocwmittee of
the Comittee on Seloction and Tra‘ning of Aircreft Pilots, and Dr. Bay-
mond Franzen acted as ppecial consultants on the statistical agpecta of
the study. The investigation was gonducted at the School of Ariation,
Ohio State University, under the general supervision of Dr. Floyd C.
Dockeray, with the zssistancs of Dr. G. Gorham Iane and Mr. David Bakean.
The dotails of the ophthalmological axamination were formulated by Ir.
Poter Xronfeld, and the administration of the visusl tests was super-
vised by Dr. Glenn A. Fry, Ohio State University. Brigadier Genorel E.
G. Beinartr, AAP School of Aviation Medicine, cooperated in making aveil-
able the services of a staff ophthalmologist, Col. N. J. Reeh. Tip sta- °
tiotical analysis was conducted by Mr. D. Bakan. Tho feport; wes written,
in the main, by Dr. M. 5. Viteles, Mr. E. S. Evart, and Mr. D. Bakan. In
general, the atuly was in every semse & cooperative effort, involving the
collmboration of peychologimtm, rhyslologists, ophthalmolagi~ii, and medi-
cal practitioners, using funda provided tlrough the Divieicen of Reseavch,
Civlil Aervnautices Administration.
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EDITCRIAL FOREWGRD

The invemtigation deacribed in this report, undertaken by the Commitiece .
on Aviation Pesychologyl at the request of the Civil Aeronautica Administra- :
tion, waa designed to determine the relationahlp between visual measuree -
and flight performance.

Both the Civil Aeronautics Board and the Civil Asronautica Adminiastra-
tion have taken the position that private or non-comercial flying should
be made more easily available to the imdividual. A orucial probleam in this
comnection is that of setiing standards for the certification of pilots at
a point which will permit ths cortification of all those who can lsam to
fly and are able to meot the ordinary demands of eafe flying following -
flight instruction. o

e e B e

e

Such a poipt cannot be establishad with complete smatiafaction for any

physical meapure without experimentation. The NRC Cammittee on Aviation i
Poychology was asked by the Civil Aercnmautics Adminiatration to undertake i
the necassary research for reasons which are stated in correspondence from B
the Civil Asranautics Board to the Civil Aeromautics Administraticn which .
led to the development of the reaent experiment.

4

&

"We have noted with great interast the strides which have
besn made by your Division and yowr contrector, the Hational
Ragearch Council, in formulating objective standards for de- :
termining the requirements for piloting a plane. We are T
particularly impressed with the methods whioch have besn de-
veloped for improving the objectivity of instructors’' and
inapectors’ Judgments of student pilot performance emd in
providing photogrephic and other objective devices for
measuring pilot psrformance.

it
e
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"It ocours to us that the availability of such cbjective
indices of pilot performance places you in an excellent
POsition o explors further, under coentrolled conditionas,

the relationship betwsen physical stamdards anil performance
in leaming to fly during flight. In particular, we are
interested in having you do a carefully depigned study of

the reiationshipa between vipual standards and flight ver-
formance with respect to the certification of civilian pilots, :
bearing in mind any Justifieble differences in staniarda be- ¢
tween private and commercisl pilots.

"You can be asgured of our full coopsration in such experi-
mantal vork if it is accepiable to you and to your contrac-
tor."

Prior to the research described in thie roport, D. R. Brimhall and R.
Freanzen, of the Civil Aeronautice Administretion, had conducted a study in-

R T A L N

lpormerly the Committee on Selection and Trainirg of Alrcreft Pilots.
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volving an examination of the conaistency of visnal measures and their
significance in relatlon to accidents. Ubder the direct auaploes of the
Committes on Aviatlon Paychology, thers had been two studies of the rela-
tlonship between vioual msasures and progress in lsarning to fly on the
part of BAT cadets, who received training in this ocountry Quring World
War II, which pointed to the absenve of any significant relationship be-
twean established visual staniards and flight performance. BKeither of
these studies, however, ylelded results directly pertinent to the problem
of establishment of standards for certification of private pilots.

The results of the present investigation provided evidence of a rela-
tiomghip between visual efficiency and proficisnoy in learning to fly a
ilght airoraft. It also showed clearly, however, that many individuala with
marked defecta in vislon were adle to learn to fly sufficlently well to be
granted licenses as private pillote. At the same time the inwestigation gave
indications of specific areas in vhich visumlly deficient student pilots
experience difficulty and suggested the desirebility of research in tha de-
voelopment of instructiocnal procedures, particularly with respect to landings,
adapted to the training of visually handicapped students.

From the findirc: ani analysis presented in this report the Committes
on Aviation Peychology has resosmended that individuvals with visual defects
characteristlic of subjects in the experimsntal groupe vho are seeking train-
ing at their own expense, bs acoepted as student pilots for the private
£light certificate undar two conditions:

l. that they de informsd that the probabllity of obtaining a
licensge 1s lower than for persons with better visual effi-
clisnoy.

2. that in flight testing such applicants for certification as
private pilots, particulsr emphasis be given to perfiormence
on landinga.

It is e2lso recommeniied that consideration be given to the development
of specialired training procedures, directed at those areas in wiich visual

defectives appeared significantly less profisient.

M. 8. Viteles, Chajrman
July 16, 1948 Camittee on Avistion Pxychology
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" SUMMMRY

The purposs of this investigation was to determine the relationship
between measures of visual efficiency and flight performance; that is, to
determine whether there is any demonstrable relatlcaship bstween the visual
efficiency of subjeots (covering a wide range of visual abilities) and thelr
proficiency in learning to fly light aireraft, as measured by a aumber of
orliteria of flight performance,

The subjeots employed in the investigation were drawn from the student
body at The Oblo State University and from the Colimbus, Ohlo, area. One
hndred ninety-four subjecte were selected from 843 aPplioa.nts. All subjects
were males, between 17 and 29 years of age, inclusive,

- Subjeots were assigned to fowr visual groups. Group'd consisted of sub-
Jects whose vision was "normel" without glassee; Group B, of subjects whosze
vision was essentially "normal"® providing correcting glasses vere wora} Group
C, of subjeote with considerable visunl deficlency not necesparily correctible
to normel even with glasses; and Group D, of effectively monocular, or cone-
eyed, individuals, All subjecte except those in Group A wore glasses dwring
training, There were 30 subjects in Group 4, 38 subjects in Group B, 40 sub-
Jeots in Group C, and 36 subjecte in Grouwp D,

Subjects were given fligh! tralning in accordance with the requirements
of a oontrolled course of primary flight instruoction approved by the Civil
Aercnautics Adminlatration, the experiment being couducted during six academic
quarters st The Ohio State University, Flight proficlemoy during, amd st the
completion of, the training course was aspessed by means of s mmber of eri-
terion measures, covering hoth gereral and specific aspects of flight rerform-
ance, Each subject also was administered the private pllot flight test by a
CAA Flight Inspector or Flight Exasiner,

The results of the investigatlon provided evidence of a relationship
between visunl efficiency and proficiency in learning to fly light aircreft.
This was indicated by the significantly greater incidence of failure in flight
training umong subjects in Groups O and ), than among subjects in Groups A and
B, aa well as by significantly poorer performance of the marked visml defec-
tives in terms of six of the thirteen spsoific meapures of flight proficlency.

The study also showed clearly, however; that many individuals with
marked defects in vislon were able to learn to fly sufficliently well to be
granted licenses as rrivate pllots, and that a number of the subjects in
Groups C and D exhibited flight moficlency equal or superior to the average
of subjects in Group A, in terms of specific criterion measures. Amalysis of
data from subjects who passed the ceurse indicated that when only these sub-
Jects who were licensed were acnsidered, the mumber of specific oriterion
measures in terms of which dirrecmntia.tim of visual pgroups was evident mas
reduced to two. These two measures pertained to landing performence, Addi-
tionel analyses were made to determine specific aspects of flight performance
in which vipually deficient subjecte might bs inferior,
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From the findings and avalysis presented in this report the Committee
on Aviation Paychology has recommenied that individuals with visual defesots
characteristic of sublects in the experiasntal groups who are seeking train-
ing at their own expenss, be accepted as student pilots for the private
£14ght cortiricate under two conditions:

1. that they be informed that the probn‘bu:l.ty of obtaining .a
liocense is lower than for persona with bhetter visual effi-
cim’o .

2. that in flight testing such applicants for certification as
yrivate pilots, partieular emphasis be-given to porfommo
on landings.

It is alec recomsended that conmideration be glven to the development

" of specializel training procedures, directed at thome areas in vhich visual

defeactives appenred significantly less proficient.
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The purpose of this fnveatigation was to determine the relationship -
between measurea of visual efficiency anmd flight performance; that is, B

to determine vheother there ia any demonstrable relationsiip between the P
visual efficiensy of subjects [covering a wide range of visual abilities) 4
and their proficiency in learning to fly light aircraft, as measured by a ¥h.
number of sriteria of flight performance. e
This stuly was undoriaken im accordance with the position of both EF
the Clvi) Asronsutics Board and the Civil Aeronautics Administration that. .- f&i;
private or non—commercial flying shouid be mede mm'e sasily available to . - ..%
the individual. One oruecial rroblem in this conpecticn is that of setiing - e
standards for the certification of pilote at a point whioh will permit the = .
certification of all thoss who can Jearn to fly and are able to mset the | -

ordinary demands of safe Plying foilowing f1ight instruction. Swh a poimt 17
cannot be establiehed vith complete satisfrction for any physical measure il

without experimentation.l

While the original requeat for reseavych, frem the Civil Aeronautica

-Administration, applied tc rhysical standarls in gensral, the present '

ptuly ie limited to an investigaticn of the relatiocnship betwoen visual . o
measures and measures of flight perlovmancs. SubJjects for the investiga- - . .~
tion (all males, betwsea 17 an! 29 yeors of ege) were seledted on the
besles of four categuries of visual o’intency previously established, .
with particular referenco %t visusl acuity. Eseeantially, Group A comsis- -
ted of .subjects with normal visiom; Group B, of aubjeots with unccyrected
vision scmevhat. lecs than acrmal but correctible to normal; Gronp €, of
sub jecta exhibiting greater refrective orror than Group B; amd Group D;
congsleting of eubjeots wvho vere effectively wonocular. :

An estimate of the %namonoe, in the gensral population, of subjeots
falling in, and between,“ the four visual groups established for thia ex-

ihie 1s particularly true with respoct to msasures of visual effi-
ciency . Although several investigations have osen conducted which -throw .
some light on the gquestion of the raiatiocnship between vieual ability and - .
Tligh% perforsandse, little experimental work heas hesn oorducted, and euch
provious work as has beon done cannot bte concidered cohslusive. Rurther- .
more, considerebls "folilere™ has developed regarding the effect of visuzl -
deficiency on flight perfurmenco. e

2as noted subsequently (see page 4) a discontinuocus, rather than a

suitebie to the purposes o? the experimont.
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-gations 1s thet, in every instmnce, there hue baen some pre~selection of

perinend ia presented In Tabie 1.-

EARLIER STUDIES ON THE RELATIONSHIF SUTWEEN VISUAL
CHARACTERISTICE AMD FLIGRY PERFORMAYCK

4 suwwey of the literature reveals 1little that may be taken gs con-
cluslve concerning the relationshin between vieion and flipght performance.
Fesentlially, two methods of investigstion bave been used. One mothod has
baen to classify the subjects cr the bazis of their visusl charasteristics
end to compare available flight performance records. The other method hae
besn to clssaify the subjecis on the basise of flight performance and to
compere them on the basis of thelr vision.

Omne of the major reascns for the inconclusive nature of these inveati-

pilots un the tesis of their vision, thereby eliminating individuals from
the low end of the visual contipuum. Such pre-srisction wenld tend to
“as ths outcoms of *heee 1nvastigatians”

Following is 8 brief summary of sowe of the more important investiga-

: ‘i;ﬂktlnns bearing on the relatiorship between visuel ability and flight per-
. formance, A selected bibliography is presented im Appendix 2,

In 1929, Icksetad: {2) found that the percentsge of failures among

. 486 Ravy students in flight trsining did not lncrease ea the degree of

vizuan: defect increased. Irckatadt slso investipated the visual charscter-
istios of 69 outatanding successes end 202 fallures, and could find no
significant tendency for either group to be superior on any of the vieusl
negsures used, with the possible exception of kyperphoria. In this in-

#tencs, he found that 71% cf his successes, a3 compared witn only 53 3%
of his fallures, dld not hive hyperphoria.™

[

EcFarlaﬁd Grayblel, Liljenerantz, and Tuttlo (&) oxamined 200 civil
sirline pilots, having an sverage of 5655 flylng hours and ranging in ege
frem 20 to 47, These pilote were found to have vision well within the
stardards set up for pilots in 1939. The fact that the meuns of those
pllets wore well sbove minimum atandards may noi nscessarily be taken ea

. indicatlve of a relatlonship betweer visual ability ard #1ight perfarmence-
‘bacause of the prchable operstion of pre-selsation as a b*asing Tactor.,

3This eetimate was mede by Nr. Feter C. Xrorfeld, a meuber of the
subcommitiee on the Visual Siudy, established br the Commitiee oa Selection
ard Training of Mreraf't Pilots (now the Committee on Aviation Paychelogy).
Dr. Valter R. Miles was the Choirmen of thig subcommities,

“his difference 1s signiricant st the 10% level of confidence,
(Ickstadt does not himpelf remort any statistical test of the egignificance

of this difference.)

P o , } . ) . e
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Paddan 3. reviewed dste an VIC ple 'plicte and found cornaiderabls
variasbility 1u depth percentlion atility., Thase p’lots al) had unblenished
flight recorda. FHe does not repor: 1w fncidenve of defect.

‘Brimhell and Franzen .1) examired the modical :scords of 750 Royal - &
Alr Forece cadets whc were belng tralned inm the United States. The visual IR
requirements for the Noyal Air Force vgdete were lowar than the American -
standards, Fc rolationship zould be found bstween flight performsnoce and L3
the degres tc whish pilots mst the American visua® standards., One of the - y
weaknegees of this investigation was thet wmedical records were lacking far
svtjects who vero sliminated early in tralning.

N ¢a_';:._-f

A pimiler investigavion {9) followed the former ome, in which some- of
the shorteomings of this earller inveatigation were ocorrected. In thie
study, medical records ware avalleble for all cadets entering training.
dgain the reeults did not indicate sny relstiorpship between vieual character-
istice and measures of flight performance. However, the incidence of serious
defents in the mample studled was oxtrerely slight.

‘.‘
T .
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in 1944, Mofarlend ard Franzen (5) reported am investigation on 1002
Naval cedets and officers at Psnsacols who hsd passed 10 hours of prelim-
irary fiight tralning. The telationship betrveen success and fellure in - o
flight training and three visua® teslts developed by the Dartmonth Eye

Tnetitute for measuring space percepition, as well gs measures on derk .
adeptation anc eye fixations were giudied; Fo significant relationships
b tween viauui mosanres amd flight performirice measures were found. ‘

" ¢
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Peckham (/) directed the exmr!nation of 242 of the Naval cadets at
Pensacola, Whether the results he raoorts are for the same subjecte as
those reported by McFarland and Franzen {5) conld not be determined from
Packham®g report. He repcrte resnlts somewhs® contredictory to those re-
ported by MoPFariand and Franzen. V:Ith one ¢f {re Dartmouth tests, the Y
elkonometer, no sipgnificant differer-: sas found between thirty-thrae e
fsilures and fifty-peven successes. However, wilh two kinds vi' mpuaratus = o)
meanring space perveption [the lea” room ard the frontal plang)}, he found e,
8 difference significant at the 2% Lavel of contidence, He copcludes that - ,j¥;%
the results indleate tnat epigelikonla does inpalr £iight performance to a cT Q{

-atatislicelly 1elinble degree, on the condition thet poor space perception SRS
be congicered & Lewe measure of anlsaikonls. ‘

ik

Somewhat reiated to thls ave ths questlons as toe w“ather binccular susa
are essential for apsace parceptidn av whetiwr alreraf't can be suoceasfully 5
flown by monoculsr pilots, Jerman (3} adminlstered a depth perception tual -
S0 moncenler pilets Xnowe tz be suscesaful. Yo found n few wers succsasful

in passing the tesi. Hq obeerved thwl a subsiliute Ffor blmoculs; parallax ' L”‘%
wae found by shifting i nead #lightly in ardur to use one eye {rom two }‘gg
pesitions to obbeir Lha caralisebis sngle. 'in;§7
An dovestlgation on obe elatboship Helwesn vipaal charaoteristica :;}ﬁ
and fiight perforaaice ia relﬁrted in the progecding: ol the 15th Annuel T

Heetine of the Acsoriated Uempdtive on Avi<tim Badical lessarch of the e
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Nationsl Fegearoh Counchl of Semade ¢ The velwvlomzhip tetseros o ipual
charscteristize and success wn rajoins Yor Lulf pilot traiizse wee ln-
vogtipgated. 1t was found thut low vi-wal womidy, Wgperphoris, eouvvesgencs

Inefficiency, and reflrective erros wers -pnifivsaviy r3lsted to parform-
ance in flight training, '

In view of the eomtradistery nature of thes: fladiugs a ceretully
Lontrolled excorimental study ol bthe relgclonshiypy beiwesn vinusl eofficiency
and flight performsrice geemed to have partlowlsr significande, [ils seewsd
espocially true pince previous work bas 1ot beern congecned ilvectly with
the establishenmsnt of visuel stsnderde wit} reference o prilvete, civilian

£1ying.

ESTABLISAMENT OF VISUAL grOuUPS

‘One of the firs® quesiions which aress in deglgning the axperiment wae
whether Lo use {a) suhjects giving a continuous Zlstribotior of visual ef-
ficiancy, from no defsct to gerious defacts, throughont the entlire range

of visugl acuity, op ‘b} groups of subjests, escl with s defined vange of
visuel aculty, represinting levels of vi;ﬁgl efficlency.

The second alternaiive ssemed best auited frr this invegtigation and
it was decided to use groups uf subjecta, represoniing levels of visusl
efficiency suitsble for revealing such differences in 71ight performance as
may be assoclated with visual deficlency.’ Thes: included a control group
with "normal' uncarrected viasion and thrse experilrentel groups with varying
degrees of visual defect. The detallel reculregsets for subjecte in the
several visugl groupe are presented in Tabla Z.

Candidstes in Group A 4id nol wear glasses during the parloed of flight
training, whereas subjects in other groups wors glasess as prescribed by
the ophthalmologist.

P —y

.  The second slternative seemed best because ons of the requiremsnts for
the groups can be so formulated as tc provide differend degroes of visual
defect for cospsrison in terms of £light performance while, =i ths ssme tlme,
relative economy in the nmumbec of subjecis required can be achleved. 1In ad-
dition, an sttempt to melect subjegts covering u continvous range of visual
acuity is complicated by the Jact that even though b continuon In terss of
acuity might be sel up, there would atill be no ussurance that a continuun
existed in terme of defents azsvclaced with less of asulty, l.e,, that s
gontinuum in terme of wisual =fficlen:y existed,

For purposes of the visunal testing routine, Group D was dividad into
3 sub-groups, Dy Dy and D3, Howsver, so far ee the analysia of data is
concerned, thééﬁ’suhw*rcﬁpa esn&%;@ate the slngl: slexsiflicetion. Group Ls
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TABLE 1 L
ESTZMATED PROPCRTION OF TOTAT, POFULATION FALLING
INTO EACE VISULL CROUP Lo
Group A o
Betweon A and P ' N
Group B A
Between B and C '
Group C %
Between C anl D ' o
e ? 5%
TABLE 2

DEYALLED BEQUIRERERTS FOR SURJEGTS 4
TAGE OF Q5 JISTAL GROUES

Group At Tneided vizion of 20/20 or better iIn euch eye with high
aduity of stereopsis swnd a refrestive urrar undsr cyoleplegla ol lees
than 0.%0 D . of ayopla in auy maridian, 1.%0 U, of hyperopis in oy
meridiar and .00 N, of getiqmation,

Group By Uanided wialon of 20750 2r worse 4n esch eys corrveotud
with forwerd glassen éﬂjéa ne Totter 1o euch aye, wish a high acality
of slereapsis correntad L3 om, at L msters) and e refrastive srror unﬂa“
aycloplegia of leme then 3 GO b Iy any werlilan, lesee tohen 2.00 0,

astigmatien and leass than 2.00 U, oF dilfarcans batwesn ARy pars mJ@L
waridiane in 1ko two eyex.

Group ¢: Unaddsd wislon of U300 or vowsa in ewon aye, IR T
wi1th Torward glassss v 20050 or tebber in eaoh ove, with a corraspomi-
Ing acwdty of stereopsts {10 sm. st & swtars; .aed e rofrasiive exror
under oycloplagls excezaung 4 00 & 3n any neridian.

Gooup Bi: Uas oya carsestible Lo 20720 with e refracilve error
Jegs thon 3,00 L. iz suy meridisn anud less then 2.00 U, of astipgeaiien;

v :5
the olther eyve uncurraated 207160 o worse now cerysstible to 20750, or ‘ ,gf
naving oeen rewcved et least ¢ vosvr ovice Lo appiination For Flizh: R
tz’#inin; , ok r;fl,‘:}

> d S %
G“QEEBQ’ Yrws cr U vsgepl Shal the fapdlidate must elso W e w8

squinteor,

Groug Das & 13 e greater Lorizoutel lropia with lemg tiex 5
of vortisal Lropou amd with se.l ewa eavcunidbie 1o 20/20 with a re-
fraciive error lﬁwa Bhoaa 30N G wr any meoldlen sod Yese than 2.00 U
of antignatiew.
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CSUBJETS “ o

e %he subjects employed in the supsriment very Srewm from the student
. boly at Thic State University apd from the Columbun, Wi o, area. ALl gub-
- . Jecta wore males, betwesan 17 snd 29 yeurn of sge, inolusive. Admlssizn to
= the experiment ard assigument %o vipunl groupe wore in socordance with the

-, procedures outlined avbsequently. None of the subjects hed preavioua flight
training. .

PROCEDURES

‘ Vieval Teats. The teats and visual testing procedurss eamployed are

presented in detail in Appendiz 3 of this report, "Mamal of Vieuel Tests.”
In sunmary, the vigusl tects used inclulded measurss of centrsl aculty s
phories sml vergences, ntereopsis, tasts for paralytic motor disturbances,
central color vieion, night viglon, and reangs of aocommcdation, The oph-
- thelmological sxawination, administered to sobjects pensing the sureening

‘testa, incluled determination of ohjsctive refraction umler cyeloplogia,

8 pont cycloplegic teat) determination of presoription for the individunal,
if any; an appraisal of sny Jiuesse; and Tinally, & diagnoeis.

hological Tests. Xach sublect in the investigation was given a
tattery of paychological tests. The purpose of administering these teats
was to wupply & basis for determining whether the gioups differed signifi-
cantly in chammcteriatvice, otber than vision, which might Ye releted to

AN flight performance. The peychologidal tests administersd were:
B
B 1. Meahburn Seriel Reaction Test 6. Tent of Aviation Information
S 2. Two-Band Coordination Tesi 7. Test of Mechanical Camprehension
2 3. Desire to Fly Inventory 8. rane Twst?
L. Biographical Inventory 9. Greone Test!
oy 5. Otie Test of Mental Abliity 10. Dockersy Teetd

Fe i,
¥
I
;

In addition, the Chic Jtate Paychological Rxamination wes administersd
and no applicant was accepted unless his »oore on this test was et or above
the fifteenth percentile {(based on sntering colluge freshmsn).

