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A

.fnile the regulis of this study hnd been availabla to the Navy for sq ,
Uz A
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EDITORIAL FOREWORD T 1

The Pensacola 3tudy, summarized in thie report.l symboliges, to some f
extent, the renascenmce of the military application of aviatlon peychology %
during World War II, Rasearch in this area had coms virtually to a stand- S
still in the United States at the olose of the last war, except for scattered B
studies condusted in the main by flight surgeons looated at Randolph Field R
and elsewhere.” Progress, as is suggested in a recent reference to post-
war psychologlosl research_on sslection in the United 3tates Havy, was "slow, o
laborious, and wncertain."3 R

By 1941, however, when the United States entered the war, a well organ-
iged program of recearch wis under way which, through the Pensacola Study
and other investigations, hud produced test material and ariterion data
utilised directly in the formulation of Navy standapds for the selsotion Cos
of pllots and indirectly in the organizatlon of other military gselectiin R
proosdures. Y

This development is largely iracsable to the support given to paygho-
logical resesarch in aviation sinsce 1939 by the Civil Asropautice Authority
(1gter the Civil Aerommutics Administration). Through the efforts of its N
Pirestor of Reasaroh, Dean R. Brimhall, a sum was set asids for psychologioal

research in the selection and training of civilian aireraft pllots, This - = i
fund, inoreased as the Civilian Pllot Training Program expanded, was allo~ . . . .. LAy
oated to the National Research Council for use by the Committes on Selection . .:
and Training of Civilian Alrorafé Filots in planning and supervising reesarch oA

on the human aspeots of aviation,

The original program of repearch was centered on pereonnel problems in
sivilian flying. However, & yeer and a half before Fearl Harbor, in the sum~

mer of 1940, the functlons of this Natlional Regearch Gounoil Committee on R
Selsotion and Training of alrcraft Pilots were sxpanded, with the consent .
of the Civil Aeronautics Administration, to inclwude military as well se civi- SR

 liap aviation.? Thism concern for the military aspects of oivilian aviation i

= _

Jomtted from the sumsary is the investigation of biographical items as pre-
dictors. Beer Johnson, H. M, the actuml sntial ue of bio 1 .

{m_i! of predigtl nCCO ropautical ¢ Washington, - -
D, Cus C.A.A. Airman Developmant Division, Report Ko. 32, Augus . )

2Prapared by the Mational Rezesrah Counoil Corxxlitoe on felaction and Train- o=
Ang of .Airoraft Pilots. Ap higiorieal intredutlon o Aviatisa Peychology. Wash-
ingbon, D, C,s C.A,A. Division of Research, Report No. 4, October 1342, pp. 57=58,

. 3Psychologloal tests made part of initial aviation physical examirmtion. - .

Aviation Bupplement, BuMed News lLetier, Ravy Department, Vol. 2, No. 13, Juns s
23, 1944, p. 5. y - '

#The name of the Committeo was accordingly obanged to Cormittee on Seloo-
tion and Training of Adrcraft Pllotsa,

L
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led to the inmitiation of tho Pensacola Study, condusted under the auspices of
the Commlittes in dlreot cooperation with the Bureau of Aeromautiocs of the
Inlted Staten Navy. '

The history and major findings of this study” are susmarized in the pre-
sent report, The purpuose of this sumeary report is merely to present a dep-
oription of the experimsntal procedure, the paychologisel and physicloglsal
tests and measures used, and the populations smployed in the iavestigation.
Oaly auch general gtatietiosl data ap are necesgsary for &n avaluation of
these lastrumenta a3 predictors of filight sucoses are diacussed. The report
gerves ag a vacktrouad for othor reperis on the Pensagola Stuly whioh prasent
tha detalled atatistical treatment applied to various 1:1&171&1%1 appects of
this study. Spveral of these reports 'mve alrsady been isauwsd® and others
ere in the process of preparation,

The reader of this report will quickly becows awars of the fact that the
investlization was exploratory in character. The etudy was designed to provide
for the applicsticn of a wide variaty of physiological and peychologloal meag-
urea with a view of gudokly arriving at thogs desmed promlaling for fubure ro-
ssarch. Under the clroumstances, it iz not surprising thal many of the re=-
eults with respact %o individusl items are inconolmwive in character. This
is partloularly true of the phyeiologiocal tests; whers the wnreliabillity of
the tachniques employsd made irmpoassible a final und definitive investigation
of fzeir validity. HMany of the other reaulls ars negeative, even though the
nriginal measures ware reliabls, Such nogalive fiadingza have, however, played
& mnpgt useful role in preventing the use without velldutlon of tests and meas-
uros which, in spite of face validity, prove not to predlet success in loarning
%o fly. Together wiin such ingconclusive ani negativo findings are many positive
firdings on the wmlus of pradictors whioh Yave pointsd the way to major develop-
mants 1a the selection and clasgsifliscaiion of plleto.

Thoro were many dafects and diffiouliiee in the Fenaacola Study. For ex-
le, the investigation was limited b; the faat that all cadeta employed in the

SExcept for tho investigation of bilographical iteme as predictors,

6Fcrose, Alexandsr and Davle, ilallowell, Electrosencephalosgraphy of Naval
Axistorp. Washington, D, C.t C.&.A, Dlvision of Reeearch, Report Wo. 13, Apr
19‘*3. i

Franzen, Raymond and Blains, Louisa. Zyaluation 3f respiratory swapures
1 11 1o Woshington, D. Gt Cehoie Division of Regearch,

_ Reporl; No, 25’ Janm 19440

Jomon‘ H. uo MO

McFarland, R. A. and Channell, R, C, A revisad aerial reaction time %f.
paratug for use in appraiging flying aptitude. Washingion, D. Get' C.d.he Adr=

per Devolopment Division, Report Ho. 34, September 1944.

MoFarland, R, 4, and Chamnnell, R. G, A_reyised two-hand coordination test.
Waghington, D. Car C.A.Ac Alrran Development Division, Report No. 36, Ootobsr

1944,
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study had succesafully eomplstad 1C hours of flight training. The findipgs of '~ .
this atudy therefore do not furnish oonslusive evidence &3 to the efficlency
of the tosts when administered bofore flighi iraining ie¢ started. Furtherware, = “71i
modioal exsminationa wdminigtered &t the time of spplication for flight trein- SRR
ing (end repeat examinutions during the first ten hours of tralning) resulted ‘
in a sample that wes highly selocied in terma of modical etendards with, poa- .=
wibly, a resulteni desrszse in the apparent sffectivenses of the phyniologlsal - 7
massures. Finaliy, there wsre cortaln changwp in tho test procedures end in .~ -
the educetlonal backgreund of the rnadets betwaen ths sarlier and later phases ' S

of the study, eo that thoe iwo phases ara not strictly comparsbis. S
In splte of such defeots the Peusacola Study, together with parallel Gee Lifj
studles, had imwediats ard weful outcomen. As sarly es Pebruary, 1941, 1t -~ %

waa poseible for a represeuniative of tha U. S, Navy to writes 7 i

“The resulte of the ressurches gonducted thua far by the group at Pen-
saocla and by other mambers of the Committed are so promising that we
have remscn to expesi a mushk betfer solection of our students within a
very short time. This will oconatitute s very comatructive sontributioer -
ta the national deferwe. It im the judgment of soveral of ua that a- -
ohievemsatos thue far axeeed those of tho past 25 years in this ﬂold,,"T .

4 few monthe efter this wes writitor, ait the amual mseting of tho Divi- .
sion of Anthropology and Peychology, Netlonel Research Council, helid in April, o
1941, Dr, 5. G, Jenkins, then Dirsctor of Regsarch of the Committee on Selec~.
“tion and Trailning of Alrcrafi Pllots, wms able to furnish epeoific svidonoe T
on the lmmsdiate usefulress to ths military asrvlees of the findings of the
Pengaocole Study and allled inveatigationa.

L )
""[_'&" Jop v

"last summer a stalf ¢f 15 men from our progrsd went to the Naval Air Sta-
tion at Perwacola for a period of imlermlve raaearch on a battery of as~ -
lective testa, At least a okelston force bas bsen maintalned there ever | -
sfrice. 1in addition %o this, represemtatives of the Comedties have worked .-
on a half-dozen speolal prolesta for the Bureau of Asronautics. Two tesis -
developad by the Committes lave alreoady been adopted for routine use in
all primary Navsl Alr Basss. Four or five others will be adopted as soon
as a field verification at primary dasse can tsat preliminary results ob- -
tained at Pongacola. Ons membar of the Committee has engagsd in an ax-
tonded program of analyzing amd welghting biographioal and test data
available at Pensacola a.gd the results of this analysis will soon be
ready for mllitary use.*

In addition to euch posltive Iindings, perbaps limited in extent, the Pen-
sacola 3tudy also played a valusbls role, in the ressargh program of the Com=
mittee an Selection and Training of Adreraft Pllota, in underlining the need
for improved orlteria; in pointing the wey toward the further investigation of L
physioal and physiological measures; in revealing the poesibility of blographi- - -

-

TQuoted from report of J. . Jenkirs, Director of Repearch, Committes on g
Seleotion and Training of Alroraft Filots, Divislon of Anthropology and Psyoho= <h
logy, National Reaesrch Counell, Annual Meeting of ths Division, 1941, Appendix -
u' pg 40

BIvid.
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- oal ‘Ltems ao ;;Mfwcruf and in direoting attontion toward other areas re-

quiring detalled inveatigation.

Apart from expsrimentsl finlings, the Pennacola Btudy, az 18 pointed

out in the report by Dr. J, G. Jonkins to whioh reference nas been imde,

had & most valumble outoome in the establishment, or & dasis of mutuml re~
spest, of a day~towday lialeon with the psrsonnel of the Bureau of Aeronsu-
tice and of the Buresu of Madinine and Surgery of the U. 8. Navy. From this
has emsrgzed a pattern of ocollsborative sffort botween the military and the
oivilisn persomel of thge Commitiee on Selection amt Tralning of Alrorafi
Pilotu thet has made possibls the moet effective use in both military and
olvilian eviation of resoarch oonducted under ths avspices of the Committoe

on Selection and Tralning of Alroraft Pilote.
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Thig reyport orevider &a 2.9r-.nl swesmsy ¢7 an sxplarstory iaveatigae
tion of the velue of payeholc foal mad zhyslnelogisal terdsn in the pradictica
of 3107688 it T2vol eviAiion cudsd iredning. T la baged upcn dats udlsdred
frem July, 1960 ba bey, 131 whon uaval avastion eadets in alagges 147 %o 38
at the Maval Alr .todion, Voracoll, Florldaywere zivwon & large vattery of
paycnelogical and physlolonicsi touls end Lhe Leosh reanits soupursed with
later susuea® an tre Araining Jrogam, in LOINS sf papsing or fSuiling the
2liznt course and anpesramo Lnfers the Compendani "e Boardc