* Asslgment of Sublects. Sorveening teate were edministered to all sub-
Jecta at the Vision Teating Center. Applicants pasping the soreening tests
b were then referred to sn ophthalmclogiet for sxaminstion. Applicanta pase-
e ing the ophthalmological axsmination wers referved beok to ths Visiom Test-
7 ing Center for siministration of the complete battery of vieunl tests, fol-

LS PP —

i 781:11&105 in pilot pelection: Iaene, G. Gorbam. I. The predlction of
 success in learning to fly light alrcraft. Gresus, Romald F. II. The

. ability to percelve and react differentially o econfigurational changes as

St related to the plloting of light aircraft. Psyohological Monogrevhe, Vol.

3 61, Mo, 5, Whole Fo. 286, 1947.

%.?1 W 84 ocmplets dsscription of this test Lo being prepared in a report on
- . the 3tudy of Organirzed Bahavior, done unler the susplices of the Comuittes

) on Sslection and Training of Airereft Pilots (now Committes on Aviation
Poychology ), Hational Hesearch Council. —
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"~ lowing vhich the battery of pawchologl»al teate was adminintered. All per-
tinent data wers thsn reviewed by the Visual Study Ounlitto¢ on Admissicna
vho nuiamd subjects to the various visual groups.

sahifeat e vore pelavioo. on the teads of [he soandecods previousin  de-
seribed, Prom #r? cvnlicaste Tor fllptt wrslizing, 0f che latter 510 wece
tJagani1iiad oo sichorey ouring pral m‘nv“r peraening astivities. Foq
reesons shosu 1o Tabie 3. Anocher 77 wilhare: during ithe perlod betweas %
Lhe completion of the sevcendne prnnplL ras ard the firg’ aey of f1lipht g;
training. Rzasors Tor theas wizvcravals ecs pressnted in Tabls ¢, . s
. =
The desizn of the ~xporiment oslied For o tobtal of 200 subjects. 8C o
in (1cop A, snd 40, reupeccively; in Groups A, C, and U {Trice as meny ﬁ
Bubjccts wera incluied In Jdroup 4 55 n ery oiher sinﬂ‘a grovp in erder A
the most sisble mersucea mient he obtsglned cn the "norngl" visusl | ;ﬁa
group.) Buecavse of the wlthdrawals noted sbove. the total number of syb- ik
Jectz glven flight trainiry for purposes of the experlment was actuelly , E;
184, dneluding 80 in Geonp #, 3% in Uroup B, 40 im Grovp O, and 36 in droup -
' These, then, were the sublects of the expsriment. i§
n : v, :;
Fligkv Treining. Subjecrs were glven 7. 7ght tralving in accordance E}

vith the requiremenv:e c¢f £ comurclled course of vrimary flight Iinstruetlon
approvad by the CA4  The exper'ment was conuncted over u period of suix
puoedemiz qrarters, the sanjects treined duriag each quaviter being designatod
a "elas3."™ Hach ¢f the aix succegsive clgsaea, ranging in size from 25 to ‘
39 asubjects, included subjacts in exen visual group (4, B, C, and I) roughly SR

¥

in the ratio of 2:1:2:1, respectively. Thase were distributed as equiusbly B3
g8 posgible smong tle inetructers within the 1imitatlons impoged by the R
avalleble nunber of ingtrvctors and z:chaduline problems, 1@

The number of [1ight inatructors employed for each class varied betwesn }[ﬁ
f end 7, Triginalls it ues planned to employ the same group of instrectora 7Tji
tkrougncut the progrem, This, howeviv, proved Zapoessible since pome  furncver kiig’
wass uaaveldable, slikough w1th cne gxsenbicn ey subjuct wAR & Lured n STt

tirgle ipstruclor feor the ertir: courne of primary flight trainingul uimi« ' ‘fg§
Jarly, .t #was Cealred thet each ingl-uctor ba essicned subjeets 1n cach vizugl‘:};k
geogn, roughly 1o toe ravio of 2:1:h:0? tor Groups b, ¥, G, and I, respecllively., .
Again, however. thin petiern of assl umenta zould not sltogether he vuglized,
Tus distritutien of gubjects iz the sxperdment Ly berma of wvlsunl groups,
classes, and ‘nstruciors g preacuter In Tablz: £,

B [Tt

.

erie oo = s et s 4 et st N PP

o > - of - ; ; a r, ~‘ -

“In adaliion, m tote? of 12 sublects withdrew aftey training hed sblaried, 35

but within short erough rerisd {less thaa 10 houra) tv permlt substitutlons &
~f enilrely new sublzotsy without dnmizrferiug with the design of the experlment. ' A

53x  of thesce sublerte withdiew dus "¢ laok of time, 2 were drafied, 2 wers
subjeet to aireicrncse, ! was emotlonally umntadble, and 1 proved physlcally
hapdicapped, Seven of tresc aubfects fell In Group A, 2 1r Group 2, 2 in Gisup
ti, and L in Gecwp b
|
1

in one 'nstauve, ap instvuctar (Serafini) left the program before cow- -
ceting the acadenic quariarT, The training of his atudents was completed by
another ineiructor “{13%1), The cowtfnation ers tveated in the aoslys-s a3 Ul
a ningls Tiratreoscty” (Serafini-Fi31).
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TEAHCRE 05 D1AQALTUICATION 04 AT IRUASRS), DIRING L
15hl'L‘.‘Iﬁ.’!STE‘LUS\I SLRRER G ca 7)Y LIRS -
8- *JlO o
Eaayon Hugber 1
L frelipinery Vieusi Ersenation [¥ailed) 208 '
- lnck of Interest* 206 o
Leok of Tipe . i T
o Sollege Dlsapproval 1 |
) Previoas Plight Time 14 ;
%— ﬂ’gﬁr uag ? ‘:
By Physical Exemination \‘a*l}df ‘ . 3 -
R a0k of Funds - . —3
s ". B -4
f 510 ,
{J“?’ Ploaledine feliure b0 reluve rleer Millsl Intexview,
%:i . r}\‘ﬁﬁﬁj; .f+ ‘i‘
” FEASORS FOR DISQUALIFICATIOR Oh WITAJSBARAL LURING THE .
FERIOD PETWEER TIOE COEPLINION OF SCAIENING FROUEDURES . : g
AND THE FNET DAY OF FLIGHT TRLINIHG :
o= 7Y ‘
Aeagone for pot Cunbanuigg A B G I S >
Lask of Tige ., 8 1 16 7 he
Gollage Dlespproral 1 & 2 & 9
- Lagk of Iatsress ' & 2 1 2L
* Draft.ea I R R
TOTALA 1k 2¢ 21 22 77 .
- % :« K ';{g



TABLE 5
DISTRIBUTIOR OF SUBJECTS BY VISUAL GROUPS, CLASZES, aXD IESTRUCTORS

Yisual Group & ' ¥ispal Growp ©
Fall wint Spr, Sum, Fall Wint. . Fall wmt Spr, Sum. Paiz iy
i 4D 46 46 45 47 6 4p £ 3
ipgir;  Clamg {3 .@. S5 4 (3 {6} Toiad Q.-‘;n.as_ i;,.u r.(_zlm L0 ) RV N SV T
Ftenle 2 1 3 - - - 5 G P O
roatios 3 2 1 3 2 - 11 1 i o 2 -
Sverliag 2 2 1 0 - - g K 1 7 k! -
Rarsse 3 % p = - ~ 5 1 2 i -
Sorafind-diil i = - ~ = - i i = - -
¥elrisys 1 2 b 2 = - g e i} {2 2 -
Wiill 2 2 3 z 2 2 2 1 A "1 i3 i Z
il P 3 2 - = s - X X i
Horris : - 2 3 2 7 - > - <
Anderson - = = 2 - = 3 - - - !
Shafor - - = 2 2 FA ~ = .
Zimmormen = - 2 2 A = .
Buher - = = - = i 3 - - - -
Hench - = - = P 2 4 - - -
Shisler - - - 2 2 - -
TOTAL i3 il 15 14 13 13 80 7 & 3 2 N B
- Total &4 -~ Sﬁ . Tatal 8 =~ =5

*A dash indiuates thet the lnstructor was pot in the program at the tima,
A zero indlostas thet the instrustor was in the program but did not -have subjects 2z tha wisual HTOUD
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TABLE 5 {Continued)

DISTRIBUTINY OF ETRJECTS BY YWISUAL GROUPS, CLASTES, AT THSTRUGTORE

Wienal Crown G - Yispd tmaen D
=il Tink, upr,, fum. Fali Wint, . © Fall Wini, Spee Swm. Fall Wimn.

R Y T Y Y L : 45 46

k. *, (e =2

3
1

na
[}
LN ]
3

N e [

Ipatr. Cloes L_.L__iﬁ_._xl);..i.ﬁl._iﬂ.ké}_m Class (12 (23 (5 {4l {50 _{&i
3
1
1
1

D
i
1
3
[
Ll NREUEN R L
QO D

Iy L W] = = = .‘s‘_ = -
Soral i niid 1. - - - - = - i
B r 2 b - = i 2 1 4 3 -
3 O X L i 3 & P i G 2 5 0O
= 0 1 1 = = 2 2 v AR - -
o = __E‘_ 1 2 A P - T :’ '3 ‘."}
arQerane: - - - 4 = = G - - " - -
Snelas o . ) 1 ] - -, - o "
& lomermng - - = tu 0 2 2 = - - - K
Buner - - o~ - - ? 1 - - - - »
Boo nl - - b i 3 - - - 1 )
SiSahal - - - - 2 2 = - . - -
T b = & i R in Iy 1 ); 4 ¢ "
Total O St et B = 30
LonGsenl Indieatsr tnal the lasstrucior @as not in the prograam st thz tizs,
£ oere Fnbizg ten npe the Inatrustor ®as in the program but Aid nev bave aubjecis in the visual yroug.



3uhjeeta received a minimum of 35 hours of flight training and ammaxiﬁ £k
wom of 30, those fedling the flight examinetion for the private pilot llcense,
given after 35 hours of tralning, being glver nddivional ipetruction up to Y
the meximo mmber of huurs if necesgary, i . fij

The £light instruztors and check pliota ware selectad anenrding to i
rigorous standarda and were all vallsge graduates, with o minizmm of 1,000
hours instructional exporience. Many of them were also "research minded,™
having prﬁ?iﬁaaly been employed at the Ingtitute of Aviation Psyohology;:
University of Tennessee, Knoxville, lennesases,

(e

WAL

I
b

AT COR

Nene of the instrvotors was Informed as to the visuel group classifica~
tion of thelr subjeete. There can be no question, however, that the flight -
instructors, as well as the check pilots, flight examipers, and inspectors =~
hed considersbles konowledge ams %o which of the gubjscts wers visually defi-
clent. 411 subjects in Group D were required; by regulatlon, to be adminis~
terad a special "Mediosl Flight Teat? by a CAA inspeator. Even in the case
of subjecta in Groups  and B other cues as to vieual deflciency, such as .77 .9
the wearing of thick lenses, ware evident. -V

&

- -t PR
T

As fer g8 could bes determined, however, there was no bias egainst ﬁkﬁ ;‘iﬂ-??
visual deficients in so far es the instructors and check pilots were con- -~ °
cerned, seversl of the instructors opining, privately, that there should e
no resson vhy visunl deficlents could not learn to fly if properly trailned. -
If any bles existed, 3t may well have been in favcr of the visually defiaienzﬁ

#ith reference to the check pilots, flight examiners, and inspectors,
determination of biass could-rot be mede. It might be noted, however, that
several ol the check pilots and fiight oxeriners were formerly employed at
the Inatitute of Avietior Psychology, and, being "research mindedw“ apparonmly
wade o real af@pru to be oquctivag

Chegk EZiggﬁa end Flizht Fxgmi:ation. Taeh subject in the experiment i
was sdministered  chect flight by = check pilot after the seventh, fiftéenth, ¥
twenty-£ifth, and thirty-fifth hour of flight training. Following the'35 - =
hovr check flight, every aubject was adminlstered the privaete pilot flfght =~ -.. 73
exanination by & C44 inspector, cr sn approved flight examiner.ll Subjecte o
falling the privete pllot sxeminatior st thim point were given additionsl} T
instruction, until their flight instructor considered them ready for another . ¥
test, At this point they were given a check flight by a check pilet, fole & . =
lowed by a readmipistretion of the privete pilot flight examination by eithep . - -

1lip general, subjects in Groups 4, B, and C were administered this teat .
by 2 flight exuminer. Stbjeets in Group 1, howsver, were tested by an in-
gpector, whe also vdminletered the special "Hedlcal Flight Test,® required
for o1l spplicants for the private licenss exhibiting visual deficlensy to i
ithe degree of soblectsz in Group Do -

B . .
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WE

E

g flight exar ner or & Cik ingpactor. il ihls test *as.f&i'aﬁ wititiongl
training, an' additionat check flights and £1ight tests weTe given, up o’
a maxioum of -0 bours of {1lignt treli-lrg.

The mapt.veras included in-the check €lighta aﬁ%iyiz terad Ty the check
pilote sre p-isentsd in Teble 6. During exscution of these maneuvers &
large number f detalled measuras cp the performance of each subjeet was
obtaiped. T:» alrplanes and two check piloias w»erd employed. Hoth the
planse apd trs check pilots wera counterbalanced with respect to visual
groups in ordor to avold any blas which might result from plans or cheek
pllot differences., Since each sublsct recaived four nheck flights, the
check pllots ~ere alternated In the check fllerte so that one chack pilot
would bhave the first and third chsck flights, snd the other check pilot
would heve the agcané and fourth check flights. Thus, If one check pilot
la designate: P gnd the other check pllot §, the pequance of check £lights
would be PQPu for half the subjects in each visual group, and QPQP for the
Gthﬂr hmo .

CRITEEION HEASURES

i Cpdterion Measures. The prineipal arlterion measures on
which the evaiuation of the flight performanca of subjeots in the experiment
was based are osresented 1n Table 7. It will be noted that In general these
eriterion mes sures are based on evaluations or obaarigtiona of performance
made by the filght inetructor or by the check pilot,

Fhotogre . Photographic records were also taken of & con=
cealed lnstrursnt panel during the execution of four mameuvers in sach check
fiight: Take~off, Steep Turns, Straight and Level Flight, and Landings.
Treae mabouvers ware ssiected as representstive on the baasls of
conslderatics~; Take-off and Tandings representing relstively difficult
waneuvers in vhich visusl efficiency might be considered important Steep
Turns represzating a relatively difficult maneuver $n which visual effi-

. eleney might ot be important, and Stralght snd Level a relatively sasy

mansuver poss.bly not calling for marked visual efficiency.

4 concerled photographieuinstaiiatibn insluded iz both criterion planes
is Shown in Figure 1. It should be noted that oms of the principal advan-
tages ¢£ the {ype of oriterion messures obimined is their objectivity, and

121naaﬁ€iticng subjects who failled to solo following 30 houra of truin-
ing were gliclinated when, in the opinion of thelr flight Instruetor and <he
check pilote, the prospects for thelr sompleting the zourse within 50 hours
wore pocr,

Dnosme to Solet might be considered an exception to this generslization,
although this messure 1z actually based on a judgwent by the instructor as 4o
the subject'z readiness to take-off, circle the fleld, and land without the
instructorts :ssistance or ihe moral support of his preesence.



Rate of Climb Turn * Bank Subjact Wo: AYbimoter

L Tachometer Adrgpesd Artificial Horizon

Filgure 1
CAMERA FIELD -- PFHOTOGRAPHIC INSTALLATION

(Model employed represented an adaptation of this basic panel)
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13,
14,
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37,
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19.
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CLGTEHOF Y MANSUVEAS N BSTANLAFD ¥

Chaak £3t: 1
H#anovvar hours ¥
Taxi £
Taka -off X
Straight end lovel {1 /2 min.) Xz
{Shallcw 8 around pylon
Hedium & arocund pylen
Straight climb (32 ssc.) X
L. 90Y eliabing turn X
L. 9% %urn, 30° bank X
R. 9C° farn. 30° bank X
- h, 200 stesp turn
g, 720° slesp “urn
Hormed wpower-off stall 3
Ro 709 steap turn
L. 7209 steep turn
Straight glida {3C pes.; X
90° Left gliding turn X
Forssrd slip (20 eeq.) ‘ X
Traffic pattern and epprosch (with power)
Strange fleld lsnding {(with power)
Straighis end level flight (1 1/2 min,) ™
Traffic pattern and approsch ' z
Landirg (with slip) b
Taka-cf? ' X
Irafiie petier: and gppvoscvh X
Landing FA
Ta s of £ ki
Trafflo peitern and aporoach X
Tend Uy P
Takawol? by
Trafdic patlern and epproech X
Lupding X

Lu X in the cheok fligh% solurh indloaise toal She meaneuvesr

Aueption o Incduded ip Lhe glven chesk fiight.
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Griterion Megmure

Ted¢izd Ovad-edl Grade {Tneto .t

Yolghted Mea: Wanewrer Frafe (0P

1
ol
:-#

Vaigoted Ovec-all tpoda (50)

We sived OSFT Seore {1-I73) (7F)

Holghiiod Hewu Haneuvver Greda
(Ineiy )

Mesn Waneuve: Grade (OP) Laat CF
Over-oil Grade (6P Laetv CF
AP Soors {i- S a) Laot CF {CP)}

Purive Sum {Insir.)

TAYLE 7

PRINCIPAL CRIVERTON MEASHRES

Exinpation

iring seon dusl fjighﬁ the inatrueior
aptlgned a grade on tho basls of his
judgment of the oresr-£ll pertormance

To eush maneuver parformed by the subjast

the cheok plisct mssigned a grade on the
baeis ¢of his Jjudgment. These wers
avercged for wack check flight, -

Puring each cheslr fligat the cheak o%igh
188 gned ¢ grade on the basla of his

 oudguent of thé »voar-pil performancs-

turing eacn chook {light the cheak ailed,

£il1led out the Ohio Stewe Flight Iavemtory

on the basle of hla obmervations of <he
subjest's perforasncz. A . the largaat
possibie error scors tuat the subjes:

could have, This is actually the error

score for gil 1teme that wers not omitted

by 'the chedk pllet. I - ths subjest's
totel srror svore.

Furing eash cdugl flight the instrueior
assigned s grade Lo sach meneuver on the
bagls of hie judgment. Theas wera
sveraged for each lseann.

AB 2, above, but based onliy on the last

Az 3, mheve, but bused only ¢n uhH last
shack £iight.

Aa &, agbove; but based nnly 0 bha last

chesk flight.

Sum ¢f item mcorws oa uha Purdue Beting

Bsale. As pcore. the highsr the acore,

the poorst ks pillot. Flllesl out bWy the
lustruetor st the erd T the irainlne.
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TABLE 7 {Ccatinued)

PRIVCIPAL CRITERION MEASURES

Criterion Mecgura
Time to Bolc Y logarithm)

Kolghted Landing Haneuvyer Geals
{CP}

Felghted Laniing OSFI s8~e CP)

Welghtad Hoszr &Lnawaz arédle oo
Fraotice Sepdloge. finate.:

Ixnlangtize

The logarithm of the mutber of mimute:n
of dusl wraining prior to the first sule i
flight. It 1s assumed that thlc messurs ".':»—..ff
is a2 good index of the instruotor’'s judg- ... ;
ment ¢f the pilot's compotenscs, The 1O- P
aritim 's used instead of the number of
minutes because of the skewnesa of tha-
distritution, Using the logerithm’ tends
¢o make the deta more novmal, The
logarithm also hac gresater g priori
validity than the number ftself becaule
it gives greater wuight to smsll:.differ- 7%
ances at the low end of the svale snd T
leaps meight to small differences at taa
bigh end of the goale, If the subjesi
wals nevar permitted to solo, ilie polnd
vaa arbitrarily set at forty howrs,
2400 alnuten .

r

A4y 1lpdicelad under Z, ahove, ths theslt
oliets smaigned graden io each moneuv:y,

Thase are the grades on the landings, 3 E
fpyor gore on the OSFY arding - e
ahgol, . Becorded by the cheok pilst TR
Anring the chack flightc. ‘“{
i
Grzde Lesed on Instruetoris Judguent ﬂ‘%
a7 otudent’s perfermeante of lrmuir!ge coigh
during the duel flights. R
s
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Ajditiongl ;ig:igzg Eﬁygpg . I additior to the criteria presenﬁd

?ébo&a, the following measures of £1ight performence also were obtained.

3,
=

. tef S PNEY
LS T AT L A s e Te, B e e S e

S

1. .Grade given by the flighl exsminer or Inspector op the:
. private pilot £light test !{generally expressed ia terms
of "pasaﬁ or "tail"™).

+
e

2, Mepsures of performence as indicated by specliic itenms
on “he Ohto Stete Fllghf Inventory, pertaining to t?g -
maneuver "Landing,” taken on the laat check flight,
A sample psge from the Qhio State Flight lnventory is
pre-aented in Exhibit 1.17

_(-
Ao Sers -

-
.;

iy

T m — —————— —" -

b

- 1AThe development -of the photographic criterie and the photographiu
,*_installation, of which the ingtalistlon employed in thls study was an .
* adaptution, ic presented in: Vitples, Horris 5. & Thompson, &lbert S. ' :

AR : 2 : t riorms R
v “Washington, D Co: cm Division of Research, Repor‘t No. 31, July 1944, ok
The specific procedures employed in reading the records from this: lnves- i
< tigation are included in the files of the Visusl Study, :

T

i 131 was 2l30 planned %5 include s "axi-obstacle course," a course \ o
'icanteining sirulated obsiructions through which the subject would be re-

: quired to tax! the plane. Because of prantical difficulties, however, , i
“use of this “Taxi-obstacle courapﬂ was abandoned. | K

.:‘az

_ 16The Onlo State Flight Invantory conslsts of a serios of cleck -
‘ ‘aheets, each pnge of the imventory, i.e., sach check sheet, beling devoted . -
1o a slngle waneuver., On each "maneuver sheet" the critical elementa of ‘ o
:'Lha raneuwver in guestion are indicated, and spaces are provided -whereby i
the check pilot, who mdminlsters the flight test, records the subject's 5

- perfermanze on eeeh critical elsment. The inventory is filled out by S

* the cheek piict, vhile in flight, during the actual execution of the T
cmaneuvers in cusstion. For s full discuseion of this inventory and ita 5
~development gee: Fdgerton, H, A,, & Walker, R. ¥, Hletory and develap- B
“went of the Ohio State Flight Inventory, Part Iz Early versions and .o
.-baglic yresesrct. Washington, D.C,: <AL Division of Research, Report No. '
»‘+;, July 1945. Also: HNRC Commities on Selection and Training of Air-

seraft Pilots. 1§§o;1 ano_development, of the Ohig State Flight Iaventory,

gywwﬁi Rgrt i1; Reeont verglons and currept application . Washingten, D, C t
%%%? CAA Divieion of Regsearch, Report No, 51, November 2945.