The Lesting prapre insluded tne foiluwing typag of mocasurcol (1} reptsl
ability, mechanicel wptiiuie, wnd athletls poticvements (2) paychowotos eblil-
itieng L} visual parsephiscans (4} motabslisn ad yesplraileny (51 rrgeisal
fitneses {(06) elaciiveardiciTums, T38pLNAs L0 atertis, ciroulatory refloxesy
{7} elestrosnsenicioguy) and {38) body uiid,

Tha etudy was Aividsd inte f%0 parts and who roguits Yroatsd separately.
Part I subleste core formed of olagsee 147152 and Fard Ilsubjects cf cluncen
1521568, This divislesn waec rads oince {1} tha two groupe differed in eduvok~
tional baokgrowd, and {2} the oxpsrinental asndltiong wsre not exaotly o=
parable for the two grougs: -

A more detailod astatisilcal analysis o7 tla toais wiil bo prozonued in
subsaquent vsports. This svumesry repert prosmbe svor-all flndings wita Te-
gpost to the batlory as a whole and o iydavitual beste. In gensrel, the
£61lowing tentative conslusions say be driwm Mo the resuliss

1. The pegcholapgisal Logta ae a g00D a4 Prarensiated tha successful
pilots from the poor pilois fwasheuts and bhonrd appsarundes) with e greates
degros of efflsieacy t¢han did ios physiclosieal teste. Tn botk Part I and
Purt I the 4esic of rreatent studflcance werd (g} Utls Test of Hantel AbIYe
ity, tb} Bye-Band Goordination Taot, {e) Poo-tand Soordimation Tos%s ()
Magrburn Sorial sotdlon Tesd,

2. Thae physiologlonl Sonts, in genoral, ®ove nol guaacesful in dlifer-
entisting he gocd Trom tiw posr pileda. seveyal, howover, approached ad-
captable lavels of prediaiivo ol wpd fisanes 3207 odisntly elose to werract
farther iovestisstion, ssposisily 12 tholr seliabliily wore incraaged LY
A of repested reaaures. '

The results of this iuvestigation phsuld bs interprated in the light of
the faot that it was deelined ss an sxploraiory study. In additlon, the
subjects ware pra=selected, in that their 1nitial peleation as aviatlon ok=
dots ineluded & rather severs medical sxamination and in that, prior €0
entering Pensacola, they had survived 10 nours of preliminary flight treine
ing. The populaiisn, therafors, does not include the mejorlty of waghoute
since they were climinated duringz this preliminary flight training.
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TH: PENSACOLA SPUDY OF NAVAL AVIATORS
TINAL SIBSIARY REFORT

IRIROLACTION

When world affsirs pointed toward an approaching rapid sxpansiorn in -
the pilot tralning programs of the milifary services, the Natlonal Reassrch
Coungll Commitiee on Selaotion znd Training cf Alrerafd Pilots direoted its
attention towmrd rcsearch on the gelsction of military ss well an olvilian
pllota. The Pansascla Study, deecribed in this report, representa an of- - .
fort in this direstion undertaken in close ccoperation with the U. 3. Hary.

Althoughi there had been attaupie duricz and after Gorld War I 4¢ develsp
solsotion tests for airoreft pilotling, therse wsg little in the wey of well+ = -
validated tost tochriquos avaiisble in 1949 when tho nosd for pre~selecting
plleot traineos ao as e roduce aitrition rate becanme urgent. Isclated stud-
1as had been made with single teoots {or ammll battorias) measuring various

Tgensory, intellectunl, paychomotor, and emotional charaeieristics, but en

oxtensive purvey stuly waus needed in order to explore the possible predic- C
tive walue of tosie reprosentative of thope developed during the expansiea - . &
of imdustzial and educational toeating in the 1920's and 1930'n=1 :g‘”

The Pensacola Study, conducted at the Naval Alr Station, Pensavols, b :%
Florida, vas undsrtaken with thie s51d in view. In this study & series of e
paycshological and physiolngioal tosts wns edministered to & large nusbor = j

of naval aviatlon cadets in an sttempt to identify teste which would bs of g8
valus in predioting sucsecs 4in the pilot itralining program. i

It waa recognized, when the siudy started, that sgudjects undergolng flight
training at the Naval Alr Station were pre-selected, in that they had besn re~ :
quired to pmss a rather gevere medioal examinsticn and had, in additicn;, sure
vived a 1O0=hour flight traininm couree, inoluding zolo flight, at ellitnetion
bases before being sont to Pensaosle., Howover, the praotical coneiderntlon
of the avallabllity of larze groups of subjeots who oould be submitted to
tonts under sonticlled oonditions warraated the usc of the cadets as sub~
Jeoin.

Laboratory equipment was elthor purshsased oi reuated for the duration of

the study, spevimiised personnsl enlisted from eeveral universitise, and & Lol e
nurber of ressrvs offlcers ealled tv aotive quty to form the research staff. : ;4,4
A dbuilding wae asesl@wd at the MNaval Atr 3tation for use as ths exporimental A

laboratory., The laboratory wag fully equipped during June, 1940, In addi- "?i;l

tion, a nunber of iaboratory aspistants sad Lospital sorpemen were aaslgned
to the project from the dispensary st the steiion. The testing progrem be-
gon with Class 147 during the third week of July, 1940 and tegting continued
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trodustion ke aviation psyghology. Washington, Ds caa"_
Codody Divipion of Rosesrch, Report No. 4; October, 1942,
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for apsroximately ons yoar, urb il Hay, 1941,

SUBJECTS

The experimental baliory of tesis was administered to all of the income

7 ing cadetn and officers in oach ¢lass at Penascola during the psriod from. -

July 16 te Septerber 20, 1340 (olassea 14T through 151). Twalve cadats and
officers wers studisd eech day during their growund school period mnd before

- their flight 4raeinodng, The data oollsetsd duriug this period have bean

treated soparatoly and ere desigmied throughout this report zs Part I,

Boasuss of the small numbsr of washouta in this group it was desided to
ertond the study. From Qotodber 1 4o Desceanber 15, 1940, a representative samp-
ling surmpriasing abovt one fifith of sach ipcoming clasg wmg tosted (olasseos 152
through 159), Durlag this poriod only five subjects oould be studied esch day
beeausa of the reduction in the gize of ths research stnff, From Jamary 1 to
Hey 15, 1941, only itheee cadets who appearsd befors tha Commandant‘'s Advisory
Board Sook the fests {Glasses 160 through 185). The data obtained sfter Sep=
taiber, 1940 are desimmated as Part IX.,

- Thepe two parts of the study have been troated separately booause tha two
populations were not corparable in all reapects. It bas also bean shown ithat
they d1ffsr statistlioally. Thia differencs may be partially explained by
the following considerstions: The suhjscis in Part I, for instance, included
85 offigers from ths U. S. Ravel Acadamy who had recenily been oommiasionedt
a8 insigna, The oadets in Part I were c¢olloge pradusbtes, however, and since

" beth eadeta and officers had the sams amouni of flight training before their
" entrance at Pensacolz, thay wara troated as one greup. Pard 11 subjscta ine

eludod a oonsiderabls number cf men assigned to Fensasoela from the Fleet with
only high school diploms, and macy sthers in Part II had only two years of
@olleme. Becauses the sudbjeots in Part Il iwd lesy soademle training than -
thoge in Part I, 1t wes felt that the differencas in education might be an
important variadle in tha’ they had had Jesy experierncs in taking testes and
sxndinations of this natwre. Finally, there were certaln differences in

the experiswntal prosedure in the two parta of ths atudy due to a redus-

tion in the Research 3tzaff and to othor fnotors discusssd more fully below
under axperimsntal proesdures.

.Besides the differencssn 1n the experimoatal groups the limitation mbre
tioned in the Introduotion muat be kapt in mind throughout the interprota-
tion of tha results, narmely, that all of the subjcota in both paris of the
study bad had 10 hours of previous dunl fiipght Ainstruction and had soload
bofore entoring Pensacola Naveld Alr Station for furthor training, The
early waghoute are, therefore, not inoluded in the experimental population.

A group of 83 imstructors at the Naval Alr Station were also given the

" togte 8o as to obtain norns for pilots known to be succeasful., Their avar=

age age was 27 years, and they had an averase of 1,500 hours of flying.
Tatle 1 ehows the total mugber of aviwtion csdets, officers, and instructors
¥ took the tests at Pengaoola. '
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abroad, industvial golection resesarch, end preliminary studles msde at Har-
vard Univeraity and oitner universitles just previsus to the Penswoola Study.

A number of measui'es were ineluded, such as elactrocardiogramy and metnbo-
lizm, not primarily as tests related to £light suseefs,; but with the view of -
atudying apecific abnormalitios whloh might te somnidered as diaqmlifyiug

in terms of “a priord™ medical otondardn.

A brief deseription of eaoch test sslacted for use in the exparimenial
vuttery ia glven Lelow,

The Maszahological Tests

i, Interview = Parsonal apd Hedlosl Figtory

in interview and guuationmairs relatirg to personal and medical hlatory
ard ether items wore glven to each oade} st the laboratory. The ltems in the
quastionnaire rslated to (1) ramily history; (2) persomal and medloal h:l.story,
r4h apasial refevendo o adcidonts, iliressen, and nutritional habite; {3)
anvironmental inf{lvences; (4) aducationy and (5) vooational and u.eronnut:\nl
ivterestas. & phyainim wont over the apswors and interviewed each oadet rele.
ative 4o the most olgnificant olinloal dzta such ae the major illnesses, lm
ay oonsciousnama from acoidents, dlet, and vocational interests, eapes
aviaslon.2 A sample of the form with a swxrary tebulation is shown in Ap- i
asadiz A, This fera includos all of ths revisiono,

IT. Raper-and-tonuil Tapie Civen in a Group

Montal Abilitv {(Otis Hichur Dramdnation - Form D)c Thia is a test of
raneral inteliipence containinmg 75 questions. Each student was allowed 20
miautes {or the toet. A hich soore on this tost indicatee superlor perform-
ands, The author reporte & rellabllity ceefflclent of .92 for thg teet,

1 Aptituda (Minnegota Paper Forin B m),"‘ {Revised seriss AA,)
“nle test involver the psirsopiiscn of form relations end iz supposed to be

prodictive of machaniscal aptitudo. A high score indicatse wuperior perform-
anc@. The Buthore raport s roliability cosffisient of .85 for the test.