P T A
o e g

«
s

17411 individuals charged with obtaining eritorion measuree were
thnroughly trained in the procedures to be employed in collecting auch
-data. Training procedures and manvals employed in such inﬁoctrination
Lvare in the files of the cammittoe on Aviatian Paychology

¢
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Wsighting of Criterion Messures. Reference to Table 7 will indicate My
that certain criterion measures are designated as "voighted.” These meas- e
ures were bassd cn a combination of acores from individual measures over e
the first four check flights or over the entire course. For eeoh of such )
measures veighted averages were computed. JFor the check flight measures L
the weights 1, 2, 3, and 5 were assigned to the scores derived from the e
first, second, third, and fourth check flights, respectively, and the SN
total (the sum of the weighted scores) averaged. In the case of grades o
assigned by the instructor during each flight lesson throughout the course, =
the veight of 1 was assigned to grudes given during the first quarter of the 2
courge, the weight of 2 to grades assigned during the second quarter, the
weight of 3 to thimd quarter greades, and the weight of 5 to fowrth quarter
grades. Again, a single score in terms of each such measure was obtainsd, :
rapmo:]i.ging the averags of the weighted totals for each Qimrter of the
course. : ) -
RESULTS OF THE INVESTIGATION ‘ g
e
Although amlysis of variance was the principal statlstioal tool employed -
in this investigation, & variety of other types of analysis also vas employed. h
Initially, determination was made of the correlations among selection tests ‘ fr
and amang oriteria, and between selsction tests and criteria. In the analyses ' i
of oriterion measures certain of the measures were treated by chi-squared, ST 3
rather than through the use of analysis of varience. In addition, for the L T
analyasis of data in terms of the Pape-Fall criterion, a partial correlation i

technique, by means of whbich the effect of the selection tests could be held
constant, was used in the evaluation of the Pass-Fall data, as well as an T
enalysis involving interaction chi-squared. Moreover, for a number of meas-~ - - 7
ures learning curves were drewn, as an indication of the performance of sub- ~ -
Jects in the various visual groups thronghout the course; and cumulative

curves were prepared by means of which the proportion of subjects in sach G
visual group surpessing any given degree of proficilency can be determined. f

Dewign of Analysis of Variance. Ideally, for sach of the meesures treated vé}
by analyeis of variance, the analysis should have been conducted Dy a three- - I}
wvay clasaification design =25 shown in Figure 2. In such an analysis the three

variables: Viaual Groups, Instructors, and Claeses would all be controlled S
simulteaneously. However, limitatione in the data prevented use of this type vt T
of analysis. Since the experiment was conducted over a period of six academic
classes, there weare several instances in vhich instructors resigned and were

replaced pricr to the beginning of the next class. Thus, in such a three-way
claasification design thers would be many empty cells, mmking analysis inad- it
Tiﬂ&bl.o ) -5 g

As an expedient under these circumetances two analyses were made for
esach critericn measure. In the ocne, presented diagrammatically in Figure e
3 the variables Vioual Groups and Clagees were controlled; and in the other = :-dy
the variablea Visual Groups and Instructors were controlled {see Figure 4). 'aw;{%

18mese particular weights wvere assigned on the basis of estimates as ST
to the relative importance of messures taken early, and later, in the course L
of flight training. !

a .l:
H‘-% 4
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Clanses

3<9pgn-

‘A B c D
Visml Groups
FIGIRE 2
DIAGRAMMATIC REPRESENTATION OF IDFAL DESIGN

Clapeaes

3+ apgnn

A B ¢ D
Visual Groups
FIGURE 3
DIAGRAMIATIC REPRESENTATION (F "VISTAL GROUPS-BY-CIASSES® IESIGN

po ey

A B ¢ D
Visual Groups

: FIGURE 4 .
DIAGRAMMATIC REPRESENTATION OF "VISUAL GROUPS-BY-INSTRUCTORS® DESION
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(ne of the major limitations of the design emplayed is that the tests i‘

of eignificance are reduced in powerld in the Visual Groups by Classes yE
analysis because the error term contains the variatiom due to imstructors, L
end in the Vieual Groups dy Instructors annlysis because the error teram Y
contains the variation due to Classew. An advantage of the Cesign emplayed - - .
is, however, that if signifioant differencee appear as a rogult of the 7
enalyses, the findings have greater generality than if the exror term had
the variation due to both Instruotors and Classes xemoved. Thue, for ex-
emple, a aignificant F for the Visual Groups in the Visual Groups by Classes
analysie (F = Variance dus to visual groups/error variance) may permit cne
t0 gemoralize to the population of instructors.

In each analysis the sume of squeres and degrees of freedom were divided
into four components: Visual Groups, Classee or Instructors (depending on
the analysis), Interaction, and Residual. The residual, or within-cells
variance, was used as the error term in the computation of each F. In pre-
senting the results of the mnalyees of varlance later in this report, it
will bs noted that the repcrted p-values are glven as "grester than .20," )
"lees than .20 and greater than .05,% etc. 2

s Corg egta_snd imope Crite
: C

Measures: and Between Selection Tests and Criterion Megsures
Correlgtions Amone Seleciion Tegts. The question may be raised as to

whether the selectlon tesis are measuring one or many factors. Table B
gives the matrix of correlations of ithe gelection tegts. Inepection of

this table indicates thst there 1s litile reason tS suppose that there ls
any generel facter, auch ap aptitude for flight performance, which ig being
measured by these tests. Aslde from = fo¥ relatively high correlations auch
a3 those between the Mashburn and the Two-Hond, the Otis and the Chiloc State
Paycholegical Examination, and the Biographical Inventory and the Test of
Aviation Informatlon, the corrslation coefficients are rather low. R

-, - o
e s e

Correlations Among Criterion Megsureg. 4 simllar question may be raised
in cormneciion with the criterion measures which were developed, Is there
reason to suppsse that they are measuring roughly the same thing, something
which may be called general flight proflciency? Some notion as to the answer
to this questicn may be obtained by inspecticn of the matrix of corrslation
coefficients among the criterion measures. Thls matrix i presented in Table
9. It will he noted, first, that none of the coefficients are negative.
Second, the order of magritude of the coefficients is generally quite high,
Therefore, there is good reason to believe that the criterion messures have
considerabls in common. ,, :

Correlationg Among C(omponents_of Weighted Criteriop Meagures. Of the RN
thirteen eriterion measures, five sre general measurea referring to no Lz
specific maneuver, and consls% of duplicated components, l.e., of scores on
individual criterion measures msaigned at successive perilods during the
course of flight training ¢lither by the check pilot on each check flight or

Bl et - . .

O
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Boower 15 defiued a3 the provahi ity of rejecting the null hypothesis
shen 1t o De? '

2



TABLE 8

CORRELATIORS AMONG SELECTION TEsTo¥

‘ 2
i3 : . . § i
R TR ST I S
Haghburn 52 ~.03 W17 .34 WAL . WAL .26 .23 -1 -.03
Two~Hand -.15 12 47 -4 60 .39 .30 -.15 .23
DF A2 .17 -7 -8 =13 .09 21 -.13
BI _ -.04 .53 .25 .11 .04 W14 7
Otls | 38 .28 .63 .33 .03 2P
A% .28 37 .39 -.03 23
NG .36 .01 .16 .03
CSFE .32 .09 .13
Lans : B VAR ¢
Greane . | C =10
Dockeray
K = 129 roo5 = .26 rpg) = <34

*Tharever necessary, the correlatlion ccefflnients have been reflected.
Poaitive coefficlentis indfcate positive relstlcnships bHotween profi-
clancies,
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TABLE 9

CORRELATIOR COEFFIGIBNTS AMONG THE TEIRTEEN CRITERIQN NEASURES®

§ s
) . . =

183 8238, agﬂ

EEETREAEES RS

A - o . o o5

i piiigiibediil
Wtd. Over-all (I) 48 .42 60 91 .19 .13 .11 56 .48 .40 .42 B4
Wd, MG (CP) | .91 .88 .37 .61 .58 .47 .67 .68 .77 .60 .54
Wtd, Over-all (CP) 7 .29 .58 .63 .46 .60 .63 .81 .57 .49
Wtd, OSPI | .48 .55 .50 .38 .68 .71 .73 .70 .60
Wd, MG (1) J15 0B .12 .50 .40 .27 .35 .74
MEG (Last ohesk) 89 .75 .58 .49 .47 .46 .20
Last Over-all (GP) 5 K1 .49 .55 43 .15
Last OSFI (CP) ‘ ' 3840 L34 28 o
Purdue Swa .62 ,52 (51 .54 .
TTS {log) .64 .56 60
Wtd. Landing MG (CP) o T4 .48
Wid, Lending OSFI Scors 43
Wtd, Landing MG og
Practice landings {1}

R - 129 T = .26 * gy = .34

*Wherever nscessary, the correlaticn goefficients have been reflected.
Positive coefficients imdicate positive relationships betwsen proficlennies.

Tt o ide 1y .

R R

E A RTINS

‘.:"_,JL ST

ot R

T owed



Bt ]

-2k -

on individual criterion measures assigned at successive periods during
the course of flight treining (either by the check pilot on each check

© flight or by the instructor on each dual inatructiomal flight). These

are:

_1. Over-all Grades {I)20
2. Mean Mansuver Grades (CP)20
3. Over-sll Oredes (CP)
L. OSFI (CP)
5. Mesan Maneuver Gredes (I)

The correlation coefficients among the four camponents of sach of
these criterlon mesasures wers computed 1n order to determine the stability
of the messures during flight treining.2

These intercorrelations are presented in Tebles 10 to 1k, inclusive.
Examination of thesse tables imdicates thet:

1. With two exveptions (the correlation between check flights 2 and

'3 for the OSFI score and for the over-all grade given by the check pilot),

all of the coefficients in these tadlea are significant at the 5 per cent
level of comfidence.

2. For the instructor over-all grades, the cosfficients are uniformly
high, the lowest being .65 between the first and fourth Quarters. It is
intereating to note that the higher coefficients appear between cuntiguous
quarters.

3. Moderatsly strong coefficienta appear for the msan maneuver grades
(CP}. It will be recalled that the first and thimd check flights were ad-

-ministered by one check pilot, and the second amd rourth check flights were

administered by the other check pilot.

L. For the over-all grade given by the check pilot, although all dbut
one of the correlation coefficients are significant, they are not markedly

high.

5. For the OSFI score, the correlation between the first and third
check flights and the second and fowrth check flights are higher than all
the cthers. This 15 tc be erpscted on the basis of the arrengement of oheck
flights and check pilots.

20(1) denotes that the measure was taken by the Instructor, {CP) by
the oheck pllot.

2lThe nmber of cases on which these correlations are based 1s 129.
Thege correlations were camputed prior to the campletion of the study, and
hence, are based on a mmller mmber of cases than the total sampls. For
129 ceses, & correlation coeffictfent of .18 1s reguired in ordet to be
signifioant at the 5 per cent lavel of comfidence.



TABLE 10

CORRELATIORS AMCNG
IRSTRUCTOR CVER-ALL GRADES

gwr.l Qer,.2 Qir.3 gir.d

Qir.1 .87 .76 .65
Qtr .2 | <5 I
Qtr.3 ’ JAg
Qe 4

TABLE 12

CORRELATIONS AMONG
OVER-ALL GRADE-CHECK PILOT

3.7 GF2 GBI 6F4

=25

TABLE 11
CORRETJATIONS AMONG

MEAN MANEUVER GRADES - CHFCK PFINOTE

" C.F.1
C.F.2

G.F,2

C.F,2 L2 C.F.3 CoF.&

252 STB 27
047 :‘41
.58

TABLE 13

CCRREIATIONS AMONG
{1 - I/A) OSFI BCORE

Calod £.Fa2 CoFed GuFu4

T T

chal 928 ,.}.9 ;_?0 -:q-'hiul nls 95‘7 023
C.F.2 . 16 s G.F.z 211 w7
5,P.3 . Y C.F.3 .39
GuFol} G(F;i’.}

TABLE 14

CORREIATICNS AMCHG
¥MAY UARSUVER GRADES ~ INSTRUCTOR

Qbr,1 Br.2 @ri3 Qr.g

' Qtr, 2 . I 72 .66
Lir. 2 T2 .81
Gir, 2 392
Qir, & -

.
L

.r 4 -
U

i
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6. The cotrelations for the megn meneuver grede sesizned by the inw
structora ars uwniformly “igh.

in genersl, the corcelatioa coefficlents oblained from the ‘ratructer
grades are higher than thoae obtalred for the checx fligh. grades. Thers
ars probably two factors which assovnt for this. First, a sirgle instrue-
tor gave £ll the inatruator scoves to esch student. Second, the inatructor
grades for which correlations were computed are probably wmore relisble than
the check flight scorss because of the averagluy method used in the computa-
tion of the inatructor guarter ecores. Averaging removes s sonplderable
arount of chance varistlon, since the stencard «rror of gy single sccre ie.
lerger than thet for a msan of reveral scores,

In general, the ilmplicetione of this aﬁalysis sre that these criteriuvn
megaurae showed sufficient atebillty to warrent thelr use es measures of
flight proficiency.

Correlations Betwesn Selectiopn Tests gnd Criteris. As has besn indi~
cated, the purpese of administering selection tests at the outset of the
experinent was to determine the exteni hto whirh the visual groupe nay neves
differed in characteristics pertinent to flight performante. It geemed dee
sirabls to determine the correlations betwsen selectlon testp and the ori-
teriz, in part %o determine whether ihe use of analysis of coveriance, which
originally had been conslderad, would be Justifled. The correletione detween
the selectlon tests and the thirteen principal c¢riterion measures wera com-
puied, based on all snbgaqtn in the first four classes on which complets data
wera avallable (N = 129). In addition, biserial correlationa with the Pasee
Feil criterion mlao were computed. Paseers were represented by those sube
Jects who pasased the £light test for the privete pilot'a llcense. Conversoly,
fellers were represented by those who fsilled Lo receive the priveta pilot'e
licenase, Theam coefficlsntz are presented in Tgble 15,

With the sxception of the correlation with the Pess-¥all eriterion it
is evident that the coefficlents are, in genaral, lowx, only & of the 143
spefficients being algnificent at the 1 per cen’ lovel of confldence. There
1s irdicated little reason tc believe that theae criterion measuree wore af-
fected by reits messured through the selectlon tests; at least in sufficler?
dogree to warrant the additlonal lsbor inwvolved in the employment of analynsins
of ¢ovariance rather than analysis of variance, With reference to the Pgus-
Fe1l criterion, however, the correlationa betweun certaln tests and thia
eriterion were sufficiently high<< to warrant an analysis in terms of which
tre significance of the relationship Letween visusl efficiency {as repres.:ited -
by the Visual Group to which the respective evbjiscts belongagg end £light proe
ficlency (as represented by passing or failing the courss) could be deterainec,
with the effect of the matohing or selsction tests leld constant (i.e.,
partialed cut.) The results of this analysis %11l be describad in 3 later
.section of this report. :

?2The relstively high correlstions with the Pass-Fall criterion may ju-
dicate thet the element of flight proficlency measured by Pess-Fall are nct
the same elements ps are measured by the other criteris, Alternatively, i1t
could be suggested that the correlstionz between tests end criterla otiher than
Paass-Fail are attenuated by the unrelisbility of these criterie. Mllitating
againet this possibility ie the fact that the Papsg-Fail ciiterion, on the
basis of substantial evidence, has been considered quite unreliuble.
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TABLE 15

CORRELATIONS BETWEEN TEE SELXCTION
TESTS AND THE CRITERTON MEASURESH

§ g

=] ) L] 3]

1i::2:38123118
W¢d. Over-all {I) 3 .05 .03 .27 .02 .23 .36 .10 ~.09 .44 A2
vtd, MO (CP} 10 2305 .28 .1 3 .35 .22 .02 .08 .12
¥id. Over a1l (CP} L1 .20 -0 .38 .06 .33 .2 WL W08 .09 a3
Wtd, OSPY .08 .20 -.09 .27 .08 .31 .27 .19 .00 .20 .12
Atd, WG {1 L0532 -9% @R .03 .25 .08 .13 -.08 .36 .24
WEG (Lest cheok; S8 7 .08 .59 .22 .16 .11 .12 ~.02 .10 .2
Leet Over-gll (CPY -0 L7 .04 .07 .07 .35 .07 -.02 ~.04 -.10 .24
Last OSFY (OP) 5009 -.32 .00 W27 .33 .k W11 -.01-.3g o
Purdus Sum 28 L34 i L35 .25 .19 .31 .15 .07 L1913
T8 (log) = - O 04 L0300 L3 .20 -.04 <34 .01 1Y
Wtd. Landing BG (CF; ~.i4 .04 0% .70 -0z .33 .22 .02 .08 L4 0B

Witd. Landing OST1 S04 08 L 0 0. G203

Wtd. Landing HG on _
praotice landings (I! .05 .24 -.0% 3V 1% .30

Paga-Fail (ryyq4) <19 .31 .31 .16 .06 .25
Sryig 10 .09 .09 .1C .07 .09

.33 -.15 .10 40 .21

.09 .10 .12 .10

ﬂ12

*Wherever necessary, the correlation coefficlents have bsen reflected.
Pogitive coefficients indicate positivs relationships between profi-
cisnciea. The N for all coefficients is 12%. For all axpept the

bigerial coefficients {involving Pees-Fail)} r
The stendard errors for the individual biser

1a95coaff1c1engi axre

-34.
glven.
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Regulis:__Arglvsis of Jarisnge of Selectlop Tesle

fith referenca %o determinlng the relmltionahip bteilween tests and
flight proficlency it was considered deslrable %o determine the extent
to which visual grovps differed ir terms of scorees on tie ssveral selection
tests, in gddition to the determination of the corralations batween testa
and flight oriteria. Such an auslysis wap carried out even though the
correlationa between tests and criterla were low,

The type of snslysils employed hae beer outlined previoualy, and wae
identical to that employed in the enalysis of criterlon measures, to be
discussed subsequently, 1.6., two enalyses were run; in one visual groups
and classes were controlled, in the other visual groups und instructors
were controlled. The residual variance was used as the error term for the
computation of esach ¥. The results of the analyses are presented in Table
16, in which are shown the p~valuea obtained in the evaluation of each F
and ths means of the groupe on each test,

Examination of this teble indicetes thut in the Viaual Groupa-by-Classes
analysis significant varlation stirimteble o Vieusl Groups was evident in
ascores on the following teste:

1. Desire teo Fly Inventory

"2, Otis Test of Mental Ability»

3. Test of Avigtion Informaticn

4o Test of Mechanicael Comprehensiom®

5. Ohlo State Paychologlical Examination®
6. Greene Test*

The tests followed by the astearisks were aleo found to be significant
in the Visual Groups-by-Instructors analyzes.

In addition, the following pcints are noteworthy:

1. With but one exceptlion, namely, the Gresne Test, the selection
tests in which there was signiflcant wariation in the means, show the B
and ¢ groups to be superior to the & and D groups,

2. For the Otis Test of Mental Ability, and the Ohlo State Paychological
Examination, both of which presumably measure intelligence, the confldence
level at which the veriation in the means is aignificent, 1s lees than 1 per
cent In both analyses,

3. Significant variastion in the means of the classes occur for four out
of the eleven selsction testﬂu

L. Significent Visusl Groupawby-blasaau intaractions ara found for two
of the selectlon tesatas,

5. In po instanceg are there aignificanf variances for either the in-
gtructors or the Visual Groups-by-Inetructors intersctlon.
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SUMBARY (F RESULTS OF ANALYSES OF VARIANGE FOR SELECTION TESTS:

Analyeis Hgphtwwy TwooHgnd _ D.F, B.I, Otis AL,
Visual Groups .20-.05 ,20-,05 ,05-.01  .20-.05 4,001 ,05-,01
Jh’m 020-005 7320 %905 020"' 005 305- ool ¢05° gol
VxC 7.20  ,20-,05 ,20-,05 .20 >.20 ,05-,01
Means of .
Vigual Groupe
A 295.1: 323,45 67,1 9,47 47.4°5 134,00
B 270.7:.  355,3. 68.4. ~ 10,3 52.2:  120.9
c ' 2%03"-' %5 02‘: 63-14:’-- = 9-)3: 5300-] 121 5':
D 300:.1-’ 32-2;3'}- 65«\1—’“. 990"{- 4608f-. 105 6a )
¥ Groups=-by-Instru
Analypips )
Visual Groups ,20-,05 20,05 ,20=,05 ,20~,05 <01-,001 ,20-,05
Iumtm _> 020 ;:' n_m > o20 7o20 > '20 > 20
v x I ? 020 >u20 >r:20 >q20 ) 020 7020
Neans of '
Yisual Groune
A 295,13 33,43 67.13 9ek2 4755 11495
B 270,72 355,31 68,41.5 10,322 52,27 120,9=
c 290,32 345,22 68,415 9.3 53.01 121.5:
D 300,1; 322.3: 65,1/, 9,0,  46,8.,  105.6-
""J“'lsa,‘ ‘,1-__ .L*: _b - gqﬁi'&fm $? %q* n*.awu%#{ﬁ{wq 'sf r“ﬁ,.gq.tiﬁ 1( ..,,“g, i ,ﬂv\} E&"‘

TABIE 16

MEANS FOR SELECTION TESTS FOR VISUAL GROTUPS
Yigusl Groupe-by-Clasges

MG, 0.5,P.E; lane
005=,01 £ .001 2 o220
>020 _:?'azo - ) 020
,05=,01 > 920 >.~,20
33.4° - 57,44 58,90
7.0 g£1.7: 58 2.
55.1% 75.62 61,1
52,3/ 58.5: 7.8,
059501 < o001 .20
)uzo ;’020 * q20"'g°5
S20 5,20 5,20
53.33 57.64 58,95
57,01 81.7% 58,2
55,1< 75.62 61.1.
52,3 58,53 57.8..

Tl -

L
—

tor
S ,wms"um»«wmx mm@'*f g R,

P-VALUES FOR F-TESTS

) T
Greepe Dockeray Tl
£ 001 27,20
< 002 03-01
> 020 > l0 CLa
e
103.6 40,1
123,11 29.7
137.0 3.7
o
001=g001
> 420
5220
103.1;
1231
137,00 ’ !
125,37
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For ‘each analysia in which a significant F was found, indlicating sig-
nificant varlation in the means of ths visual groups, the differences beo-
twesn pairs of means were tasted for significance by use of the t-test, The
rosults of those tests sre presented in Table 17, It will be noted that al-
though a number of the diffarences between visusl groups 't statistically
significant, there is no apparent direct or linsar relationship between scores
on the tests and degree of visual handicap, For this reeson, and in view of
the generally low correlations between tests and criterion meesures, analysia
of varience, rather than analysis of coverlance, was 3on|1dored Justified in
the case of all criterion measures except Fasa-Fail,?