2Edstor’s Hotge It must Lo noted that these *signifivant ciinical data”
have nevar beer valldated in the flicht sisumtiom snd that the physleian's
interview itsell is of gquoewtiomable rellabtillity.

30448, 9. ke Mppuml of iirestions. New Yorik: World Bock Compmny, 1922, =

Apatterwon, U. o, Elliett, R. &, aAndorson, R., Toops, H. Ae, Ho';l.@ﬂdor,
i. Minnogots meghanlcal abilliy tests, Ninneepolic, Minnesotas The Univer-
ity of imnesota Press, 1930, p. 31C.

Juaska, W, Ko, and Idker:i, R. The revisod Kinnscota paper form board s
tost. g, Eduo, Peyehol., 1939, 20, 197-204. s
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TABLE 1 }
NOMBER OF CADZTS, OFFICERS, 4HD INSTRUCTORS TESTED AT PEFSACCGLA ' =
Biard Ap-
DORTANGE 3 o
who wers L
Bart  Clagsop Dates fpsted Total Zaghoutg rotained i
Gadets & Officeras ’ .
1 147-151 July 15 to gept. 20, 40 390 5o 34
1 152=165 Ogt. 1,40 4o May 15,°41 529 1255 %
Ingtructors: July 15 to Sepb. 20, 4 83 - - -
Total 1,002 . 150 30 e

*Total number of Washouts includes 16 who 1sf% st their -
oz requést or for reasors othor then aptituda, o

#Total number of Washouts irsludes 23 whe left at thelr
own requeat or for reescons obthor than aptituds.

DESORIFTION GF THE TASTE DPLOYERD

Bo Job aualysis desoriptive_of ithe oharactoristles requirsd in guccesge~
ful plloting was awveilable as & gulde ir tho nelaction of an appropriate test T
battery. Relowut lnformation was oblained by examdning the "£lichi Jasketa®
of a group of Pongacala oadeis whe hod proviocusly felled end besn "washed out."
Theae flight jackets lmoluded corments from fiight ingtructors ep to the cause
of the cadet's fellurs, &meng ths wore common cavpes of fatlure coesurring i
these somments weres

1. "He was emotionally unstable,"

2. "Ho wam tenge and ummbles to relax,”

3. "He had poor gocrdimatior and could not handlo the controls
accurately znd smoothly . ”

4, "He was unabls to poroslve dlstames roowrabely,”

5s "He had poor Judgment,™

6, "He was unable to think ir Aiffioult oituations,"

7. "He lacked polse, military bearing, o tha ability %c ocopmand.”

Such statements augnested that the cauases of fallure wers numoreus and
that no single tost could be expanied to eliminate all of theose who mdght
fall, It vwas hoped, howaver, that tho admlnistration of au extensive bat~
tory of teats, wvarled in natuwre, might revsal those witr sufficlent prodic-
tivo efficlency to warrant furthsr, mors intensive vellidation. A purvey
was thue mede of whet zsemwed o bo promising teste on the besis of VWorld
War I axporlenss, pilot selectlion avudiezs gince that 4imes both hero and

Yl
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io schigvement (Thorndike-Kellpy). This test cuntains 42 ques- = -
tions relating to proficiency inm warious athlstic events sand to manual dex-
terity and coordination. A higher socore indloates superior performance. -
A emzple form 1s shown 4in Appendix b,

-11X.. Psyshomotor ar Coordimation Tests given Individually

Coor io Tostos This ipstrumsnt is desigmwd to measure . ,_"%
motor doxterliy and =zbility to soordioate the syes and hands.. A pointer,
oontrolled by the subject, is to be kept opposlte a second polnter con-
trollad by an irregular oam {ges Fig. 1), The ocumulatlive amount of devia-
tion wade by the subjent while attempting to follow the woving pointer i3
recorded automatically. There are four different patterns on the cam whioh
regulate the movenents of the pointer. The test is essentlally a motor-
learning task aince improvement 1 ohown in repeated trials. Eight suo- A
oesbive trials waro given in order to analyse the rapldity and askill with : B
which g subjoect ahowved improvemant, as well ag to give a reliambls total o ]
soore.® The soore, the mean of & trials, measures the amount of displase- S
ment, A low ecore indlcatss supericr porforwance. LA

PRI T

[

Two-Hand Coordimotion Test. This test, sonstructed oz the prineiple of
a lathe, involves the rotation of two hendles which control the movement of
a diso (ses Mg, 2). The handlees must be tumed elmultansously in differ- .
ont directiona in order to keep {wo politers togother. One of those dises
is aotmmted in an irregular mamner by s cam., The esaentlal psychologival
prineiple 1pvolwss ths ocapetition of simulbancous stimuli; 1l.e., atiending

o

t0 two different aots or movementn at the same time. Tho finmal score was . 3;
based on & mean of four trielis, A low apore indloates superior performxnae.’
Serial Aokion A tug.b The sapparatua roughly similates r;*

the stiok and ruddor movemsnte involved in flying (sse Figs. 3 and 4}, The o
subject reacte to a sontinuous peries cf rod lighiu om the instrument panel. %
SFarmer, E,, Chumbers, E. 3., and Xirk, ¥, J. Tegte for accident pronc- :
%qu Madical Research Counoil. Aeport No. 68. Londons His Maj). Stat. -7
£ay 1933 S5
6in a study subeequent %o tus Pensacols project a test-retest correla- L

tion of .71 was obtained on a group of 89 Civilima Pilot Tralnlng studenis -
in the Boston area, uweing a revissd form of the togt, Sea: Wantwan, M. J. .
Report on reecarch asctivities. November 14, 1942. (Copy in GCommittee files.) 2

TIn aubsequont studies using a revized form of the Two-Hand Coordination
Toat, irter~trial sorrolations ranpging from .30 to .74, and teat-retesi cor- o
relations of .75 and .50 on two zamplea, were obtaired., Seer MoFarland, R.A. oL
and Channell, 2.C. . reyissd twe~hond svcordinstiopn fegh.* CaAsd, Alrman
Developaent Division, Heport Io. 36y Ogtober 1544, v

Saghburn, N, C. Mashburn putomatic seriml aotion apparatus for deteat- =
ing flying sptituds. J, Aviation Med., 1934, 5, 155=160. Ibid, 1934, 54 7
145-154..

Tl
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The respopses sre msde by movemends of ths et of contrale operated by the
hande and feet. A soon &s the sublect has mde a sorrect response to a
sat of signala, another patiorm of sigmls swtenctioslly RPPOLIG . Thore
ars 40 aettlngs to which n subjeci reapsade. After 2 brief prasticc per-
lod ¢f & settings, tho subjoct is told %o bezin. The scers is given in
termg of the nuzbor of minuien and secoxly thet it takss to make the 40
exttinza.’ A low soore 1ndloates superior psrformmaoce.

- Dotting Taat M)qlo The pw'poss o this test iw to measwre
guickness of ane type of roaoctlea tim and the facllity for guickly end

ascurately coordirating eys-hand movements. The tosh involwes atriking
emall Lolea on a vevolving dimc with a etyluas {mee Fig, 5). Tha epoad of
rotatlon inereasss an the row of dots rsaches the avterrnnl part of the re-
volving phonograph plite. The paore ls based om a moun of three triale,

a high georv indlenting superdor performonce.

pinuoug Reastion Ta Coitell .11 The purpogs of thias test is to
wgagurs the speed ani asowrsey with which a pasrson can raact to direqtions
srivted on 8 moviag etrip of pupor. The avbliset 1s Instructed to mark (with
a penoil) all the vertical linss on the strip se it movec by the aperture
aa the apparatua {ses Fig. 6). iie is lrnedructed not ¢ merk cortain other
Huase whlch apponr ab variows intervals. The subject mugt think apd act
shmiltangously end with great rapidity. Tha $ept ie designed to measure
sloge sitontiun, quick thinking; and mocurate menual dextoerity. 1t ias
eoorad in terue ol the tojal nuaber of correct markings on the atrip of
Fper. It is ziven bwice, once while the sirip of vaper is moving slowly
and, ngain, whils it ile moving vopidly, the sscond time wich differont dir-
gotione: A high scors on bvoth the glow strip and theo feet atrip indicaten
nuperlor perforiiuce.

(Mileg).® This apparatis wessures the amount of vertioml
swa¥ in the axle of the bady while atmiding at atiertlion with ihe eyes open
ar slosed. The appamtuq,aa g8ucma in Figz, T, ia wade up of a geriea of
welichte and pulleys edtlvated by cords attached t2 the edjeot‘s head. A
wovemens in any dirsction ig recorded by the couniterg &k sach sornar of the
metal framework. The subjoat is ugked to stend as pteadily ae possibls with
rasls together and fest turned cutuard at & $5~dezroe amgle. Tho tost was
ziven firat with tho ovee cpon &8s a practice period:. The data were analyzed

Piatar gtudies of the »3ilobilily of a revised form of the lkeshburn ap-
rarasuy vielded Lqst-rotest sorrelations of .53 mad .74 oun two samples of
Jagog. Se6: waniman, M. J. Ope ¢id.

10MeDougall, ¥. and Smith, . Effeots of sleohel and sowe other druﬂ
durinz noymel anc fatisusd sonditicpw. Med. Research Gouncil, Report No. 56
londony Hig Maj. S¢at, Off., 1920,

11Cattell, B, B, An objective test of character~-temperament. J, Gen.
Tpych. 1941, 25, 59=73,

12iiles, Wo R, Static equilibrium as & useful test of motor effislenoy.
Jour, Ind. Myg., 1922, 3, 316,

- tfi'uﬁ' .



EYE-HAND COORDINATION TEST

Figure 1

TrO-HAND COORDINATION TEST

Figure 2



MASHBURN SERIAL ACTION APPARATUS
(Front View)

Figure 3

MASHBURN SERIAL ACTION APPARATUS
(Back View)

Figure 4



DOTTING TEST (McDOUGALL)

Figure 3

CONTINUOUS REACTION TEST (CATTELL)

Figure 6
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on the basls of two readings of ons minute each with the eyes olosed. The
amount of movwement in cach direction is automatically recorded, The test -
goore i¢ the mean of the 2 ons~minute readings., A low socore indlqaten su-
perior performance. )

Iv, ' Visual and Perceptual Tests

: » The perceptlon of omoe (ia landing a plens or ir formes - i
tion flying) appsersd to reguire considorction. Three tests were used o
whioh were developed by the Dartmouth Eye Institute in its work on aninelkonla, -
Aplseikonin 1 dsfined es a dsfest of the binceular visual proceases im whish .
differences exiat in the sizs cr shape of the osonlar imeges from the two oyoB.
Such differouces have béen ahom %0 result in false spnce localisation when - .
the individual is flaaed in an enviromment whers strong parspective monceular . .
olues do not exietdd, :