The fact of the relatively high correlationa between certain tests and
the criterlon Fass~Fall was not oonsidered justification for uee of covarie
ande in the anslysis of all criterion measures, KoWever, as noted previously,
in the analysis involving the Fass=-Fall coriterion the significence of dif= _
ferences in pasaing end falling, among subjects with high and low test soores,
respectively, was deternined through the use of lnteractlicn chiesquarel, Fare

tial correlation technique also was employed,
Regulte: Dispopition of Cases
Mention has previously been nade of 'it.bdranln from the course, and
before proceeding to a discuseion of results in terms of individual criterion
measures it is desirable to present data bearing on differences between visual

groups lén terms of the dispositlon of ocases, These data are presented in
Table IS .

Rithirawals, Ae ls evident from inspectlon of Table 18, only 14 per
oent of the subjects in Group A withdrew; whereas of the B, C, =and D groups,
-respectively, 33, 33, and 37 per cent withdrew, The variation in these per-
centages iz signifiocant at the 1 per cent level of confidenas, When Groups
A and B were pooled and oompared with the pooling of Groups C and D, 21,1
psr cent of the former combination of groups withdrew as compared to 35,2
per cent of the latter. This difference in percentage is also aignificant
at the 1 per cent level of corfidence,

Theee figures suggest the hypothesis that atudente with defective
visual aculty arp leas motivated to fly than are those with unimpaired or
alightly impeired visual aocuity, On the other hsnd, on the basls of informal
interviews with subjects, there 1s also considerabls justification for the
additional hypothesis that lndividuals in Groupsa ¢ and D were subjected to

21t 18 of epke Interest that in gensral the tests showing the largest
munber of correlations with the criteria which approached or exceeded tha
lovel of statiatical significance are alsc those for which signifiocant
variations 1n group means; sttributable to Visual Group, wers svident '
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TABLE 18
DISPOSITION OF ALl CASES INVOLVED IN VISUAL STUDY
{
H Lpplivente
'j 843
| i
1 Agaepted
On Hand for
at end of Training Disqualified
Progras f A ~ 10 1 or withdrew
B - 60 {
50 ¢ - 63 | 710
L b5 ‘
\ - S
{ '
i :
Veriation in percent- {Withdrew be- | Begen
ages of withdrawals fore bSegin- Training
significant at 1¥ level | ning train .
of confidence, Also A - 14 (13.9%) }2101% A~ 87
-pignificant at 1% level | B - 20 (33.3{12 B = 4D
of confidence whers A's |C - 21 (33.3%) } 35,2% C o« 42
“.and B's pooled, end Cfs {D ~ 22 (37,38 D~ 37
and Dis pooled.
A
{ |
Fithdrew { Received
efter begin~ | Training
ning tealning
A7 A~ 30
B~2 B~ 38
=2 C - 40
P =1 D~ 36
I S,
: ¥ashad Liconsed %
Variation in percenteges of waah- out :
outs significant at lovel of A~ 121(5)%(25,0%) 16, %% 4 - 6B %
confidence, Also significant at B Bi{2)»(n.1%) UL Bp-ag
1% levsl of confidenoe whers A's G o< 1RI{1){30.08) |} 38.2% G« 28 !
and B's pooled, and C's and D's LIRS VAWALICA - § } ’ n - 1%
pooled.

g
!

“32e

_ar

"Thaze ¥eluee ere ths amber of sublsats whe warasd nd bafore f=klngy
vag veinate pliot o eswe metion,
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more compents than were those in Groups A end B, to the effect that they
were endangering themseives in undertaking flight training. However, it
may be recalled thst significant variation in means of the visual groups
was found for the Desire to Fly Inventory, even among those subjecte who
did not withirew. The D's showed less desire to fly than all other groups,
The subjeots showing the grestest desire to fly in terms of acores on this
test were the B's and C's, with the A's Intermediary, Twelve individuals
withdrew after training began, The number of withdrewals in the four
visual groups is, however, tco small to permit statistleal evalustion,

Licensing. OFf the individuasls who continued training, 15 per cent of
the A's, 21 per cent of the B's, 30 per cent of the C's, and 47 per cent of
the D's falled to recelive licensea. The variation in percentsges of wash~
outs in the visual groups ia aignificant at the 1 par cent level of confi-~
dence, although the difference in proportlons of wasiouts when adjacen®
groups are comparad, i.e,, Group A vs, By B vs. C; and C vs, D are not aig-
nificant except with reaspect to the lust compariason, a slgnificantly greater
proportion {(at the .0l level of confidenca) of Group D than Group C subjects

having been eliminated befores completing training. It is interesting to note, »

however, that the differenes in percentages of washouts between the A and B
groups is smaller than that between any other two groups. Furthermore, when
the 1ndividuale of Groups 4 and B, on the one hand, and of Groups C and D,

on the other, are pooled, the percentage of washoute in the former two groups
is only 17 par vent as vompared with 38 per cent in the latter two groups.
This difference is significant at the 1 per cent lovel of confidence.

It appears evidsnt that congidering all subjeocts in eash visual group,
thomse with marked visual defect exhibited a significantly greater incidence
of withdrewals from the couree, and a significantly greater failure rate.

flegulta; Tearnipg Curves

Learning curves were drawn, using averages of the visunl groups, for the
flve duplicated criterion measures listed on pag® 24. In view of the special
importance of lsndings in this investigation, the learning curves for the ori-
terion measures of landing performance were also drawn.

These learning curves serve two purposes. First, they permit visusl com-
parison of the learning rates of the four viaval groups. Second, they permit
visual comparison of the performence of the visual groups at various atagss
of training.

Figures 5 to 12 present these learning curves. Examination of these
curves shows that there ls a distinct tendenay for the A and B groups to be
superior to the C and D groups, This superlority is more merked in the finsl
than in the early stages. Thus, it 1a interesting to note that for the
various oriterion measures administared by the check pllots (Figures 5, 6,

7, 11, and 12) on the second check flight the mean performance of Group C
subjects 1s equal or superior to the mean performance of either Group A or
Group B subjects, or as 1s indlcated in Plgures & and 7, auperior to both.
This superliority 1s not evident, however, by the time of tha fourth check
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Tarongkout, ,
At hae Deen Fu gasied ahove, ha choelk Tlight grades are wdoubtedly
legs relisble than thosae which reprasent the average of dual flight grades
ndminintered over & full quarter of training., In any cass, thers is little
qyacstion of the superfority of the A and B groupe in the fourth check flight.
I shiudd be noted finally that even in the later stages of treining, there
12 soms amblguity iu sevbrul off the criterion measwres as to relative rank
of Groups A and B, end alen of Groups € and D, These results are in general

‘aémamant with the finlings in terma of dispogsition cf csses,

/ Resuibs; inaivals of Varisnce ot tbe Thirteon Griteriog
Beaguwres for a}l Subfects Teeined

the thirteen criturion aartires listed in Table 7 were snslyZed Ly the

A 2
mzthodn of analysis of varlance, in terms of the design outlined previously.

~3 potcd, two smalyses vers ton en dach erviterion neasures one in which
Jisual Groups and Classes wore cortrolled, end ons in which ¥isual Groups

and Thetructors were zoatrollad, As a preliminary to the agzlyses of vari-
crce, Bartlstt's test Cor horogeneltr of variance was oede. The results of
uhds test Indlcated that the assumplion of homogencity of vorlence was justiw
fied, This in itself ripresents a poslitive finddng thruugh the indication
thet the variability in fllght performence of groupe of supjecte, differ-
entlated a» these groips w.ve In toras of visual efliclency, is comparable.

Teble 19 gives the resnlis obtalned from these analyses of varlance.
Ide toble showa the p-values obtslnsd for each F. The table also presents
“ae uesng for the visml grovns om each eriterion measwre. It should be
tauptee out that there were soveral instances in which an instructor did
wob ve students in smch visusl group, 1In those instuwes, the data of
those instructors were not lnciuded la the Vismal Groups~by=Instructors
roalyses. The talle Bhorelore pressnts tho means of the visual groups
creparately for each t%rpa of anelysia. Hovever, every oless kad students
‘n eash visual group. It ghordd he noted that vhereas the meanas basad
i tha Visual Croups=hy=Ulasses have the advantag. of Leing beced on some=-
what more cases, ihe wenas based on the Visupl Groups-by-Instroctors will
sol contain any blas due to tha fact that the inrtructors nay not be distri-

ted oquitably anong the vieunl groupo.

2bme egsunption of homogeneity of veriance is baaic to the applica-
tion of the procedure of enalysis of variance. “hs results of the test

For homogenelity of wvarionce are prosenied in Appendix 1.

<2In the eecond class, ths data on the Purtne Sum wers very incomplets.
“hig wes the cnly instance in vhich a class had to be dropped.
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SIMMARY OF RESULTS OF ANALYSES OF VARIAKCH:

TABLE 19

MEARS OF CRITERION SCORES FOR VISUAL GROUPS

Yiaual Groupe-by-Classes

Wid . Wtd . wWtd. Wtd. . Wtd. i ¢ Last. Iest Pardue TIS
Ov-All MMZ  Ov-All OSFI MG Iagt Ov-All CSFI  Sum

{1} _{ce) _(cp} _{(c®} 1) _ CF{CR} (cpy _(cR} (¥ _
.80-.¢5 .0H-.0L :20-.05 :20-.056 > .20 .20-.05 .20-.06 2,20 > .20 ».20 .

4.001 .20-.05 .20-.05 <,001 ¢.ODL .G > .20 <.001L  ».20 D .3¢C

.20 .20 .20 .20 » 20 .20 .0H6-.0L ¥ .26 .20
49.93 . 67.85" 59.11! 66.29 . 52.56. 73.357 69.0. 7% Q0  207.9° 28112
48.862 67.89: 57.85: 65.8170 5i.02:i Ti.T2T B2 Tos v 216.2- =.80e.
465400 65.70: 56551 63.967 49,923 Ti.ulbt &5.2: 6B 3 - 22667 2,826%
h7.a4 ¢ 65.314 S54.60c 62.354 49.68: T1.90% 65.83 67.4F 2k4.06 .2,85%4

Viaual'Groups-hy:Instructcrq

.20-.06 .05-.01 .05-.01 ,(5-.01 .20 .20-.05 .20-.0% .20-.05 F.R0 ?.20
<.001 .20 .20-.05 < .001 ¢.001 .20-.05 .20- 05 -2G-.05 ¥ .2C .05-.01

>.20  ».20 ,R0-.05 .05-.01 .20 .20 .20 .20-.06  >.E0 .05-.01
50.261 68.331 59.781 66.82: 52.953. 73.85 1 69,7) T72.0°. 209.k: 2.810°
k8.852 67.922 57.982 65.882 51,302 73.76% 3B.57 70.7% 211172 2.802°
46.854% 65.982 56.883 64,343 50.333 TL.384 5554 6813 216,67 2.68263
b7.14 7 65.31 4% 5h.604% 62.354% LO.6Bh T1.90 65.83 6B7.00  2ak.Th 2.853%
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From thie table it may be seen that:

1. In the Visual Oroupe-by-Clssses analyses, the following oriterion
aeasures show slgnificant mriation in the means at the 5 per cent level
of confidence:

a. Weighted Mean Meneuver Grede (CP) - rank order: BACD
b. Weighted Ianding Mansuver Grade (CP} - rank oider: ABCD
¢. Welghted landing (6FI Score (CP) - runk order: AEIC

Examinetion of the differences emong the means shows that the Afg and
B'a differed only slightly, and that the C°s and D's differed anly slightly.
The largest differences preveil between the A-B pair and the C-D pair.

2. In the Visual Groups-by-Inastructors analyses, the following cri-
torion measures show significant variation in the mesns at the 5 per cent
level of confidence:

a. Welghted Mean Meneuver Grade {CP)} - rank order: ABCD
b. Welghted Over-all GCrade (CP) ~ renk order: ABCD

¢. Weighted O0SFI Score (CP) - renk order: ABCD

4. Weighted Ianding Maneuver Grade (CP} - rark order: ABCD
o. Welghted Ianding CSFI Score (CP) - rank order: ABCD

. VWeighted Lending Mansuver Grede (I) - rank order: ABCD

In these analysea the reank orders are conplatent, with A showing the
best porformsnce, B next, C next, and D lagt.

3. In every instance, with the exception of the Purdue Sum 1n the
Visual Groups-by-Classes analysis, the A's and B's show better performance
than the C's and the D's.

4. Significant class variances, at the .1 per cent level of confi-
dence, are found in 5 out of the 13 eriterion measurer.

5. Bignificent Instructor wariances, at the 5 per cent level of confi-~
donce, are found in & out of the 13 ¢riterion measurés. Four of these are
slgnificant at the .1 per cent level of confidence.

6. BSignificent Visual Groups-by-Cleasees interaction, at the 5 per cent
lovel of confidence, are founi in 3 out of the 13 criterion meapures. -

7. 8Significant Vieual Groups-by-Instructors lunteractions, significant
at the 5 per cent level of confidence, are found in 4 out of 13 criterion
nsaaures .

The F-tests in Table 19 indicate whether the wariation in the means
of the visual groups 1s aignifisant, but do not show betwesn which specific
groups the differences are signjficant. Therefors, in each instance, in



o

which the F vms found to be significent, t-tests betveen each pair of means
:::em. The vesults of thees tests ere sbown in Tahlse 20, It moy be sean
e

1. For seach test involving the A and the D groups, the difference ias
signifiocant,

2, Exoept for the differences Detosen 4 and B, and the differences be-
twewn C and D, eignificant differences are found hetween means of each peir
of groups in at least one amlysis,

3, For the Welghted Landing OSFI (GP), all differences are pignificant,
eesept those betveen A and B, and betueen 0 snd D,

It is evident that the avalyses of variance o date from all subjocts
indicated thet sigtificent variance in group means existed in terms of a
nunber of oriterion wmeasures. It ie alsc of intersst to note that two land=
ing measures ylelded significant variation in both the auslyses coxtrolling
Visml Groups and Classes nnd Visuel Groupe amd Instvwobtors, The teteost anele
yela Indicates that the lenst algnificant differences are in general betusen
Groups A and B, and botween Groups ¢ and B,

E

The resulte of the amlyses so far dlccussed show a definite relatione
ahip betweon visual efficlency and osrtain exriteria of flight performance.
Hovever, the results cannot be interpreted asm abawring that all subjects with -
vieusl defecta charscterietic of Growpe € and D falled to aitaln accepbable
flight proficiemcy. UNven when fallers are included with ranssers, np is the
oape in the date discussed up to this point, there are on all 13 oriterien
meaoures subjocts In Groups ¢ and D vho rade gooros botter than the averase
of those atiained by aubjecte in Group &, .

This fact is brought out graphically in Figwres 13 to JB, In these S
figures are presented cumulative curves which indicate the proportion of o7
sach visuel group excesding varlous scores on each of the six criterion
ma%a ylelding significant Pfa in the Visunl Groups<by-Instructars anal-
yoie, Fop exsople, visusl groups represent a oignificant source of ward~ -
ation, at the 5 per cent level of confidence, in porformance ag neapured by -

2brhiene curves can be read Iin Hwo wayer

1. By choosing some point on the horisontal axis, ome can read on
the vertloal axis the perventages of subjects in cach visual group vho made
a poore at or below the choren score. Thus, for exanple, for the Teishted
Hean leneuver Grede (CP) (Figure 13), appromimately 25 or 30 per cent of the
subjecte in the A and B groups have svores of 65 and below, and a taly
45 or 50 psr cent of the subjects in the C and I groupe bave scores of 65 axd
below, indlesting distinct superiority of the A and B groups.
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' FIGWE 16
WETGHBTED OSFI SC(RE (1-I/a) {cr) |
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can be made from the remainder of theee figures, . ‘ - "

.jects in all Visual Groups who recelved their licenses, ,?fé%ﬁ

from Figure 13, 22 per cent of the subjects in Group ¢, and 27 per cent of ; §=
the subjects in Group D, respectively, attained scores at or above the AVerw T,
age of pubjects in Group A. A similer situatlion is apparent in terms of thpf% g
Feighted Landing OSFI Socore {Check Pilot). Although signlficant variations - i: i
in group measns, attributable to Visual Group, wers evident in terms of this .. _ %
measure, reference to Figure 1li indioates that 32 per cent of the subjeetugigfgég
in Group C, and 22 per cent of the subjecte in Group D make scoree equal to 7.7
or batter than the average of subjects in Group A, Similar interpretations . . I

These figures are in agreement with the resulta of other types of anal- . i
yaes whioh indicate that the C and D groups are in general, somewhat inferlse’ [
to the & and B groups., Nevertheleas the graphic presentation of the amount “3-.:*
of overlap between groupe, as represented In these figures, ocannot be over- ' 7..71f
locked, It was for this reason that a separate analysis was made of sub- i .- .

Y

From the results repcrted in the preceding section, it.may be concluded- .
that there 1s a definite relationship between visual ability and flight pcrc-‘}'.jff__:‘g
formence. The question now arises as to whether there is any relationship = i
between visual ability and flight performance among thoge subjects who were - -/
considered sufficiently competent to receive private pilot's licensea, In S
order to answer thls question, the analyses were repeated, using only the i

‘data on subjects who were licersed. The analyses have lmportant practical k}i?

significance. From a statisticel point of view, 1t has been demonstrated
that a relationehip prevaills. However, since ‘there were soms subjecte in
the D group who showed superiority to some subjects in the A group, the
queation remains open as to whether the same visuel ability 1s related to
flight performance among licenged pliots me well,

The answer to this inguiry ms noted above 1lies in an analysis of data =~ =%

from only those subjeocts who passed the flight examinstion, Thie analysis =~ ™ 'z
was carried out in oxadtly the same fashlon ss were the previous anslyses, = . %
exoept that only subjects passing the flight examination were lncluded, The - i/
results of these analyses mre presented in Table 21,27 . }3?“
26 (Continued) oy

2. By choosing some point on the vertlcal axis, one oan read . i

on the horisgontal sxis the corresponding score at or belos whioh the chosen . T
percentage of the groups fallr, For exampls, in Figure 13, whereas 50 per I o
cent of the A and B groups hava scores approximately 68 or below, 50 per - E
cent of the C and D groups have scores approximstely 65 and below, o
ZTApplioation of Bartlett test lndicated that the assumption of homo- ,-§§

genelty of varlance was justified, GSee Appendlx 1, A e S
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. SUMMARY OF RESULTS OF ARALYSBS OF VARIANGE FOR SUBJECTS WHO WERE LICEWSED:
- MEANS OF CRITERION SCORES FOR VISUAL GROUYS '
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: The results of this analysis indicate that, whereas in the aralysis
of visual groupe by instructors, for the eptire sanple, significant varie
ationa were found in temms of six oriterion measures, in the analysis of
data from licensed subjecte only, significant vari.ation wag found in
terms of only two criterion measures. These were (1) the Neighted Ohlo
State Flight Inventor,; score on Landing (a measure obtained from the
check pilots); and (2) the I?e:l.ghtod Landing Meneuver Grade (a measure ob-
tained from the instructors).

Testing for the s:l.gnif:l.cance of differences between means of Visumal
Groups by the t-test indicates that differences in performance between
Groups A and C, and A and D, were most eignificant whereas differcnceo be-
tween Groups B and C, and B and D, were lems slgnificant, CGroupsA and B v _ ;
and Groupe C and D did not differ significantly in terme of thece measures. .7
These facts are evident from Table 22. R

The analyees of data from licensed subjects only indicate significant - ;-
variation . in group meane, and significant differences for group means in
markedly fewer criterion moasures than wae the case when data from all sube
Jeots were analyzed., However, it should be pointed out that since these
analyses wore based on fewer cases the power of tho tegts of signiflcance
vas reduced, Therefore some reduction in the mumber of criterion measures
yielding simnificant results might be expeoted.

It is aleo noteworthy that in apite of the fact that only licemsed -
subjecte were gonsidered in these analyses, and despite the reduction in
the power of the teste of significence, significant variances, and signifi-
cant differences between group means are ovlident for two of tﬁo
neasureg, the Group C and D subjects exhibiting less proficlent porfomanco
in terme of these oriteria.

TATHIE 22
RESULTS OF t-TEST ON PAIRS OF MEANS OF CRIPERION SCORES FOR THOSE ANALYSRS 7 i

IN WHICH F WAS FOUND TO B SIGNIFICANT AT 5% LEVEL OF CONFIDENCE
{PASSERS ONLY)

Analyses &!s.a griterion Hesoureg »
Delshted landing  Telghted lsan rhneuva&ff'
OSPT SCORE Grgdes on Practice %
(cr) ML___;:; -
A-B Q0> P20 GO P) 50 - wEr
A=C . 01> P> 001 01> P 7.001
VYisusl Group A=D L0572 P72 02 10> P > 05"
by B} 02> P? 01 ..J.D? P) 005
. Instructora B=D . A0>»P7 05 30> P> ,20

G-D .m?P, .60 B ) .60’ P’ 550




o Resultas
!

.. In view of this evidence that the vicually deflcient subjects were leas
groficient in landinyg, analysee were mede in torms of individugl items on

4he Ohlo State Flight Inventory which pertalned to landing performance.

15 tho Oblo Skate FIISHE Toventory.

In view of the fact that the previous anslynes heve indicated that the

visual groups dlifer in landing proficiency, even if only the subjects who

- . gere licensed are considered, it was decided to make a detailed statictical
analyele of the landing errors by the spubjects in each visual group. A

further reason for meking such a detalled study 1s the a_priord importance
of pood landinug performance for safe flying,

Tho detalled analvses of tio items wore vased on the data {rom the
fourth check flight only. During the fourth check flight, each subject made .
three landings, To annlyze these data, a 2 x 4 table wms constructed for

each landing, shoem in Figure 19. The appropriate freqmm%ga were entered
in the celils and a chi-equared test of contingeney was run .~

A B ¢ b

Satisfactory

Insatisfactory

L | FIGUHE 19

After a seperate analysis had been made for an 1tem on sach of the
thrse landings,  the data from the three landingn vere poolad in a single

table, and chi-aguared was computed., Also, the chi-squored ues and de=
rrees of Treedom for each of the three landings were added.

w. The results for the total earple {as opposed to licensed
cubjects only) are given in Tsble 23.

The table also gives the percentages
In cach visual group who shoved satisfactory porformance on the item. Eaan-
inotlon of the table shows thats

1. Ttens in vhich there 13 a relatlonshipn between vieual group and pers .
centage of satisfactory performances (p-velues of 5 por cent or less) arei

BThis test is mathematicelly equivelent to s test of {he sgignificance
of the variation in percentages,

2980th of these teste are probebly biased aince the requirement of ine K
dopendence is essential to each,

The tests trere made to get an over-all
view of the reoculte.
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a. Whetier the rﬂ.reﬁti—au diing roll is constant or varled.
b. Whether the wiag lovel ducipg roll is constant or varded,

. Uhether %he subjeot did or did mot stall the airplans in
‘ landing.

d. Vhetkor the subject did or did not correct for drift.,

e. Vhether tha subjeot did or did not level off at the appropriate
height.
- i /
f. Whether the height above the ground at stall mas correot or
inoorrect, .

‘g Whether the landing was satisfactory or unsatisfactory.

2. In each of the above instances in which the variation in percentages ..~
vas found to be signiflcant, the percantege of setisfactory performances for  oi"
the A and B groupe is higher than the percentaps of satisfactory performances

for the G and D groupa. . '

Licenged Subjscta Only. The date on the landings were reavalysed using
only subjecte vwho had received their licemses. The results of these analyses
are presented in Table 2. Exapination of thle table showe thats '

1. Ttems in which there is & rolationship between visual group and
contagé of matisfactory performance {(p-values of 5 per cont or less) are:

a. Uhether the aubject did or did not stell the airplone in
landing.

b, Thethcr the subject did ox did not corrsct for drift.,

¢, Uhother the helght above ground at stall was correct or
morrmtn ° .

d, Ghather the landing wes satiefactory or unsatisfactory.

2, Ahgain, in cach instance in vhich the wvarlatlon in percentages wes
found to be significant, the percentae of satisefactory performances for
the A and B groups is higher than the poroentage of satlsfactory porform-
enceg for the C and D groups.,

The results of thess analyses cannot be held %o indicate that all
visually handiecapped pllots are inferior in landing to pllots with ao-called
"normal' or “near normal" vision, Hovever, the results do indlcate that N
even among pilots passing the flipht sxaminatlon, visually handicapped pllots . ==k
such es thope subjects in Groupe C and D are as & group somewhat lees pro- = '#ivd
ficient in exsouting landings than ars pileots with more “normal® or "near
normal” visgion, as represented by pilots in Groupe A and B, ‘

30pach of these mas also significant for the total sanple given.

1
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TABLE 2&

AND LANDINGS IN OSFT FOR

Dighotory

Constant
or
Yariea

Congtant
or .
Yarles

Constant
° or
VYaries

Constsnt

Varies

Smoothly
or
Abruptly

Did
or
Did Mot

Conatant

Varles

Landing

1l

2

3
Pooled
1+3243

Pooled
14242

Pooled
1+2+3

Panled
Ps243

ACVIE LI g

Pooled

1+2+43

b pd i

¥Yooled
1+2+¢3

Fooled

12453

AR . B
420 42 3248 3
&L 10 ¥ 37 0.381 3
50 30 3% 5.08%5 3
45 33 3 i3 4,418 3
‘ 5,7 9
43 41 39 47 Q.49 3
55 LT 45 47 1,056 3
55 45 %0 6 1.502 3
51 46 45 52 1.362 3
3.007 9
B T 856 7.608 '3
50 55 50 42 0.78¢ 3
57 60 44 65 2,205 3
52 64 I8 54 5.434 3
10,595 9
82 93 B85 94 3.287 3
83 83 71 84 1,960 2
82 93 P &9 2.91% 3
8, .90 72 89 £,162 3
2,166 9
6E 52 63 &9 2.3%03 3
64 75 56 100 5,143 3
71 76 65 @8 1,59 3
67T 77 62 82 6,392 3
. 2,058 2
75 7T 0 76 C.433 3
& 80 87 42 8.659 3
T, B3 61 0 7.733 3
71 80 63 56 12.156 3
16,823 9
™ 9 a0 89 L 166 3.
80 86 8) 79 0.5%5 3
g2 Y 1.042 3
3,406 9

oF%= .50

RESULTS OF CHI-SQUARED 1ESTS CT C:HTIEGEECI OR I"Eﬁu O ¥IRAL APPPO&BB
JOENSED sUBJEOTS ONLY

.

B0=-.70
:.95"' a90
nzo' 010
0 3= 20
o T0- .50

-80=.70
+70=450
o80-.70
+98-.95

a10“005
l% .m
970"‘050
+20=,10
uw” 130

o 50= . 30
a?c-vm B
250,30
020= .10
LT0=- .50

>0« 80
n ikl :'10
S70= .50
520" .110
:.‘50“ GBO

:—95"%‘%
05,025 -
210~ ,05
201~ . 003™
+10=~ .05

\:70".‘;5‘:} .
. 80~,70

<95=- .20
80=.70
25+ .20



rm.n 24 (Continued)

RESULTS OF CHI-SQUARFED TESTS OF CONTINIENCY ON ITEMS OFf FINAL APPRORCH

AND LANDINGS IN OSFI FOR LICERSED SUBJECTS ONLY

diten

Observer Did Kot Poolad
Appipted in or -
Leandinges Dia
: 1l
Conetant 3
Speed ar ' 3
Varios Fooled
1+g+3
1l
Corrsction Did 2
for o 3
Drife Dig Iat Fooled
1#23+3
' X
Tevelns off at Did 2
Appropriate or 2
"Helight Pid liot Pooled
Yozs3
1
Height Above Correct 2
Ground at or 3
Stell Insoreaul Puoled
e2+3
1
Satisefacltory 2
Landing or 3
Tasatiptactory Pooled
123
. 1
Unsatisfan~ Does or 2
tery Landing Loes Hoi 3
Corrvact f«ooled
i+2-3

#8ignificent, at the &7

A
Ve

A
95

34
42
46
41

62

70
76
70

68
57
65
63

-

53
&4,
A

65
b8
i3
&%

48
T0
78
&4,

9»

34
34
24
34

93
64
62
73

57
&9
&7
64

&
8G
4

X3

70
Yai
7
T4

&
5

59

level of confidenss.
*(ell frequencies wors too small to permit separate sualyses for 'essh landing. © . .

| [

33
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f,\. y

50
2+
54
50

34
&'/
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a1

MMW

B
96

37
63
53

67
53

61

&7
47

&3
41
5

/
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50
e
&7
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W Tn addition to the amalynim of criterion :wamures pressntsd thus far,

F3 dati: from the photopraphic records vers aleo snaiysed. As noted previously,

photopruphie records were taken during the folleving mancuvers: (1}
Straight and Level, {2) 720° Steep Twme, (3) Take-offs, and (4} Landings.
The {ilms vere run off in slow motion projection, and detalled records of
warious aspectes of the subjectls perfrrmance verc made on speclal check
pheals developed for ithig purpese.

SE PR
PR P S F AT

On the busis of the information recorded on the check sheets, several
pegsures, vhich will hereafter be referred to oes "itemsY were caleulated,
ror each 1tem, the record nas acored 1 Af "correct,® and 0 if "incorreet,®
An {ien vee coneidersd “correct" or "incorrect" on the basia of: (1) a
sriord considerations, or (2} the pozition of the lten with respect to the
medisn of the distribution of the items for a remdom sanple of Group 4
recerds,  The iteme and the criteria for seoring are given in Table 25,

Turing each check flirht, three Stralght and levels, four Twrns, three
Take-offs ond three Landings were photographed. :

For each of these nancuvers, a score consiuting of the nuxber of cor-
rect ltens divided by the total number of ltens awilab;e wa8 computed.,

The folloviny steps were teken in obtalning scoroe for omch subjects

1. Tor each mancuver (including duplications of & maneuver in a check
flirht) in each check flight, the mumber of ¥11's" was divided by the sum of
*1is" and "0'g” giving, in coffect, the percentess of correct items for that
maneuver, Thus, for example, the Straight and Level acore mirht be 8/12,

- or 67,31 chere 8 1 the nuxber of correct items out of a possible 12 en
threa performances of Straight and level,

2. Tha percentarss for the four menenvers were sverared to plve a
Total Photographic Score, .

3. The welghted average for each of these five scorss was determived
by assirning the welights 1, 2, 3, and 5 to the first, second, third, and
fourth check lights, respectively,

Thene Five weighted acores were ihsn analyzed by the methode of édnaly-
sis of variance in the same fashion ag the other criterion.measures. Thus,
for sach gcore two analyess were run. In one, visual groups and classes wg
controlled, and in the other visual groups and instructors wsre controlled.

3lfor convenience oach of these valuss was multiplied by 100.

- 32pgain, the question concerning the significance of the varistion in

vy . dispersicns mey be asked with respect to the results on the photographic rec-
P orde. Bartlett’s test of homogensity of variance was used to cobtain an anawer
A to this gquestion. Table 32 in Appendix 1 shows the results of the homogsneity
£ tests for both ths total sample and the licansed subjects, and for the Visual

Groups-by-Classes and Visual Groupa-by-Instructors ammlysis. In' no inatance
ig there sufficilent reason to reject the hypothesls of homogemelty.

SEL
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FEY UaND POR SCCORING PHOTOGRAPHIC RECORDS
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" Mone of the analyses mhows aignificant’visual group variances.

inalvels of Varigace fop Total Semple Table 26 presants the results
of the analysea for the tota’ pample. Out of the tean analypes which were
run, orly one ahbows significant variation in tho mesrs of the visual groups. .
This eigoificant verfable was the Welghted Turn Score in the Viawal Groups-
by-Inatructors analysis. Agaln, the A and B groups arw supericr to the C s

and D groups.

mble 27 shows the results of t-toste of ths differences batween paire

of means. The differances 2 -~ C and B - C are significant at the 5 per ‘cent

lovel) of confidenca. Only the differsnces A - B and C - D aro not sigoifi-

- cant at the 10 per cent level of confidence.

Significant class wariances ars found for the Weighted Take-off Score,

the Weighted landing Score, and the Welghted Total Score. A algnificant
intermction of visual groups and clagses ia found for the Welghted Turn Score,

indicating that the relationships smong the visual groups clhange frou class
to clasa.

Apzlvais of Variance for Licenssd Sublects Only. As was previously done
for the cther criterieon msagures, the amalyses of these five scores con the
photograrhic records were repeated using only the deta on the subjects who

wvere licensed. The ragults of these snalyser are presented in Table 28.
S8ignificant

¢lass variances appear for Weighted Tuwrn Score, Weighted Take-off 3core, end
Weighted Total Score. A signifisant interaction of visusl groups and instruc-

tors appeara for the Weighted Turn Score.

Results: ' Anslysis of Variance for other Individual Neaneuvers

The results of analyses roported so far indicate that visually deficiemt
pub jects, as oharacterized by members of Croups ¢ and D, exhibitsd scmewhat
poorer flight perforuance particularly in terms of criteria assoociated with
landings. -These findings raise the tuestion of whether sigunificant differ-
ences in performancy; would aloo be evidant in terms of other mansuvers.
Therefore, analyses of varienca were run in termas of criterion msaswres taken,

in Wz IDllowirg menenverg!

Straight end lLevel

Straight Climb o
720° Power Turn

. Stall

Take ~off

As in ths cags of other criterion measures two types of analyses wers
run, vix: analyses in which vieual grous and clzsaes were controlled, and
sualysea in which visual groups and instructors were contrclled. The re-
sulte of these analyses are [resented in Table 29, Framination of Table 29
indicates that in texms of doth mnalyses dy classes and by insitruotors aig-
nificant variation attributable to visual groupe was evident for criterica
measures taken during the stroight climb. In terms of these criterion meas-
ures the performance of aubjects in Groups C and D wag poorer than was the
performance of subJjects in Groups A and B. Jurthemmore, in terms of the
analyses in which visual groupe zuid instructors were controlled significant
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TABLE 27

THE VISUAL GROUPS-BY-INSTRUCTQRS ANALYSIS FCR WEIGHTRD
TURN SCORE (TOTAL SAMPLE) |

Pairs 2
A-B .90>P> .80
A-C L5 P>.02
A-D A0 P >.0B
B~-C B> P>.0R
B-D 0P >.8
Cc-D _ ' B80>P >.70

variation attributable to risusl groups ‘vas evident for one of the oriterion
measures taken during the stall (weighted maneuver grade given by the instruc-
tor) and in terms of one of the two critericm meapures taken during the take-

off (aleo weighted maneuvsr grade). Again, the performance of subjects in
Groups C and D was inferlor to the performance of subjects in Groups A and B.

Results discussed earlier in the report indicated that subjects in
Groups C and D exhibited scmewhat poorer performance in criterion measures
associated with landings. These findings sugpest that such sapewhat infer-
ior performance may alsc be svident in terms of the straight climb, and
poseibly in terms of elemants of performance aspociated with the ptall and
the take-off., Howeve:, the evidence of significant variance attributable to
icstructors, as 1ndicat-od in Table 29, indicates the Iimportance of consider-
ing the instructor wariable 1n omlun.ti.ng theas findings.

Results: Analyses of Variance of Criteriom Moa.uuros
taken on Inst Check Flight

The findings reported up to this point suggest inferiority of smubdbjeots
in Groups C and D in terms of certain criterion meanures associated with
flight performance, in particular in comnnection with performance om the ma-
neuver "landing.” However, it should be noted that with thres excepticnm,
the remalining 10 of the ‘13 oriterion measures were based < flight perforn-
ance over the firat 35 hours of the training course. Although statistically
aignificant difference in variance, attributables to Viesual Groups, wers evi-
dent for 6 of the 13 measures, euch significant differonces wers not inticated
for the three measures from the last check flight, viz: Mean Mansuver Grede,
last Over-all Grade, and Last (SFI score (2ll giwen by the check pilot). The
question ocan well b¢ raised as Lo whether visually deflcient individuals, ms
repreaented by sub jects in Groups C and D, while learning more slowly may not
eventually prove ma proficlent as subjects with slight deficiency or no de-
ficiency at mll, although perhaps taking longer to reach thias dearee of pro-

fictlency.

- In order to check on this posaibility, analyses of additional criterion
massures vere run in te;ma of data from the final check flight only, irre-
spoctive of the hour of training at which this cheok flight occurred. Thus,
17 & subject failed to pass the privats pilot flight test until after L5 hours
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TABLE 28

LUSHARY OF RESULYS OF ANALYSRS OF VARIANCE OF PHOTOGRAPHIC DATA FOR 'SUBJECTS WHO WERE LICENSED: F-VALTES
FOR P-TESTS: MEANS OF CRITERION SCORES FOR VISUAL GROUPS

v G ~by-C
Rtd. Eid, wxd, Wtd., Wd,
Straight & Level Turn Take-off Landing Total
‘ugivale —o-ScoTe Sgorse ——a£00T8 Score —Scops
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vEns of
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D 54024 68 .9.. 72.61 3809"; 58.5< «"q ‘Q‘z
5! Gropng-by~Instruo ,',:
wid, Whd, Ryd. htd, d.
Straight & Level : Turma Take-off Landing Total L
Lanizeie —BocT2 .. Soope__ Score_ _Score_ _.3core i
Jigwal Groups a0 3.20 > .20 ».20 s 020
Inatructors 3 20 ‘ is > 20 » 20 > 0£0
¥ox I S .20 053 P Py 0%, > -20 > o 20 :)HZU
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Trzans Greapst
- LT TS - 659 39.2° .00 e
e S R 62,1 &' O CoE
G £F.d 08,8, 65,82 38,24 . i "‘.‘“fq;:m
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TABLE 29
FaVALUES FOR F-TESTS
MEANS OF CRITERION SCORES FOR VISUAL GROUPS *
(o] ~by=C ‘a
Kid, wtd. wta, wid. wtd. Htd . Ttd, o
Climb Turn Turn Stall Stall Take-off Take-olf
GSF1 NG QSF1 ¥G QSFI _ MG D8FI .
01-.001 .30 $.20 .20-,05 > .20 .20-,05 . :20-.05
}..20 }vzo (.0001 czo-nos (nml ( 9003\ )Dl“' i
0 20=,05 c20=,058 20~.05 > 20 y W20 ,20-.05 L5 2
Mo.4i  T0.37 .8 96, 4" 66,37 10.7* 72,1 651
&1.0° 710,55 6.8 63,5 11,37 72.3 (< .2
56,1, 70.32.%5 96,7 63,13 11.3> 9.8 il S
54,95 69,45 01,7, 63.0 12.8, 69.8 8.5
1 Groyps-~-by~In truc o
,01-,001  » .20 » .20 p=.05 .20-.05 ,05-,01 ,20-,05
> .20 > .20 001 L,05=-.01 < 001 < 001 A5 0
> 20  20-.05 v 20 0 2.0 7 220 .05=,01 0% 004
434 0.6 96,2 L 66.9. . 10.5:  72.6:
471012 7094211‘3 WOL—‘-“ 64002 11023 ?235-“"
55.8. T0.42. % 97.12 63063 11..:.2 70,3 ¢
54u93 694441 10107 4 63004 12061:, 69:\8»7,

shumbers in red indicate rank arder of msans of visual groups 1n terms of proficiency of perforzancae.
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of flight training, his performance on tho final cheok flight at 43
was compared in theee analyses with the performance of subjeots sho pua@d
their flight test at 35 hours and whose final check fligl;t formance was
recorded after only 35 houre of training. Such analyses of':griterion meas-
ures taken on the last chenk £light, irrespective of the hour at which it = ]
oogurred, were run in terms of the two criterion meagures condernsd with - .°3
performance on landing. These sriterion measures were aqleotcd because: of - .
the fact that subjects in Groups ¢ and D had proved inferior on them, abd
beocause of thelr oruciel nsture., The reasuits of these analpn are pro-
sented in Table 30, In eddition, anslyses were conducted in tom of -two
oritericn measures covering performance on strange field landings.3? Thn :
results of thess analyses are alsc presented im Table 30,

Examingtion of Table 30 inditates that these analyses falled to yiold
slgnificant variances attributable to visusl groups. In evpluating these
resulta, however, it should be recognized that the power of the statiatiocal
tests of eignifioance was reduced by the fact that the oriterion measures
were besed on dats from a single ohesk flight and are, tbus, less reliabls
than sre oriterion mespures employed in previous analyses whioh wore based

Py

on a combination of data from severa) cheock flights. iﬁ
Ry

£ 21 Cppa=T'§ - | Ry

Ter Saleat T f»“i

Because of the nature of the correlatlions betwesn selectlon teste and @T

[P

Pass-Fril, it was considered desirable to determine whether the differences \
in inoidence of psssing {or failing), evident among subjects in various visual .
groups oould be attributed to factors represented by the test scores, There= .
fore two types of analyses of these daia were made,. one 1::'(0111.1:3 computation ;.
of the interaction chi=squared, and the other involving f.h-&onpntltion of a
partial correlation coefficlent,

7

e
iy

#

In the computation of the interaction chi-agquared, the subjects were
divided into two groupa in terms of their scores on each aslection test, viz:
one group comprising subjects falling above the aedlan in the test in ques»

b e
1~ TR T TR T v
A ik

ey #J‘

Al

tion, the other group comprising subjects whose test soores fell below the ‘“ﬁ
median, On the basis of this categorization an analysis leading to the eome Lt
putat%in of the interaction chiesquered was run, in terms of each seleotion e
t-.’to ’ .53
330n the check flight conducted following 35 hours of tralning, subjects o &:
" were required to execute an approach and landing at an unfamiliar airport.
The criterion measures in terms of whioh performance on this maneuver was re- e
corded were an over-all maneuver grade given by the cheok pilot and score on P
a specially designed check sheet included in the Okhlo State Flight Inventory. e
LoEE
3‘Th13 analysis proceeded as follows: Chi-?squarod analyses, categorical - gj

by Pess-Fell and Visusl Groups, were run separstely for subjects scoring above .
and below the median, reaspectively, in each teat. The chis+squared thus de- B
termined were :mated yielding a "total chiesquared" with an assoclated pume - "3
ber of degrees of freedom equal to the sum of the numbsr of the degrees of
freedom for the individusl chis-squared. A “pocled chi~squared" was also
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The results of this anslysle are presented in Table 3143 Inspection of -

this table indicates that, with the exception of the "Desire to Ply* test -
(D=F) none of the interaction chis~squared ias statistically significant at
the .05 level of counfidenco. ln the case of the "Desire to Fly" test the
interaction chi-squared is elgnificant at between the .02 and .05 level of
confidence., In terms of these findings, with the exception of the "Dasire
to Fly" test, there i1s no avidence suggesting significant differences inm - -~
incidence of failurs among mer, in the fouvr visusl groups, who have high
test scores, and low test acores, respectively.

One criticiem of this type of analysis 1 thd@ each teet 1a considered
individually. Therefore, another approsch was made to the problem through

computation of the partial correlation coefficlent betweepn "Visual Efficlency” e

and "Flight Proflciency." partialling out the effects of salecticn or match-
ing tests which, on the basia of thelr correlstions with the criterion and
among thempelves, appeared to represent the best Dattery of tests for pre=
dicting success in learning to fly., The three tests employed in the battery
were the Two~Hand ngrdination teat, the Greens test, and the Mechsnical .
Comprehenaion test. In terms of "Flight Proficlency® a score of ¢ was as=
signed as representative of the flight performance of subjects who falled
the gourse, a score of I being assigned to Pasaers. In terms of Visual Ef=-
ficliency a acore of O was assigned to members of Groups C and D a score of
1l to members of Groupe 4 and B, In the determination of the partlal cor-
relation (betwsen Visuml Efficlency and Flight Proficiency, with the effects
of test scores held constant) product-moment coafficients were employed even
though two of the variables were dichotomous, as indicated above.

The zero=order coefficlent tlme computed between "Vieusl Efficleney"
and "Flight Proficiency® was .22, which may be consldered aignificant at the
+01 level of confidence, However, when the effeois attributable to the
matching tests are held constant, the partlal coefficient 1a reduced to .05.
Thus the results of this analysis by partial correlation teochnique do not
indicate the existence of a relationanlp between Fass-Fail and visual effl-
clency ascores of D and 1 {where O and 1 have the meanings 1ndicated above)
when the effects of the selection tests are partialled out, .

The results of these two types of anslysis (interaction chi-sguared and
partial correlation, respectively) appear asuperficially to be contradictory.