1. Eikenowpetgr. 7This epparntus dotermines the differsnse in the sice
apd ehape ¢f tho-coular imazes by projoeciion, The geore representa B}
the sum of the sisze difference in either the horisontal or vortical = -
meTidian and the alze limite in the vertical and horizortal meridian.
The measures are coded in nurbers from 1 to 3,

2, loaf Roon, The pubjeot ig asked to judge the shape of a rectangular
room, the surfaces of whioh are cnvarod wilth oak leaves which pro-
vide adequiste ocontours anl yot do not introduce atrong perspective
faatures. Failure to ses the room in its proper poraspeotive 1s ;
consldered as avidence of dlstortion in apacs poarception. The fimal - |
score roproponts the sum of two soores: +the "response score” and -
the “plano lens test scors.,” Tho vodss for the response socre rarge L
from C to 4 end for tho plans lons score from 0 to 2. b

YRR ; a (A -
Rl T s
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3o Frontal Plane Apparaiug. Im 3his test the subjest sets a series of
rode for an apparent frontal plane under differsnt teeh condlitions. =
The test ieg basad on the same principle ag the Howard-Dolman apvaratus, =
but sevoral rofinomente have basn introdused. The seore repregents . L
the sum of the following: owrvature of ouwrvs determined by rods, A
responge {o dlstortlicn lensccs, nomtter of data, resvonse i¢ oyels TR
incongruities, regponse to varlous eye lemsen, and displecement of -t E
date frca normal. : U

Faotographs of Eyo Yovenerte (Ophthaluograrh). 14 tne purposs of the test ..
is to record the nusber of fixatioms while reading and to measure the ocular -

motor anomalies while fimmting on s target. The prinolple of the apparciug o
is as followg: a beam of light 1a foouzed on the cornes, anml the refleciion - - -
of the light ip reaordad on the film of a moving ploturs camera, The pub~ oy
Jeot 12 asked firai to fixate on m dot; than to foous alternatsly on one ot o
and then on snothar at a rate determined by a metronoms, Finally, he ius asked -

13ma, A, Anipeikonis, & factor in funciloning of vislon. Am, J. e

Ophthal., 1935, 18, 1014,

Wraylor, B, A. Goubrolled Seadlpge. Chiocsgo, Illinoiss Univeralty of
Chicago Premse, 1937.
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%o reud printed lines from the page of a book., Th:e score ig baped on the
aurber of fixatlons per llne. A low score indientea supsrior performance.

Dyrk Adeptation (Wald). This tost wag inoluded in the battery, not as
a seleotion test, but for evaluating the nutritional state of the piloto in
rslation to ability to wseo at night, Night vision tosts were given with the
Heuht and Wald Adaptometera, Ths Heoht apparstusl’ exposes the eyes %o a
bright light for threo minutes. The return of the ability to see in the
dark l¢ messursd escursiely in terms of the semsory thrashold, The Uight -
is sontrolled by & systom of filters and an optical wedge, There are fairly
wide individual variations in this test, which have besn ascribed, in part,
to the nutritional state of the body, W%elgdld devieed a simple portable ap-
paratus for fleld use whish involves the determination of a number of points -
on the dark sdaptetiom owrve after the subjoot has rsminsd in the dark for
30 uinutes, These determinations take only 5 iinutes; eo that approximtely
18 to 20 subjects onn be tested in an hour if properly dark edapted. After
the study was in progress, it wes foumd to be impractioable to usze the Heoht
apparasus which tekee 30 minutes per subjooi; hence, only data with the Wald
apparatus are shogu in thie stwdy. The score is based on the mesa of 4 rTead-
ings and is expressed in mleromlillilamberts; & low goors indicates superior
performance. '

Tily Chair - Pergeption of Chanse in Position, The cbjeat of this test
is to measure the peraeption of chengs position while the subjeot is aseated

blindfolded in & ohalr (ges Fig. 8)., The procedure ir to Lave the subjeot in-

-dl3ate the moment nt which he is ewmars of vhether the chair is being tilted to

ths right or to tha left, forward or backward, The 31ilting movematits are oon-

trolled by & sst of gears. losated under the chair, Tho rate at which the ewb-

Joot Ls tilted ie detsrmined by a metronome set ai npproximately 7.4 beats per
necond;, The poore is based on the wmwan of 8 triale. A low scors indloeloes
gupearlor performance,

The Physiclogical Tests
i, Metabcliem and Respiration Testel?

cile Rata. Bagal metabolism determinations were made on each
pilot, not only to svalurte ebaormslitles in cxygen consumptien, but also to
study other data from {$he spirogras, such as tidal alr volume, viial oapacity,
and sharactoristics of the brenthdng pattera. Four nine-liter Besnedlot closed~
elrsult spirometors, sdngtrusted by the Smzborn Impirument Company, were uged,
T20h pilot was tesied in the morning under basal conditions (see Fig. 9). -The
guore on the Basal Metcboliam test was basod on 2 mms of 8 minutes duration
c¢asgh, ®d wes exproessd im pius and minw valucs; tiw normal rengs-being plus
15 to mdnus 15. Trne hreathing records alicz for the celoulation of the axygen
consurption per minute, and alaoo yield a graphic traoirg of the resplraiion
{epirogram) (see Figs, 10A and B), In addition, cbservations wers made of
%he gubjcot's reaotion to a reelstance placed in ke breathing oircult which
forsed him to bdreatine through a small opening (pin head in slze),

lﬁﬁoobt, S, ead Shlaer, 8. Ar adaptomster for measwing human dark
edaptation. g, Opt, Goo. Am., 1938, 28, 269-275.