24 (c°nt1nu°d)computed, represented by the distributions of all subjects,
categorical by Pass-Fail and Vipual Groups. To obtain the interaction chie
squared the pooled chi~squared was subtracted from the total chi-sguared,

the number of degreees of freedom for the interaction chi-squared being equel
to the difference between the number of degrees of freedom for the "total"
and for the "pooled" chis-squared, respectively. The irteraction chl-squared
indicates whether, asmong subjects above the median in test score, the lnci-
dence of failure in the various visusl groups ia significantly different from

that among subjects below the median in test acore, See: Snedecor, Gecrge W,

. (Fourth Edition}. Ames, Iowas The Iowa State College
PI'OBB, 194t6’ va 191'"192:

35The decision to employ a three test battery was purely arbitrnrg, but
was dlctated by the conaigeration that the correlatliona between the other
testa and the criterion were so low that inclusion of more than three tests
would have added little to the predictive efficiency of the battery.
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TABLE 31
ABSULTS OF THE CHI-SQUARED ABALYSIS (F THE PASS-FATL mrm:ml L
: TAKING ACCOUNT OF THE SELECTION TEST SCORES | ST
Seleption Tests %
e _ - g o
yroup Balow Hichotomy Poiat WAL no, J00L 0 »p u .l 05>p» 02 L0 %P 5 210 ¢
Group Above Dislusiomy Poiut % pp w59 02 »p~ 01 iy p > 003 013 p 5 .001 L
Toval 0L >¢ » .00L 02 > p» .01 p <001 Ol> p 5 002 ST
Fooled o s p 001 0l>pyx.00F  0l>p 5000 Qlm»p 001
interaction ] . 2% p > 10 S0 7 p oy 30 05 > p > 02 > p ».10 R
V.G Tgep faal Paos “atl Pagp’  Tpil Daus “ail .
B35 (esy 6 32 (768} 10 32 (74%) 11 27 (798) 9 -
s s 5 7(388) 5 (s 2 1381 3 ¥
Gyoun Saiew Dishobomy Poin. 6 (TR ; 12 {575 i g {504 g g {57} 8 S
D 7 (23%y 13 o (50%) 10 95 8 12 (57%) 9, SRREE
Vot of il 31 6L (6%} 2., Su i6BE) 30 61 (685 29 ;i
A i 34 (928) 34 (9g) 2 38 (9GR}T 4 "
S - A 2 27 (88%) 3 % {(738) 5 27 (77%) 5 ‘ _{
2zuony Above shotomy Point 1z {'?..51 £ 16 (8:5) 3 19 (B6%) 3 i9 [83%} “ -
oo 227 4 o {56%) v 10 (53 2 74T} F
. : Taval T8 (&EY 19 g1 {38 16 IRgEY 20 81 {"9%y A o
' 3y
L og {838 12 66 (84ftm 13 % (84%) 13 & (8%} 13
- ‘ \ s L3 ivERY 8 29 (78%) 8 {79 ¢ 30 {795) 8
Fovied S e B 28 (70%) 12 23 (708} 12 28 (70 12
A CH L 2 BN 19 (533} W 19 {(57) 17 19 {33} 17 )
L Totsl 14D (781 50 42 (748) 50 143 (74F) 50 LR (T&E) S0



TABLE 31 (Cont.)

KESULTS OF THE CHI-SQUARED 4MALYCIS OF THE BASS.TAIL CRITERICH
TAEING ACCOUNT OF THE SELSCTTY(N TEST SCORBS

Selection Tegts
Otip 4.1, 2L 3.5 B
Group Beiow Dichotomy Point p < .00} .05 > p 5 02 05 -p . -G2 G5 > p 5 02
Group Abovs Dichotomy Point 9> n oy .80 505 p> 30 205 p» 10 R0 wp 5 -10
Total 01>p>.C01 *.10>p>.05  .05>ps5 .02 08> p o .02
Pooled 01> p > 001 01>p>.001° 01> p, 001 0Ly p, 001
Interaction 3> p>» 2 99 p 5 98 .9>p> .98 8> p 5 - 7
] A B e 8 34 (mg 9 34 {TTE) 10 iy i88E) 6 Lo
. B 13 (3% 3 1 {695 P 12 (758) 4 = (89%) 1 gt
3roup Below Bishotomy Point C g (&uh) & 11 (61%) 7 12 (63} 7 1% (&9%) 5 \;S
) 8 (23} 14 9 (43 12 9 {43 12 1} (58; 8 -
Total 68 (e%; 31 - 65 (66E} 33 67 {674} 33 75 {9y R0
A 28185 5 - 32(898) 4 - -32(91) 3 20 (M) &
, B 7 (8 5 19 (868) 3 18 (828) 4 21 (7158) 7 .
Group Above Dichotomy Point € 29 (7&8) 6 17-(778) 5 16 (766) 5 17 (71%) 7 -
o (7% 3 10 (g} 4 10 (67%) - 5 7 (¢%) 8 N
Total 75 (80E} 1% 78 (83%) 16 76 (8%) 17 &5 (708) 28 i,
- . J‘i:"“‘
A 66 (848) 13 68 (84g) 13 66 (84) 13 65 (8g) 12 ‘o
B 30 (™) 8 30 (9%} 8. 30({79%) 8 25 (788) 8 Jgé
Pooled c 28 {3 12 28 (708) 12 28 (708) 12 28 (706} 12 Tpe- 4 1
b a9 (5E) 17 19 (546) 16 19 (53%) 17 18 {53%) 16 S
Total 143 (74) . 50 143 (TAY. 49 .. 143 (7). 50 140 (1E) 4B K
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TABIE 41 (Conts,) - : f

RESULTS OF THE CHI-SQUARED 4TALYSIS OF THE TAOS-PAYL CRITERION
TAKING AGCOUNT OF THE SELECTTOR TEST SCOHES

Seiectiop Tepts ‘ :“
lane - " Graene Dockerayv o g
Group Below Dichotomy Point - 05 > p 54027 01 yp >.001 Ol 2p > 001 x +
Group Above Dichotomy Point ~ 30 > p 5 (05 220 7 p > .10 L0 2 p 7.0 L e
Total _ 055 p 500 - 0lsp >.000 017 p > W00 .
Pooled oLy p oy 001 . pe 001 &« 001 T
interacticn S>> p o> B 95 >p 790 SIC 7 p > <50
V.G, Psss  Fail  Pass  Fell Pass  Fall
A 23 (88%2) 3.0 R0 (87} - 3 22 (928) 2 H
B 8 (8o%) 2. 11(8%m) 2 9 (7% 3 P
Group Below Dichotomy Paint 4] 8 (621) 5 - g {658 4 3 (38%: g B
D L (44k} 5 6-{408) 9 6 {433y &
Total L3 (13) 15 &-(T08) 20 & (6% 1m
A 23 (38%) -3, K4} & b 25 (88%] 3
' B iz (7%_3 B 11 8553 e 1l t?Z%? 1
Group Above Dichotomy Point C 3 (438) 4 3 (508 3 - 9(69%: A
) 9 (692) 4 7 (0% 3 7 (64%) - 4
Total L7 {7y 15 0 sl (81%) 12 50 (81g) 12
2 46 (88%) 6 - 50 (8es) 7 45 (9o} 5
B 20 (77%) 6 (85$‘ i 20 (83%) 4
Pooled C 11 (5%} 9 . 12 (57%) ¢ 12 (57%) 9 ~
D 13 (%) 9 13 (52%) 12 13 (528) 12
Total 90 (758) 30 97 (758) 32 90 (75%% 30



CorpmE, e

Heferring to the interaction chi-squared a.nalynis, the hypothesis that there w
is no difference in incidencc of fajltwre awong high and loy test mcorers case ..;
not be rejected; referring to the partisl correlation apalysis, the lypathe .o
esis that there is no relationahip between *Vigual Effidisncy" and "Flight ;i
Performance” (when the effscts associated with test acore are held constant) . -
cammot be rejectsd,3® However, since while a null hypotbesis can be rejected,

el

. I.lm;
il

e

but can, in gensral, zot be proved, the results of these two analyses aye not " {
necessarily contradiotory. Rather, both merely are inca:;nluhn, '-m - ix

Thess findings do not permit u definitive statement THgarding tbe rpla~ %
tive importance of factors assodbiated with’ *Visusl Efficisncy” and witb eat. _ =
Scores” in connection with passing or failing the flight training courss. 2

Felther the hypothesis that there is no difference in incidence of fallyre _
among "high® and "low® test ocores in the four visusl groups; mor the hypoth- -
esis that there is no relationship between Visual Efficlency and Fass-Fall '
when factors assoolated with test score are partialled cut, can unequivoe
cally be tejected. Ths ovidence with Teference to other oriferion me o
ind{oated differentiszion, attributable to Visuel - in the oase of pere
tain criteria. It cannot confidently be stated that o the Pass-Fail apde
terion this oonclusion should be altered, i.s., that in this case dirtwa‘
in incidencs of failure can be attributed to factors, uwm with it
Scores, rathber than with Visual Efficiency, par. sg.

inoonolusive nature of the results of the two analysep, mwivinq, rllm-
tively, interaction chi-squared and pertial comlatian tagimiques, (uﬂtqr
ences in incidence of failure cannot comfidently be attributed to. ran
proficiency, independent of test score. It may well be that differences. in
incidence of fallure, among membera of the four visual growps, can be: lt'l'-ri

,,
Caa?

buted both to visual doficiency and to related feotors associated with the =~ '
teat scores. P TS Tt
L wwwormme 0 H

The major findings of this 1mn1¢.t16n in’y be m-.j-im as roupgu
1, There is sigilficant varietion .ff nb:oou ¥
the various groups {charsoterized by diffe nneo in viswl efficiency) wh L E
failed to receive licenses. Of the subjeots ian.Group 4, 1% per oent washed .- &
out; of the Group B, mjcot-, 21 per cent; of the Group G, 30 per ocenty- snd- 5
of the Group D, 47 per cent, Of the Qrowp A and B subjeste.comiined, 16,9 ~
poroon't!uho&out uomumaezmmtq:mmcmnw Bt

Jeots combined, this differsnce in proportions being statigtically signifis  Fiw
cant at below tbe .0l level of confidence.. :‘ho d,lrrormn ia propnrtiou

— n—

361'1:- latter interpntation cannot, hqcm:;, be amidpmd aonplotoly
unequivocal. Beoam of the dichotomous ngfure: ‘of . two, of the variables,-
the cosfficient ©f .22 may mot represent. t.ho Mtrye® :.'i'o;l.pt.i.on between .
“Vigual Efficiency” and "Flight Proficlengy.® Furtisvmore, it may be un=
realistic to partial out the effect of teat scorss from the varigble "Visual
Bfficiency,” sinos there is some indication that "Test Soorg" and "Visuad}
Efficiency® may be lnherently rolated, ,
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of washoits when ud;acent grougs are compered, Lh s, Group’A ve. B; B ve. C;

o and C ve. U are nctt significan eprpt with respoc'i. o ‘bhaﬁlgat cou:pu'iuon,
T ali.g'n‘.l..’l’1.¢:ant.l’J eater pr ioh of Group D. thnn Gi’-oup € nu.bject; hnving
. bnn elininsted’ efore comp ating treining. oL .

Ut T
E:I‘é‘_;]‘:l‘_‘ -

3

S sanier 2. Loarniug burvep representing the mean per,fomnde of "members of
- edch Visual Group in terme pf several criterion meagurss at asuccessive
pointl duiing thé training cobrse indlcate that ths performanoce of Groups
‘ A end B is in tg“nl superior at each stage of learning, in terms of these
52 "V msasures, to , performance of Groups C and D. The géreral rapk order. of
; *7 the groups, 4d terms of porfornnnu, is A, B,°C, D, altho thé relative
position of A with reapom to B, and C with rup.ci to Dy 38 somewiat au-
-tﬂ.guoul. ] ' .

wt %, llﬁt!. ib %f varia.nce a from :I.c o%d=
N‘b&ﬂm I:a?lgggt clency mﬁuﬁﬁ ?gi%’é"ﬁ' or 6 ﬁi%

ﬁ*i iﬁ ;:;pcf 'ﬁ:&”fom' vinub.’l groy gg‘ w

o ﬁ-on;ii cant &irfar%n ‘ q'iwé& were avi-
BT ~f %&' mcant“ﬂr P‘?’S’kr‘%n vilua.l
i- ﬁ&w %wé #; :ﬁ Egu p,names
e busl Or Inp%z-ﬂa-m-s' roar two' bf {m #nding ma
‘%}% of-the- Groupe-theCihnsed"” analyae§| Again the genml
*¥rder of t W&é‘ {even far-triteria for which a‘.‘l.gn'iﬂcaht variatiop at~
tﬁh‘bnbh Wistal Croup was hot évident) 18.4;"B,.C, D, although the
rﬂ.ntiv‘e posit of Gréup A with respetct to B; .pg ot Group ¢ with respect
%s somtwhat embiguous, THére fa’ 11t1:1e tmbiguity, hewever, in the

Ty .’r?'I‘f:'H_»."TS" S L

S Y P
- .ﬁ‘ i g

) I_.W

’ ing that' thHs medn performaticés of Groupe 4 and B are are superior to the
- mear performences of Groups C and D,
’ v In Cutulative percen pa, indloating the proportion of sub-

in Jects in esch group exce ng* Bliddespivé scdres on the various oriterion

. measures, dempnstrate, however 't.hat there is considersble overlap in the

gl @ atribitions -6 Griteritn st -Soms members of ‘the'C and D groups exe
. ceed the mesp performance of |ub octn in Groups A,Q,nd B _ In general, howe

dyor, o Y ﬁmmm;-fppqro@,cm opes e TR BT
g g ol TP z;_rr ; 5.

ol npld‘ Y] , .
wel Defew gy M&E of thB" “bF gvekied tn tﬁﬁ“disgrm:tim st ériter-
&l fnlmmru for meaWérs of “the-Cotd viaual grotps) 1t was dedireils to deter-
G “uines whellivr diITivences ipal group. m‘i avtdmt hair 9dly Bubfects
G o m-mﬁ doipleted the sourde were com rdfore, the anal~
A% Yhen-of vari 17 terae of “the’ 13 driteripn’ iﬁuurql wére repoﬁt.qd in terms
il shly of thos! sWhidets who were 1lcensed. The rebults of thise anatyses in-
F . dicata that mben only licensed subjeots are ceasidered;- the mumber of cri-

. terion measures widancing el icnnt veriation in ho zeans of vigual groups
N AW rodiced Trom" i“tb* the' two » ylelaing ‘significance
s - are’ Yoth meaiiies® mrrt&mﬂnoe It “shouild “algosBe nofed that dus
S5 to ‘the: raduetiaﬁ"‘ﬁ‘iho of ‘jubjects available for tHese gnalyses, the
2 pover of ‘the stﬁMi‘nl*tut of 'stguificatite is reduced; whd, ‘thersfore,

PR #dome reduction M €F§ nikber ofu'iterian neasures ‘ﬁcldtng aigntﬁ:aant var-

N

7 f46ion oondld be -éxpected.



.. 6o 4n analysis was made of specifio items on the Ohlg State Flight .
Inventory pertaining to lending, to determine the specifio upoots of pare
formanpse in this maneuver in terms of which members of the various visual.

differed. The results indicate that statistically significant dif

erences are evident with respect to soven of the fourteen items when data
from the entire group are considered, and for four of the fourteen items
when only subjects who sventually were licensed are considered, the per-
formancs of subjects In Groups 4 and B being superior to ths performance of
" subjeots in Groups C and D. In the case of all subjects, and licensed sub-
Jeots only, significant differonces were evi.dont in terms of. the item re-
ferring to the pillot's juﬂmt as to ‘the "utimotary' or 'matisfaatory'
nature of the landing. . I

7. tm‘bngnt. by - ann:tj'uil ofﬁvarianoo of ‘data from five msuraa of
£1light performence derived from the photographic recards- taken during the
cheok flight, indicates that, in tbe case of one memsure, -indicative of per-
formanse during Turns, pignificant varisation in mean scores for visusl ~
groups is evident. 'rhip Finding, -however, spplied only to the Visual Groups=
by-Instrustors analyses in the: treatment of data from sll subjects. When
only aubjoctl who sventually were-licensed are oonsidered, there. is no evi~
dence of spignificant mhtian in visu&l graup mm, in tem of the photo-
graphio datm s , o

8. Lmlyus of 10 aritorion maaauros of performance in ¢thor 1nd1vid-
ual maneuvers indicated thet significant variance, attributable to visual
groups, was evident for four measures (two measures of performance in the
straight climh, one measure perteining to "Stslls,® apd one measure per-
taining to "Take~off®) in the Visual Groups-by-Instructors analyses, and
for the two stall measures in the Visual Groups-by-Classes anelyses. In
thess pzneuvers the perfomnop of subjects in Groups C and D was inferior
to the performence of subjects in Groups A apd B, . ,

9. 4Analysis of d&ta from the last oheok flight, 1mapootivo of the -
hour at which it occurred, ylelded po evidence of statistically significant.
variauon, for the meang;of tha four visusl groups,-in terms.of four meass
ures of flight performange pertaining to Landings, and in terms of the 3 =
major oriterion veriables which versbased on performance, dumirg the last
check £light., The-oriterion measures available. for this sn«lysis, being
besed on a single check £1ight, aro less reliable than those measures
based ad performance throughout the course, and the finding cammot be con=-
sldered ocompleisly unpqniveoaly Hewever, the poseibility: capnot be re-
Jected that the performance of: vipuslly deficiept subjectes, Af given suf-
ficient treining, was relatively eonparablo t-o the mfma of v.’umul
"normals® or “mrnomala- L P 4o

10, Two. typn o:r anelyaoa of tha Pus-!'aj.l criterion d;tg were made -
in an effort to, determine vhether differences: in imoidence of failure,
emong the four visuvel groups, might be attributed te factors aspociated
with the matohipg tests rather;tpan, or in sddition to, vlsugl sfficlency
ROr.o8. The regults-.of theae m;:aoa, involving, reepectively, use of .
the interaction chi-sgnared, and a partial correlation teobnique, were in=
conolusive, . In other words, it could not be snid that factars esacciated with
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test sdcres scdount for-'the Pass-Fail differerices mﬁ.m ‘groups. - On
the otber hand the ‘hypotHenis tHit differsnces in Trcidende of fallure ‘arw :
functions of -factors assocfatéd with test sman(rm han of ﬂauaim
fiolency) damot nnoquh‘oﬁub!; He riject.d. : '; :
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Thi- ima‘b’igation *glieds’ ﬂiddndond:l' Y rﬂa‘timﬁﬂp m Viwﬂ o‘f- :
ficlency and proficlendy In lsarning to' fly @ light airorafts ‘In terds of |
a number-of oriterion neasurés pefteiiring to ¥irivas’ aspedts of pu-orimmy
during flight training, particulsrly in relation to perfodisiice’ in landing
the plane, subjects with viaual deficiency as severe as that charaoteristic
of Groups C and D proved -inferior 0 a stetistiedlly signifidarit degree to
subjects in %A and B, representing men with noimél visfom im both =
eyes, or with ively slight defects cirrfected t6 mormal’ in both eyes, -
Such statistically’ significant inferiority was evident in terms of two
“bessures pertatwing to linding eéen when dnly subjects ‘who pissed the train-
ing course were doneidered, lo?omr, ‘a’ $ignificantly greater propartion of
subjects with hormal visioes, o with slight-defects vorredted to normal inm
both eyes (subjééts in Gieups A’and B) ‘completed: the sourse and' received the
private pilot's license than was the case for men in Groups C amd D, repres:
senting subjeots with relatin],y severs viml defootl (o.g., \moorreotod '
acuity worse thul 20/50) .

J

Int.arpreted broadly, these Lﬁnﬂingt mggut that a man r untatiﬁ
of the gubjeots in this study ssil with .visual defects as mar an- those
charsoterising sabjects of Groups C end D'hes only ebout Suhnnuninmof
successfully cowpleting a course in training-foi the private pilot certifi-
cate (at least with reference to ‘the:gemeral type of plane employed in this
study). A man with normal visudl effieiency has approximately 85 ¢hances
in 10 of © ting such a treining course within a period of 50 hours of
flight training. ¥hen a viptual @efective enrolls for a flight trelning
coures he is meking sn investment under eomiitiona where the probabilities
for & return are much less thex. sre those applying to the ihdividual with
normal, or near wirmel, vieion., Visual defectivés who do'not elimirate
themselves by lask of imtérest, or for otlie¥ Teasons, appeer to have a ~
"good chanoe® of being enuimtod booam “of fu.lurc to uttlpronoio‘my g
Mb

However, the raot that many: of the -u-hd visoal dérootiﬂa were tuf-
ficiently proficient to be granted licenses, 1.e., that lews than balf of-
the Group D subjects, und less than ohe~third of the Group &,luhjcct-,
tually failed the course, should not be overlooked., ' It is alsd significant
in this regard that in terms of the various criterion measurws appreciable
proportions of subjects in the'C and D.groups excesded the average perform-
ance of subjests in Groups A and B; std that hone of the members of Group D
failed the medichl flight test adminiatered, in accondancé with CAA ‘admin-
1strative policy then ourrent, to all appliocmite having the: degres of visual
defeot characteristic of this group. Of sdditional hpom is:- the faot
thet tliere were no sccidents in any of the fout ﬂmmdmﬁcﬂi@t

" “tralning which' totalled over &,000 hours for the entire exporimental program,
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Furthermore, on a mumber of measures, performance of subjects with
marked visusl defecte (members of Oroups € and D)
(irreespective of when it cocurred) was not significently poorer than the
performancse of subjscts in Groupe 4 and B with normsl or nesr normal viaion,
This finding, which suggests that visual defsctives eventually attain a de-
gree of proficiency compsrable to visual normals, cannot however, be com=
pared directly with the findings previously discussed, since the last ahnok
flight measures are based on performance during a single chack flight, and
therefore mnst be oconsidered less relisble. It mey well be that the issue
concerning individual, civilien flight treining for student pilots with
visual defects of the typea represented in Groups C and D carmot be settled
definitively without a follow~up to determine the flight performance of the
anbjggta in each visusl group over a period of years subsequent to licencw

The results of this study also have smplications for flight training
research, The indications of specifio arees in whiah the visually deficient

experience difficulty (e.g., with.respect to particular aspects of the land~ -

ing performance, aa well ag possibly with climbs, take-offs, and stslls)
suggeat the desirabllity of research in the development of instructional
prooedures particularly adapted to the training of visually handicepped
students.

This study wae directed primarily at the problem of individual olvile
jan flight training. The results, however, also have implications for
problems associated with the mass~tralning of large numbers of pilota at
government expense, The definite relationshlip evident for the group as a
whole, between visual efficiency and performence during ths £light training
ocourse, suggests the Importance of visual afficienuy 48 a factor to be con-
sidered in seleoting pilots for g 1 : 3igb : : -,33
It should be emphaslsed, however, that theae analyaes have little bearing ‘
on the apecific point at which elimingtions ehould be made in terms of
visuel efficliency, It is of particuwlar lmportance that nothing in thls
study would support the reJection of all subjects with less than normal
vielon, It will be remembered that for no eriterlon messure were the some~
what visuelly deficlent subjects characteriatic of CGroup B, significantly
poorer in terms of flight performence than were Group A subjeots,

Such a follow-up has been initieted, under the auspices of the Com-
nittee on Aviation Psychology. Although insufficient time has elapzed to
warrant definitive conclusions to be drawn, preliminary results indicate,
for example, a higher pearcentage of licensed pllots lmn Groups C and D as
not having bad #light experience subsequent to licensing than is found for
subjects Iin Groups A and B. o ‘

381t should be noted that the results of this study do not necesserily
regate the findings of earlier studies (sse, for example, (2) and (9)) which
indicated no sipgnificant relationships between measurea of flight profloiemcy
and visual efficlency. The apparent disagreement may be explained by the
fact that in the present investigation the renge of visual efficlency was
large; in many of the previcus studies the rangs of visuel effiziency of sub=
Jects treated has been markedly restricied.

P A
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From the findings and enalyeis presented in this report it seems pos~
aible to recommend that persons with such visual defeots aa cheracterise
subjects in Groups C and Dyseeking training at thelr own expense, bs ac-
cepted as student pllots for the private flight certificate under two con-
ditionss

1, That they be informed that the probability of obtalning a
licenss is lower than for persons with better visual efficiency.

2. That in flight testing such appliocants for certification as .
private pllots, partioular emphasis be given to performanoe on
s Consideration aight well be given to develo an

improved test for administration to visual defectives,

The recommendation also appears warranted that consideration be givcﬁ
to the development of speoimlised training procedures, direcied at those
areas 1n which visual defectives appeared significantly less proficient.

3 1tems from the Ohio State Flight Inventory night well supply a sound
basis for the development of such a test., In its administration the test
should be repeated several times in order that a stable saxple of the sube
ject's landing performance could be obtalned,
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APPENDIX 1
HOTE ON HOMOGENEITY OF VARIANGE
‘Inmuch of the analysis the means of the visual groups have been

the subJect of stativticel analysia. It may also be asked whethsr the
grouph varied significantly in their digpersione. In order to obtain

sn angver to this question, the data on the. mmanéritqim neasures -

vere tested for homogensity of wvariance. DPertlett'sé? tept of hamogen-

eity of variance wan used for this purpose.

The tests of haogeneity of variance vere run four times for each
criterion measure, as follove:

1. Yor the Vigual Groupe-by-Classes rnalyeia for the total group.

2. Yor the Visuml Qroups-by-Instruotors amalyeis for the total group.
3. For the VTisuel JQroups-by-Classes analysia far Lhose subjects who

wore licensed.

L. For the Yisual Groups-by-Instruciors amaiysis rar those aubd jects

who were licensed.

The neture of the tests which were yun cen bo mads cloar by referring
to Figures 3 or 4. The sums of sguares and degress of freedom, within cellas,
wero camputed, and added for esch column. The columm veriances so computed -
wore tested for homogeneity of variance by Bartlett'’s test. In effect, it
is tha averege within oa].ln variance for &8 column t,hnt. in toatod for hamo-

goneity.

Thess tosts heve two purpoass. “'ret, a’' e hosogenaity of variance
o a prerequisite for the validity of the analyses of varimnce previously
presented, they will indicate whether this prerequisite has been fulfilled-
Second, tho question of whether the visual groups diffor significently in

thelr disperaicna im of interest in itmelf.

Table 32 presents the regults of the tests of homogensity Tor the var-
ious enalyses which have Dsen run on the thirteen criterion measurea. The

upper portion of the table ahows the p-values obtained for all cases for
vhich the anelyses of vardance wers run, for both the Viaual Groupe-by-

Instructors amalyses and tha Visual Groups-by-Classes anslyses. The lower
portion of the table shows the results of corresponding amlyses for only

“Vgnedecor, G. W. Statistical methods (kth Bliticm). Ames, Towa:
Iowa Btate College Preas, 196, pp. 2:5-252.

"‘]'It. ¥ill be noted that this method of testing for hamogeneity of var-
iance assumes that there is hamogeneity of variance emong the cells within

a oolumn.
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those ceisa who received licenses. [xam!matiom of thias table shows that in
avery ipatence there ty Inaufficlent resson to re,jwrt the hypotheais of
oqual variances amwng ths visuAl groups.

Simiiarly, ¥ith reference ¢ ihe dats Proht’ thé *Potadrasnic' records
which wers subjected to mnalyais ‘of varlance, ‘the’ ‘hypothesia of ‘equal vari-
abllity bstwesn: é?mn could ndtTBe re Jected. The Tweults of the applica-
tion of Bartldtt*s teat 'br-thésd daba, both for &ll &u’ﬁ.jectm and for :
1icenaed subjests 6n}y, are pmw& 14 ’Eﬁh}e 33¢
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TABLE 32

RESITLTS OF TESTS OF LOROCENETTY OF VARIARCE OF ¥VISUAL GRl UP“ % CRITERION EELEURES
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RESULTS OF TESTS OF HOMOGENEITY OF VARIARCE OF VISUAL GROUPS OFN PEOTOGRAPHIC DATA f
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MANUAL OF VISUAL TESTS FOR QUALIFICATION AND CLASSIFICATION
OF CARDIDATES FOR THE VISUAL STUDY
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APPENLX 3

MANUAL OF V1SUAL fESTS FCR QUALIFICATION AKD CLASSIFICATION

OF CANDIDATES FOR THE VISUAL STURY

SEITION ¥ = INTRODZETZION

The tests are deaignsd to select and classify 3ix types of sandidates
referred %o as 4, B, €, D, D, al D2 tyres who have sartain spacifis and
general visusl gual!fications .

Spasifis Qualificatlions of the 4, B, T, Ds; Do, and Dy types

Group G,

oD Faa

s et =

Group_n &G

Greup Dgr

Unatded vision of 20/20 or beiter in easch eye with high
asuity of atereopsis and a refrastive srror under sysle- .
plegis of leas than 0,50 D, of myopia in any meridian,
1.50 D, of hypsropia in any meridien and 1.00 D. of astig-
matiom.

Unaided vision of 20/50 or worse in sach aye oorrected with
forward glasses to 20/20 or batter in esch ey®, with a bigh
souity of stereopsis corregted { 3 om. st 6 meters) and a
rafractive srror under cycloplegia of leas than 3,00 D. in
any peridian, less than 2,00 Do of astlgmetism and less
than 2,00 D, of difference beiwesn any parallel meridisns
in the twc eyes,

Unaided vision of 20/100 or worse in eadsh eys, correoted
with fcrward glasses tc ZC/350 or betier in each eye, with
a corresponding aculiy of stereopsis (10 om. at & meters)
and a refrastive ayrov under wraloplegle sxceeding 4 A D
ir. say Doridisn,

sl ¢ove sorrectible to 20,20 witk u vefrastive error leas
then 3,00 2. in any seridien and less than 2.00 D, of
aavi matime: the other eys unoorrscted 20/10C or worse
wetd serrestible Lo /%0, or having bsen removed at lasst
5 yeers prior t3 applisation for flight training,

Same as Dy exuept that the capdidats must also bs a
squinter

2 10°% ar gragtes horisontal tropia with less than 10° of
sariioal tropia and with emah sye correstible te 20/20 with
a refraztive arpar less than 3,00 Do in any maridian and
leas than 2.00 D. &f astigmatiem,
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Phorias at 6 meters not axcesding 7 prism diopters of esophoria,
7 prian diopters of exophoria, and 1.5 priam dlopters of hyper-
phoria,

Prism divergence at & meters squalling or exceeding the exlsting
amount of esophoria,

Phorias at 33 osntineters, not exceeding 7 prian diopters of
uophorin, p:riu dioptars of exophoria, and 1.5 priesm diopters

-

Prisn divergencs :t 33 mthot.orn of at least 14 prism diopters.

Prisz convergence at 33 centimeters equaling or exceeding the
existing exophoria.

Absenoe of any paralytio motor disturbance in the aix oardinal
positicns ot gase,

The ability to resd fluently et 50 centimeters, without additional
lenses, type representing 20/40 of the Snsllen systenm.

Satisfactory interprétation (not more than 3 mistakes) of tha
Amerioan Optical Company’s sompilation of pseudo-isochromstio
platen (abridged edition, 19 plates). (In case of fzilure, re-
examine with SAM Color Threshold Lantern.) (A score of 35 1:
I‘liq!ﬁ.r.ﬂol

Swperior or satisfaetory night visual efficiency as tested with the
AAP School of Aviation Medioins Fortable Kight Vision Tester; and
Aerc Medical Laboretory RHight Vision Tuster, ,

Absents of any ocular disesse, aotive or likely to be ectivated or
to become progressive during the period of flight training.

Absence of significent (greater than 15 degrees of are) contraction
of the isopter for m 3/300 white target.

Absence of any pathologic sootoma within 25° of the point of fixa»
tion, and of scotoma greater than 10° (in any direction) and
absolute for 3/300 white target whioh is situsted outside the 25°
airole,

General Visual Requirements for Types Dy and D2

Applicants in O:roup E are requirud to meet only 6, 7, 8, 9i010, 11,

Requirements 6 and 12 apply only to the good eye; applios

to both eyes; and 7, B, and 9 are administered without oooudi.ng one eye
although the performance 1s dependent on one sye.



Genaral Visual Requiremsnts for Type Dy

Applicants in Group D3 are required to meet only 6, 7, 8, 9, 10, 11
and 12. Requirements 6, 10, 11, lmmupﬂ;tomhqo; 7, 8,&:&9
are sdministered without occluling ons eye although the performance f{»
deperdent on one eye, i.e., elther aye, vhichever h;ppuns to be fixing
at the moment. Lo r»«

Organization of Tweting Procedure b

The tests are organicsd into four separste batteries referred to as:

1. Preliminary Clagsification Tests.

2. Ophthalmologloal Examination.

Een e A ]
“5&«?’}“’#’5 ik Pt

3. Visual Acuity Test. S
L. BSpecial Qualification Tests. = Hé—g
. K BT . ' B
The tests have Deeit airrangoa. 80 thAl G Fodh & & person definitely Tagt
falls to qualify for ane of ths four u;}or groups, he is.dlemiesed, Dut in ‘éfi
overy case ths notice of dlamissal Is given by the Director of the Flight S
Training Project, and the perecha ccmd\ﬁtfhg the tests Bmply subnit repaopts ““.—?3',*
to the Director. e oo Li?:
' . : L
The Referral for- @-AP"_P}%EM..M.- S
‘The Director df the Flight TrefHTHE Progbot muthorizes - givan 1=
cant a8 ready for the visual teate, mé him to the persdn in ¢ SN
of the Preliminary Teasts. He recorda im Eo:a. 7 the name of the & ;licant _‘-;":;;
and the date of Which he refers KX foY' the Ppeliminary Tests. He reteinsm . %
Form I in hie offfce. If it is obvious ta thé Director that the applicant .= ..

L
[,

kas only one eys, he w queetion the applicant as to the date of removal, a
and 1T the period since removal is lssythan five years, he nay Adisxias o
the applicant without submitting him to any actual tests.

SECTION YT ‘ -

E

- PRELIMIBARY mmmcmm

The testa are to be conducted by an mlbt.a.nt under' Dr. Fry‘s supar-
vision in Roam 202, Mendenhall ‘.a'born‘tw ’

If the perscn conducting the tests ﬁiadmm th.nt one eye-is removed, =
bafore making any teets he mugt detorminé if' tho eye was removed more t.han CE
five years prior to the date of the test. 1If the one aye has been removed - ,};
loas than five years, the appiicant is !mmediately referrsd back to the =

—-—
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Director, end tho finding is reacorded on Fore IT which is signad and sent
to the Director. If one are has besn remcved more than [live years, this
fact 18 recordst on Torm 11 and he goee ahead with the meacuremont of un-
alded vision in the gool sys  The examiner should ohtain whataver substan-
tiating evidencr thei e can that the eye wae ramoved more than five years
pravious o the application.

A preiiminary classificaticn tept which is & peasgure of unaided vision
ig made with the apparatus describsd ir Attachment I an eech eye or on the
good oye 1f one har been removed more then fivs yesrs. Firat the right opae
ig tested for unzided vision with the Iaft eye cecluled and & similar pro-
cedure i1s followed for ths left eye. The resuits are iscorded cn Form IT.

If 1t 13 not obvious vy cesual obessrvatlicn thet ond eye has bean reXmoved
and if the first indication that ore oye has been removed 16 that the aculty
in cne eye cannol bo measured, the rasrson in charge of the test must deter-
mine by direct questioning if and vhen thoe one eye was removed and thie in-
formetion muat bs recorded on Form II.

I{ he finde that the one eyo bap beon removed lema thsn Tilve yoors, he
atopa the test and recorda thie fact on Form IT and refers the applicant
back to the Dirsctor and sudmiie Form II to the Director. 1¥ hs finds that
the one ays wap .caicved prlior to five yozow oafore the test, he proceedsa
vith the weasurasent of wuneid:d riefon in ths geocd eye 1§ this 2as not al-
ready been coxplocad.

A teat of wgulnt 18 glven end if s cgolnt ia Found, the cblective angle
»f soulnt {e measured The resulis zre recomloed aon Fow I7.

The caniidaia is then vaferred bhack tc the Director of the Flizht Tralin-
ing Project, to thom Fore IT iz aliso submitted.

SRITTON IIY

FPRLUATICN OF LATS OBTALNED TR TdE PRELIMIHARY
CTATSIFICATTOR ARD QUALIFICATION TESTS

If ono aye heg bean ramoved less thay #ivd Jears priocr Lo thy date of
avaluation, the DMroctor of the ¥ligat Treinlng Projeot imredlstely disg-
quallfies the cootidate, and rewcrds this fact and the rescon for 17 on
Formt 1. Fe aleo notifiss the cendidata.

If sae aprlicant sas b wmorciest egudut of WY o ovsr fa borizontal
direction and lees than 107 4n whe veriicel Alrectlon, he iz classified
sither as & possiblo Dz ov = yosailbla Do type. I vhe sauint is leas than
10° in both dirsctions; ho & clraplfled 23 » poseibls Up typs auly.

I the carridate i3 nov & scuinter, the Dlrestor snelrres ths uvinided
vialon date and sYuesilier th: coodidals ¢lbuer as dlscwallfied or o A
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possible cendidels for one or more of the groups to db used iA the project. Ky
He records the resulte of his analysis on Form T by using cbeck marks to T
indicate the veriucus possidbie claseificatione in tue column merked "thailded &=
Vision." T g

kg
. .:‘P-{?Q
The clessification mey bo mmde on the fcllowing btaais: %?’%’
The candidete 1s disqualified if his unsided vislon for cne eye is g»
better than 20/50 and the rating for the cther live between 20/20 and 20/100. S
The candidate 13 a poseibls A type 1f he showe an unalded vislion of (
20/20 or better In each eyes. vy
1; PR
N
The caniidate is a poseible B type If he geta 20/50 or worse in each e
eye. - i
, il
He 18 a posaible T typa if he gets 2G/100 or worse in each eye. gﬁ
He 18 & possibls Iy type if he gets 20/100 or worse in une eye or has ;
¢gns2 eye removed regerdiess of what he gets in the other. %2
These classifications are 1llustrated graphically in Figure 1 which 5
ney be used for moking the clessification. The point representing the e Ta
ocorzs immediately determines the wpoasible classification. : j{f
If the candidate 1s & squinter, *he unaided rvisica test cannot dis- ;E?
qualify any candidate for the D3 grous, but ke misi mest the requiraments . g
for vision uncorrected for the In grouy to be classified as a poesible Do .
type.
I' ' | H
j POSSIBLE - POSSIELE FOSSIBLE .~
Dy B OR Dy B, C, OR Dy . " i¢s
100 Semarae
A Y i = ‘»\;
\ \ \ POSSIBLE POSSIBLE
B BORD e
1 ¥
0.D. 50 -\ \ by
Disqualified AN s
N\ » \ h S
20 ] . iR,
N . POSSIBLE e
POSSIBLE ‘ . . 5y IR
N\ ! Lo
A { o
e e i —
20 50 100 g
'i*‘uf?
0.8, N
J;Lr-_;
FIGURE 1 e
L
PRELIMINARY CTASSIFICATLION OF NON-SQUINTERS BASED ON VISTAL e
ACUITY UNCORRECTED. THE WUMBERS REPRESENT THE :
DENOMINATCORS OF THE SKELLEN FheCTION. *

o,
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The mmtor ‘d1emiisnes ‘the candidate 1f he 18 & non-squinter and ta
diaqualified on the bedls of unaided vioion and indicates the dismiagal
and the reason for it on the bottom of Form I.

The Director also dismigees the candidate if he 1s ﬁ. squinter of leas
than 10° in a vertical or a horizontal direction and if he fells to meet
the unaided vision aspecifications for Group Dp.

If the candidate on the basis of the tests for squint apd unaided
vision can be classified as a usable type for the project, the Director
refers him for the ophthalmological examination end records on Form I the
date on which the referral ie made. He also writes the preliminary clas-
aification in the bax in the upper right hand corner of Form III and aends
Form III to the ophthalmologlst.

SECTION IV

OPHTEAIMOLOGICAL, EXAMINATION

] Thie examination ie to be conducted by an ophthalwmologist for the pur-
poss of:

1. Determining the unaided visual aculty of each sys of the
applicant. 0

2. Measuring the refractive error in each eye umier cycloplegia.
The oycloplegia should be induced by at least two installations
of 4 per cent homatropine hydrohromide, 10 minutes apart.

FCERT
e el

3. Determining, by cyocloplegic and poat-cycloplegic test, the cor-

*::_;«* ' recting forward lenses for applicants whose unaided viston 18
Rany leas than 20/20 in one or eash sye and vho have worn correcting
S lenses for at least six months prior to application for flight

training.

s 4. Approving, in the case of such applicants, the glasaes worn by
oL them or preecribling new ones, if a change seems lndicated and
PR the difference betveen the two Rx ia not tuv» great.

5. Determining, with a set-up to be decided by the Committee {pee
Attachment III), the viaual aculty of each eye obtained through the
the new and old corrections.

6. Determining the presence or absence of the following:

4. Ooular dinoase, active or likely to be activated or to
become progressive during the perlod of flight training.

b. Paralytic motor disturbance.
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o. Contraction, greeter than 15° of arc of tho moptar, for
a 3/330 vhite target.

4. A pathological scotomm within 25° of the point of fixation
and any scotoma greater than 10° in any direction end absolute
for a 3/330 white terget situated outside the 25° (radius)
circle.

It 1s proposed thet an ophthslmologist dc the testing at Mendenhall
Labaratory. A booth will be assigned for this purpose. There will bo
availables practically any type of skiascope, also practically amy type of
hand ophthalmoscope, a B & L Binocular ophthalmoscope, a hand slip lamp,
a Forree-Rand Porimetor, and a B & L tangent gcresen and a projector.

It 1s proposed that the cophthelmologist mee each cendidate twice. . The
skiascope test and examination of the fundus under cycloplegise are made on
the first day. The cycloplegie should ba induced by at least two inetalla-
tions of 4 per cent homatropine hydrobromide 10 minutes apert. A poet oycle-

Plegic examination can be made on the sscond day for crrors of refraction end

a final determination of the new correction, and msagurementa of the aculty

for the separats ayes with no correction and with the now and old corrections.

The remaining tests and oboervationa mey be made on either of the two days
at the convenience and discretion of the ophthalmologist.

Candidates in Clase A do not need to be submitcved to the post cyclo-
Plegic examination, and cne visit tc the ophthalmelogist mnould sulffice.

The test for paralytic motor dZsturbeancs should be coalucted in the
Tollowlng nanner;

The examine:r 1s seated one metor from a screen on which sultable fixe-
tion targets have been placed in the eix cardinal positions of gaze, 50
centimsters eccentrically. By meang of a chin-rest, the examinee’s heald is

fixzed in a strelght position, oppoaite the center of the soreen. ¥While the -

examines loocke intently first at the center of the screen ani then at the
eccentric targeta (ane after the cther) the examiner obasrves and neutral-
izes with a rotary prism the reccovery movement which occurs upon removel
of & sultable occluder held firet over the right and then the left oyeo.
Roocovery movements oxceeding aignificantly the phoriss or their physiolog-
ical variations within the field of fization ars to be considered as ovi-
dence of a paralytic motor dieturbance.

The procedure for measuring vieuval ascuity is described in Attechment I.

Form IJI {a supply of which may be kept on hand by tha ophthalmologist)
mey be used foar recording the ophathalmological findings. Perimetric and
scotometric graphs are provided on the back side of thls form for recording
and analyzing the perimetric and scotometric data.

In recording the skiascope findings, the plus cylinder form of sphero-
¢ylinder should be usod to facilitate the subsequent analysis of the data.
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If the vld Rz Je satiefactcory, & astatsment to this effest may te
written in the gpace provided for the new Ar. ’

If tke 5ld Ry was not worn Tor sir monthe prior to the examination

“or if ths change in the Rx requirad is largo, the ophthalmologilst may at

his own discretion disgqualify the candidate and iadicate thla fact in the
aprropriste agnars ot the bottam of Form IYI. The reverse &pplies to A
type apolicaats  If such epplicarts have been wearing glesses during
the cix nonths period prior to the examinatiloa, the ophthalmologiet may
at his ova diecretion disqualify the candidate.

If and as soon as the ophthalmologlst diacovera ccular dlseass, active
or likely to ba activated or becoms progressive during the period of flight
training, he cartifies this fact by placing a check wark in the appropriate

. Bquare or squared Iln the summmery of findings at the bottom of page 1 of

Form ITI and dlmponses with the rest of the examination. Form IIT 1z signed
and sent to the Director of Flight Treining Project, and the candidate is
reforred back to the Diroctor of the Fligh: Training Project for further in-
struction.

If the ogl:ithaluolicglal discovers no evidence of pathology whizh is ac-
tive or L1k4ly to bo activated or become propressive during the period of
flight trajning, he Ic1is+e through with the complete examination enl 1e-
cords the Tindings on Morm ITI walch as signe apd submits to the Director
of the Fright Training Project. He alac refers the caniidate back to the
Director of the Flight Training Project for further instruction.

Ee also writes and eigns the pregeription on Form IV which he submits

to the Director along with Form IIT. If the old glasees arg satipfactory,

he writes a statensent Lo thies effsct in the space provided for the old Rx
on Form IV. If the examinee showa 20/20 or batter in each eye without
glaasaa 1A and scme D3 candidates), the ophthalmologist writes "Glasses not
to be used" in tha apaco provided for thoe iixr ¢ca Worm IV. The seame applies
to D] and T2 cendidates if vision cannot be improved in the poor eye with
glapsas, or il the one eye is blind or removed.

SECTIOR V
E7ALUATION OF THE OPHTHALMOLOGICAL DATA

. Form i 18 used Hy the Direotor of the Flight T:m.ining Program 1o svalu-
ating the ophthalmolsgical data.

Flgure 2 may be uzed in manslyzing the skiaccoplic findings for the right
amd left oyes. The finding for sach sye will be recordéed as & cambination
of A plue or & minus spheres and a Hlus cylinder. Hence, thz findingse for
each eye can te plotted on the graph. Tie graph may be uped, therefore, to
determine tho degrae (I, 1T, ITI, or IV, of refractive error in sach eye.
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Td4 OFI0 STATE URIVERSITY

VISUAL TEITING CHEITER FOP FLIGET TRAINIRG

PR i
Ny .méé’;,f,,f;

Hane . U
Date;
x 1
Hphere Cylinger Axls :
0. D. :
0. 8. .
FON DISTARCE VISIOR ONLY
Datn: - K
Opnthalmoiogist -k

L T T T Y S O At

This sz 12 ncet to be Filled untll the candidats in
ceriifisd below as approved Tor flight treining.

Thig Rx mey be £illed in sny gpuitable freme or aounting
&t the 51 Optical Dispenosary or by any dizpensing

mmmmmmm

optioian but must by checked and sypproved by tha 037

Optical Dispenanry. If the oii Sx is proenounced astis-
Tactory by the orbthalmslogiet, the glasses do not have
to bs chscked and approved by the (8Y Optical Dispensary .

APPROVAL OF CANDIDATE:

They ebove nemad candidate
haa heen approved fop
flight training.

Director of Fiight
Treining

Pate:

At

This form le to be ept by the candidate &nd shown on demand ae evidence

o
e

AFPROVAL OF QLAOSES:

The glaases pubmitted
by the =bove namsd
capiidates conform to
the asbove o ard are
properiy dosigaed, con-
gtructed and adjusted.

05T Optical Dispen~
saYy

Duate:

that he is fuifilliing the requircuents relative to the wearing of gloezes.
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The degree of rofractive error under cycloplegia is recorded in the space .
providsd on Form TII.

One cen than determine the poasible cla,araii‘iea.tlons fov- each candidste . : -
from the grark in Figure 3 or the one in Figure 4. :

The posaibility of a B ¢lapuification 15 eliminated 1f there is & A
grester than 2.00 D. difference between Lhe refiractive srrors ln any par- CE
allel peir of meridians in the two eyee. -

Ths pogaible clamsifications arrived at ch the basis of the cycloplegicj _

findings ere irdiczated on Form I in the cclumn marked "Skisecope.” - L,
The cardidste may be disqualified not only on the basie of the ratino- i
soopic fimdinga, but also if he fails to qualify consistently as & given H
type on the basis of both the skiamscope {irdings and the unaided vieion. . v k
On the basls of the other ophathalmological data, the candidate may te - ¥;
disqualified for sny of the following resscns: Coo T
- :?‘-'g::

1. Preeence of diseape in either aye. i

5

2. Contrection of field or scotoma in either eye if A, B, ¢, or Dy H;«

type; or in better sye, If 1n Cleas by or Claps DE‘

3. Glaeags worn Quring the pericd prior to testa do net conform to ] E
roquirexeats, S 1«
L. Paralytic motor dleturbance. LR

1f the candidete has to be dipouwalified on the basis of the ophthalmo- -~ = . -

logical data, the candidate is notified to thiv effsct. The word "Disguali- et
fied” is marked in the appropriaitv sgace ¢n Form I and the resson For vk T
disqualification 1e indicated at the bottom of form I. ﬁ
If the candidate remains qualified forr one of the usable groupa, sxd o us»

if the ophthalmologist has prescribed that glasees must be worn for the e
flight trainlng, he 18 referred for the Double Broken Ring Visual Acuity ’;
Teot whick 18 to be teker with the prescribed lensee. The date cf referral |
is recorded 1n FPorm I. PR RR N
S

In ths meantime, Form IV im sent o the verson in charge of the ccuity f
tegt. Form V ie alaoc sant along, and the praliminary claselfication is P

noted in the 3jece provided at the urper right hasd corner.

If the ophthalmcloglst has proscribed that glasses arse not to he worn
during the flight treining, it is not necessary for the visual acuity is be
retested and tho deta obtainsd without a Bx sre used s a substitube for L
acufty date with Rx. CoeT
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SECTICN (1
DOUBLE BROKEE RING TEST FPOR VISUAL ACUITY WITH Rz

The Rx i copled fram Form IV to Torm V. rorm IV will have baen ament
to the sxaminer by the Director of the Flight Treining ProJect. The test
1la carried ocut in a derk room with the apparatus dsscribad ir Attachment I.

The old habitually used glasses are worn if these arc approved by the
ophthalmologist for B, C, Dy, D2, D3 typea. When a new RXx has been pre-
scribed, trial lenses are used. '

The results are recorded on Form V which, vhen comploted, is migned
and sant to the Director of the Flight Training Project. The candidate
is also pent to the Director for further instructions. Form IV is also
returned to the Director of the Flight Training Project.

SECTION VII

EVALUATION OF DATA OBTAIKED TN THZ DOUBLE BROKEN RING TEST
POR VISUAL ACUITY WITH Rxbl

FMgure 5 shows the dbasis for clesgification in the case of non-
squinters.

1. The candidate is disqualified if his aculty with the Rx is worse
than 20/50 1n either ays or hae had either sye removed, and if
the mcuity with the Rr in the other 1s worse than 20/20.

2. Be ia a possidble Dy type if his aculty corrected ls worse than
20/50 in either eye {or is dlind in one eye or has olther eye
removed ) and if the acuity is 20/20 or better in the other.

3. Ho is a possible C type if his acuity correctsd is 20/50 or bastter
in sach aye,

4, Ho is a possible A, B, or C type if his aculty is 20/20 or better
in each oye. .

Figure 6 shows the besie for classification of squinter.

1. The candidate is a possible D3 type if he obtains 20720 with Rz
in each eye. : '

ul'v'isun.l acuity corrected” represents the acuity obtained with the
glasses which are tc be worn during flight tralning or the equivalent in
the form of trial lenses. In the case of A, Dy, Do, and D3 type candidates
who are not required to wear glasses, "vrisual soulty corrected” literally
meoang visual acuity without glasnes.
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FIGURE 5

CLASSIFICATION OF FON-DUUINTERS., THE N(MBERS REPRESENT
DENOMINATORS OF THE SKRELLEN FRACTIONW.
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The cendidate in a possible D2 type if his acnity corrected ia
worse than 20/50 in either oye, and if the acuity corrected is
20/20 or hetter in the other eye.

F

3. Otherviee, he is disqualified.

The Director of the Fiight Training Project refers to Form I and re-
cords the clessification in the column marksd ™Acuity with Rx."

He may be dipgquelified on tha besis of the "Aculty with Rx" score
along or 1f he fails t¢ clasalfy conelgtently as a glven type on the basls
of acuity corrected, acuity uncorrected, end the akiascope findings.

Be may claspify as a Dy type, but still may be disgqualified 1f he doea
not have the following combinations of characteristics for the good and the

"poor eye. The good eye whioh iz correctible "o 20/20, must have a refrac-
tive error less then 3.00 in any meridian, erd less than 2.00 of astligmatiem.

The other oye must Le vemoved or show 20/100 or worse uncorrected and muat
nat be cerrectidble to 20/50.

I# the Director hes to dlsqualify the candidate, he marked the word
“Disqualified” in the space provided on Form I and, also, he checks the
reascn for the diasquslification et the bottom of Form I.

1f the candidate remaine qualifiled for one of the uaeble groups, he

‘113 teferred for the gpecial quelitying tessts. The date of referral 1s

recorded on Form I. In the meantime, Form IV 1s sent to the person in
charge and Form VI ie also sont a2long with the Fioal clagaification noted
in the apace provided at the upper right herd corne:r.

SECTION vIIl

BATTERY OF SPECTAL QUALIFICATION TESTS

This battery inclules a number of special "pass or feil” qualifying
teats which apply alike to all groups, end a test Ffor stersopsis ino which
the stendards differ for the different groups. Thoae tesls Include the

following:
1. Night vision
2. lLateral Phorle at Diataace
3. Verticel FPhoria at Distance
4. Priem Divergence at Diatance;

5. lIateral Phorla at Near
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FORM VI
BATTERY OF SPECIAL YISUAL QUALIFYTNG TESTS
Rame Date
Re: 0. Do
0, 8,
P. D. Candidate fox troe
Eveluation |
Pasp - V
Score Fall - X

1. Night viesion

2 »__laterel Fhoria at 6 Meters

3., Vertical Phorie at 6 Meters

4. Ppriem Divergence aiv O Meters !
2. ilateral Phoria et 33 Cm. l

6. Verticml Phoria &t 33 Cm. 1

7. Priem Convergence atv 33 Cm. i

8. Prigm Divergence et 33 Cm. L

9. Near Point iculty ol
1G. Central Color A. G. Co. Plates
- _Vieion SAM Cclor Threshold. Teats
1l. Stersopsle — ,L e
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Yarticel ‘Phori‘a ar Hear
Prigm Convergencs at Near
riam Divergence at Near
Neer Polnt Acuity

Color Biimdness

Stsreopais

The Rx i copled from Form IV to Form VI. Form IV will have been ment
to the sxaminer by the Director of the Flight Training Project.

The teants are carried out as describsd below by mn assistant under Dr.
Fry's direction. The results are recorded on Form VI, wvhich vhen completed
is plgned and ment along with Form IV to the Director of the Fiight Training

The candidate i &lao ment to the Director for further Instructiona.

In each test the old habitually used glasses are to be worn if they have
been approved as satisfactory by the ophthalmologiet for B, C, D), Do, and D3

When a nevw Bx has been preacribed, trial lenses are usad.

No glasases at all are worn I1f the candldete is in the A cleasification
and may not be necessary im the Dy, D2, and D3 clageifications if this is
Judged to bes the cass by the ophthalmologiat.

I3, Do, and D3 type candidates are not required to teke the speclal tests
from 2 through 8, and are not required to take the steren test.

{1} Night Vieion

The teat 13 made with the Redium Plaque Night Vision Tester in a totally

dary room.

for thirty minutes.

before the test.

The examinee must be dark adapted before takting the test.
accaxplished sither by having him it in complete darkness or wear red goggles
A short discusslon of the nature of night vision and an
explanation of scanning and other techniques of seeing at night should be given
The necessity of locking "off center,” i.e., either above,
below or to the sides in order to see at night must be smphasized over and over.
Allow somo practlice in thsas methods belors the actusl test begins.

The teat is given &t five, soven, nine, and eleven feet, reapectively.
Tasse distances are conveniently meesured ty a cord looped at one end to go
around the examines’s neck aml Imotted at appropriate dlstances.

This may be
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A presentation consists of exposing the plaque to the subject with
the break in the circle in one of four poaitions (left, right, up or down)
for no laonger than ten seconds. If the positiom of the break is not called
by the subject in thie time, the trial is counted 2s an error. A ranlom
order of orientations should bo used. A subject muet name four out of the
first four positions corrsctly to be considered as meeing the plaque at any
given dilastance. If cne or more of the first four presentations is missed,
it ia neceasary to give ten pressntations at that distance. The exmmines
then passes mly if he can see sight out of ten.

The greatost distance at which the character ie correctly Judged four
out of four or eight out of ten is recorded as the score.

{2 and 3) The Maddox Rod Screen Tent at 6 Meters
Tor lateral and Vertical Fhoria

a. Apparatus - A phorometer trial frame equipped with a pair of
mltiple vhite Maddoz rods and & pair of Risley Rotary prisms, a blank card

about 6 x 9 cm., which serves as a screen, and a blank card about 13 x 20 cm.,

with & 3 cm. hole in 1ts center, and & apotlight 1 cm. in diameter, 6 m.
from the spectecle plane.

b. Procsdure - Before beginning the test, the examinee‘s fixing

sye is determined. For this purpose, the 13 x 20 cm. card ip esmplayed. The

examines seated, facing the spotlight € metars awey, graspa the card by the
long sides with both handa. Wwhile looking intently at the light, he slowly
raises the card at arm’s length and loceates the light through the hols with-
out closing eithsr eye. Only cne eye can pes the light through the hole,

and the eye aslected for this purpose is the one used habituslly for aight-

The phorometer trial frame is now properly leveled and adjusted clowe.y
in front of the examinme's eyes. (ne of the multiple Maddox rods is gwung
into position before the non-fixing eye. A rotary prisz is placed before
the same eye. The sighting or fixing sys must have an unobstructed view of
the apotlight. For the messurement of esophoria or exophoria, the Hsddox
rod ie adjustod before the non-sighting eye to give & vertical line of light.
The rotary prism is adjusted aleo before the non-asighting eye for the meas-
urepent of lateral deviation end set 4 or 5 priam diopters off the zerc mark.
This gives enough deflectlon at the reading to detect an examines vho has
been coached to say the line passes through the light.

The 6 * 9 cm. card 18 moved from one sye to tho other a few times to
ascertain if tho examines sees both the line and the light. If the line ia

not seon readily, the Mnddox rod ie readjusted by centering it carefully in
froat of the pupil.

¥hen the exaaines secee the line with cne eye end the light with the
other, the examinar holds ths card Or ecreen in front af the non-fixing eye
to shut out the image of the line, The examinee now seos only the light.
After he has fixed 1t for soveral seconds, the acreen is remove( for an in-
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phan, i quickly repircad I Ghew bvi-~P Satavwal, ibe smetdese will ba
nbla Lo gas the lins snd Todata 14 1n rafevancs o the 1lzht. afler ons
or Lve msuch sxpooures, be g1l pay that e Line i ¢ the rigbt or left
CF Crn Light or porsibily Lhroagh 15, o Is jnsutusted to grsap She milled
kgad “hiet rotetss the priar and tuo~y 11 o bring the line directly into
the light, To sunbls alw 12 do this, tun Acresn ip remsved from the ays
at intervals azd gquickly replsced. TFinally the examines w111 have rotehwi
the priaz snongh te cavse tne 1llng ko pass througd the !ight every time
tho gsureen 13 removed. The nuwtber of prigm dicpters nescepsary to do thie
is read from ihe achle »f the rotery prisu. This ie entered on the rocord
aa esophorie if the prlem iz base out, and sxophorsia 1 the prism is bass
in. For the mesauroment of hypasrphoria, the Maddoz rod befors the non-
Tixirg eoya ia readjusted t< give ® horizondtal line of light. The rotary
priem is also resdusted befors the mame gye to meansure vertical devlation.
The poresn Lg ussd axuctly as before to give an occaslional glimpae of the
line. The numher of priam dicptera read from the scale 18 recorded ag
right hyporphoria 17 the pricm ‘s tase doun befora {he rlakt eys, or hnes
up baf'ors the left. It is recorded as left hyperphoria if the peiem is
bage up hofare “ha right eys or base down before the left. In testing for
hycorphoria, tho Htevena' freme, wilch is uormally a pert of +he phorometor
mschanien, should te ussd insteed of the lsige priems. The S%evems® frans
attacmtent 15 camposed of waalar prisme walch are calivrated in tenths o?
a dlopiuer and., thorsfors, vermity more aciuie readings for pypertvhoria.

c. Turgtagtions - Madiox rod end whe msamming prigm are uded
always tagetner before the ncn-Flring eye znd neyer befure tha fixing eye.
The test givas en inuccurate result 1f the araminas 1s paimitied to see thoe,
line for a longer time than 1s nllowed by the momentamiy Flzsh sxposurss
dsscribed aboTs.

4} Polam Divergeue at 6 Mebore

Trigu divergorcea Lz tc Do mezoured wuser the same condilions as thoe
ceatrel aculty. For the priem divargencs at & meters, an aprotyps slightly
larger than ths mmsllest recognized by the examlnee, 13 projecisd onto the
scraen. The phenumenon of 1lplopla is demcustrated to “ho srzninaee by
putting 25 prism diopters Tags in over ons of hisz eyea. The iattur prism
ie thon replaced by a rotary vrism in horizontal pogition sol the amount of
prism bass in 18 incraased at a reie of 2 prism dioptere per second until
diplopla occura. This breeX point is copsidured ag & messure of prien di-
VOrgents.

The vherls “arger consiphg of v biack rerd 12 ¢ 12 iAncles with a pin-
roint oponing at ite cenler which hmas & bBright Light Leriud 1%,

the inter-scaiay anjuvabtment of the phorometer trial frane is ad jusued
for convergence at 33 oa. fram the spectacise plane.
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Tha same procedure 18 followed es in the cage of the distance phoria
test for measuring the lateral and vertical phorias.

{7 and 8) Prism Convergence and Divergence at 33 cm.

The same apperatus is used for these t9sts as for the phoria at 33 om.
except that & target with & Snellen E at the center subtending & visual arc
of 10 minutes at the center of the emtrance pupil 1s substituted for tha
phoria target. The two rotary prisms are ad justed into position with the
base apex lines horizontal and starting from the rero setting of each priam,
base cut power is increased simultaneously in sach of the two prisms at a
rate of one priam diopter per second till diplopis ococcurs, and the combined
powers of the two rotary prisms represent the prism convergence.

The same prccedurs ie followed with prism base in 4o measure prism
divergence.

{9) Aculty at 50 cm.

A target la mounted at 50 cm. with a row of optotype {3nellen letters)
subtending an angle of 10 minutea at the entrance puplile (Magnification of
correcting lonses ignared).

1f the subject reads all letters, he passea; othorwise, he falls.

{10) Color Vision

The Americen Optical Company ‘e Pseudo-iscohromatic Flates (abridged
Edition - 19 plates) are mounted 50 cm. from the oyse, perpemdicular to the
medien line, under illumination provided by a 60 watt daylight lamp 100 cm.
away and above with the light incident 2t an sngle of epproximately %50 at
the cesnter of the plates. -

The platea are axposed two a2t a time in crier.
The same arrangemsni is vasd as for tasting aculty at near.
The nmumber of misser is recorded and 1if more thnn three, the subject

mst be sxamined through the use of the AAF School cf Aviation Medicine

Color Threshold Iantern. A scores of less than 35 on this tast 1a regarded
ag a falluroe.

e m— "

''ne target conaists of & pair of &" vartical bars, 23" high and sepa-
rated by a distence of 2&" {from center to center), mounted at the center of
2 whits ecraen 22" in diameter, which is located at a dlstance of 5 meters.
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FIGIWRE 7

STIMULUS PATTENE FOR STRREC TEST



The space between the bars is cut out as sauwn by the dotted lines in Fig-
ure 7. The opening is illuminatod with white light the same brightness es
the screen and appoars contimious with 1t above and beluw, the border being -
invigible or at mcat, barely vieible. :

A third bar of the same size which is an asrial optical imege i5 seen
between the two bars on tho screen and is capable of being moved in a fore
and aft direction along the median line, without suffering 2 change in
angular sire at the entrance pupils. This fore and aft movement is ypro-
duced dy tho subject who turns & lmob whickh gives no ¢lue as to the actual
position of the image.

In making & setting the middle bar is set ot a canslderadble dlatance
behind the screon, 20 to 50 cm., and the subject takes hold of the knob
and turns it t1]ll the three bars appear in the same plane. He is instruc-
ted to "brecket” the middle bar back and forth and then make a final aetting
with the fina)l movement forward. Ee then takes his hand off the knob and
the cperator sets the middle bar 20 to 50 cm. in froat of the screen and the
aub Ject usss a similar procedure to meke the bars appear aligned except that
the fima)l movement 1s backward. Five such pairs of readings are made and
the ten errora are averaged. An average error greater than 30 mm. disquali-
fies an A or B candidate and an average srror greater than 100 mm. disquall--
fies & C type candidats.

SECTION VIII
EVALUATICH CF DATA FROM THE SPECIAL QUALIFYIRG TESTS .
1. Right Vision: If the target 1s ™ot visible at 5 ft." the subject

fells; if the task can bo performed st 5 ft. or at
a groater distance, the subject passes.

2 and 3. FPhoria at An eso or exc greater than T or a hyperphoris greater

Distance: than 1.5 priem dioptera disqualifiea.

4. Priem Diver- If esophoria is present, the prism divergeance must
gence at oM. : equal or exceed it for the aubject to pass. ’

5 apd 6. Phoria at An oao groater than 7 or an exo greater than l& or

33 cm.: hyperphoria gresater then 1.5 dlsqualifies the subject.

7. Prism con-
vergence at
I3 com.: less than existing exophoria disqualifies.

8. Prism Diver-

gence at
33 om.: Lees then 14 disqualifies.

9. Visual Acuity Failure to read 10 minute letters at 50 cm. dim-
at, Near: gqualifies.
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10, Cential: Color A seois lsne then 39 o the 3a¥ Unlor Uireshold
Viglon: Tantere lest dlaqualifiea. I the subject missan
fawer then three of the fmsricen Opticel Compary
platey, az guelifiop and doew nol hmve to take
the JAM Teni..

1l. Sterecpsic: if the sublect 1z #n A or B typs, he must meke an
everage errcy amaller than 30 mm. to pass. If the
aub ject ia a { type candidate, he must have an
avermgs error rieilar than 100 mn. to pess.

Il the cendidate fells zny of the special gqualifying testa which he is
required to take, he ig disqualifisd and ths Director notifies the candidate
to this affsct. He alac msrke the word "iisqualified”™ 1n the space providad
cn Forw T and indicsten the rseaon for the disqualification st the bottom of
¥orm I

if tho candiidete f8.lla into a given ueable clsssification on the besls
of wisual aculty corrected sz wall as on the basie of unalded viplon and
cysloplsgle findings, and pasass all of fhe syeclal qualifying tesis that
ke io requlred to teke, the Tirector notifies the candldats Lo this effect
and ceortifiss qualification and clasaification in the appropriate apace on
Forg 1

When tho ceniidate hee been approved for fiight btraining, the Director
heeg to certify the clapaliffcetion o Foym IV.

If he 13 1n Clapa A, the Dractor =igna the caortificaticn of claseifil-
cation on Form IV and givea Form IV to the candidate. If he 1a in Clase B,
S, or D, the Director certifies the clespification on Form IV and gives
this form to tao cendiéeta ard lnstructs him on how to get the Ry filled.

Form IV ie tc ba kept by the candidaie to be showm on dsmand ms avidenco
thet he 15 Mifilling the resquirsments relative t¢ the wearing of glaseen.
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ATTACEMENT I £
AFPARATUS FOR TESTING VISUAL ACUTITY =~ @

o~
The test 12 carried cut in a dark room with the target conslafirg oF o
e double broken ring at the center of a white lield 39 in &imotarﬁ“’aw“‘-" T

rounded by & dsrk fizld. P “ ’ :}
The candidate is seated with his hesd held steailly by mcans of & e

chin and forehesd rest. Lens holders are provided for mounting and center-
ing the correcting lenses befors his eyes (when lensss ara neceasary).
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The shutter device for exposing the targst ia such that the central 1°
portion of the fleld may be presented as a uniform vhilte fisld continucus
with the peripheral portion, or as a white fisld also continuons with ths
periphery but conteaining at its center the double brokan ring target with
the breaks arranged up and right, or right and down, or down and left, or
lsft and up as sot by the operator prior to the erposure, and almo with the

slze of the broken ring set for any of meveral slrzes by the operstor priocr =~ . e
to the sxposure. :

o,
AR
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The scals ussd in setting the sizes of the target is calibrated in terms
of the distapnce st which the outside diameter of the ring would subtend Iive

minutes of arc. The width of the ring and the nize of the gape 1s 1/5 of
the onteide dlameter of the ring.
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The aubject is glven & preliminary view of a disgram of the optotype o
which 1s large enough for sany but = blind eye to cee and the four orlente- oy
tione of the target are explained. )

A

e

Be is then placed in positlon for ohservation and the oporstor starts
off with contimuous sxposurs and with the optotype sst for minimum size.
The aize 18 incromasd until the gubjesi {who Lip been so instructed) re*
ports that he can ges the breaks.
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The operator terminates the exposure, asets the optotype at the nesr-
et oven J on the size scals, sxplains the next procedure to the subject,
and atarts a series of 10 exposures of 5 seconds sach with Iintervwals botween -
sxposures long enough to check the anawer and reset the optotype at mandas
to another orientation. The orposwres are pade by hand and are timed by
counting slowly 1001, 1002, 1003, 1008, 1005. At the emd of 10 exposures,
the number of correct answers is counted and recorded on Form V. If the
number of correct answsrs vas less than 6 out of 10, tho size of the iar-
got 18 increased 5 ft. and the procedure ropssted; i7 moro than & out of
10, the size of tho target is decreased 5 £%. This procodure ia continued
wntil two pointe are found on the scale 5 F£i. apart which will yisid tise
one mors than € apd the other less than &, or the one exaotly © and the
other more or less than 6. The final acuity reting !s arrived at by inter-

polation, to determine the spproximate point at ¥bich eix anevers cut af .
1% would be correct.
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