16%ald, G, Fortabls visunl adaptometer. J; Qut, Soc. Am., 1941, 3x, 235, 7
17a detalled degoription of theoss resplratory tests and measures may be o
found in Frangen, R. and Blaine, L. Eyelumtion of respiratory measures for .
23 An pilot pelpotion. Washington, D, (.3 Codcho Divislon of Regearch, Report .

¥o. 25, Jaauwmry 1934,



} - ME apoLin TERT
"

m—— f

AVIATION CADET TAKING THE BASAL METABOLISM TEST

Figure 9
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SPIROGRAMS ILLUSTRATING A REGULAR ()
AND IRREGULAR (B) BREATHING PATTERN

Figures 104 and 10B
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Tidal Aly Volume, Prevlous siudies of 4idal air have sugge
large volumes were often found in pilote known to be euscesasful. The

tidal air volume is the amount of air broathed in and out of ths lungs
with every quliet respliwtlon. The average amount for adult males ip about
400 to 500 g. om. It varles with the alze of the individuaij  hence, all
valuee are given in terme of tidal air/body surface. The score, expraased
in cuble centimeters; is baged on 2 runs of 8 minutes durailon each while
the mubject 1p in 2 resumbent poesition. 4 high scors ir consldered favor-
able. An estimnted correction for body surfece to adjuat for variations
in body gize was made by use of the Heipht<ieipht Grapho

Vital yZo Tho vital vepeacity ie the mwmber of eublo centimeters
of eir one can forcibly expire after s full insplration, The average valus
is sbout 3500 3, cm. and wariss with the eize of the individual. Athletas
give deeldedly higher valuea, The vital sapasity was determined in the fol=-
lowlng mauner. Aftsr a normal breathing pericd, the subjact wes asked t¢
inhale as fully me possible and thon to exhale as deeply as poasible. Two
revoerds wore made on the basal meteboliem chart with thoe subjest sitting.
The readinge are in cublc sentimetors; a high moore is considered fuworebls,

3reathine Pattern. Studler in physioclegy and paychosomatic medicine
have suggested tiat the dspth and regularity of broathing often tend to
rafioot the emotionsi characteristica of a subjoot. It im poesible, fer
example, that a person under emotional atressc might sigh more frequently,
ay well as breaths mcre rapidly and irregularly., Thiz test was included
o as to evaluate it as a possible obhjective measurs of emotlonal atebil-
ity in aviation sadets, The breathing pattern can be studied fram the spirc-
gram (@ee Figs. 7CA and B), The irregularities are analyzed from the stand~
polnt of var%atigfs 1a tidal air volume, respiratory rate, and othar ohars«
aoteristics.
I1. FPhysiosl Pitnegs Tapts
Ipdox of Weurpoirculatory Filinsgs. This test was doveloped -
in the last-war and has been widely used in clvilian and military avlatiop
to evaluate phyateal fifness, "fatizue," mnd "flying stress.” It welghtc

18Thompaon, J. W. $o develop methodg of dotermining emotioral
o washingtom, D, Cca CoR.A, Toochaioal Developuwent Diviaion, Note

gheb
NOo 1 ] 19390 .

19Based on the formmla for body surfuce area by Dru. D. and E. F., DuBois.
Adaptad from Fig. 17, p. 119, in Bagal meteboligm in health and dipeaas by E.
F, Dubiclg. Fhiladelphia: Lep and Febiger, 192%7. Charts supplied by "Texren
Do Collina, Ina.; Booton, Ynssachusetis.

20Finesinzger. J. B
tion in puychonsurotin pationta.
490,

Bffs0t of pleamant and unplsasent ideas on respira-

Arch, Neurol, and Psychiat. 1939, 42, 425-

2lyoFarlend, B ko, Graybiel, A,, Liljensrents, E.; and Tuttis, A. D. -
An amalysis of the physilologieal and peyoholopgloal sharscteriastlos of 200
civil airline pilota. J,4viation Med. 1939, 10, 1-52.
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date. frow six eets of cbservationss ritmaiy, the pulme rate during resumbensy:

" ths pulss rate while atanding; tho inocrease in the number of beate in the

pulas rete when atanding and recusbent postures ars compared; the accelera-
tlon of the pulse rate after standardizsd exeroise; the tlwe regquired for
“re pulsas rate tc return to pormel aftor exercisse; and the change in the
systolis n,rtgginl blood pregsure when the chanse is iade from recurhency

to standing.“<. It pepalizes the subject who shows a rapld pulse rats and
wio faila to ghow an incroase in syatolis blood pressure on standing, It
ie supposed to reveal tho wtate of physieal fatipus or of physioal [itnems
4¢ the subjeot. The soorea range irom-18 to ~il, A score below &7 ig oon-
¢ldered abnormal. ' ’

T1it Table - Capdiovassular Recponse %o Change in Poeition. The purpose
¢f thie tost 15 %o analyse each subject’s cardiovawzular rogponge tc change
in positlon.®3 The tilt tabls (see Fig. 11} 4is used under standardized
conditions to study the positlonsl ocirculatory reflexes, It ie of intereast
not only in atlempting to avaluate physical fitneos and "fatigue,”™ but alsc
in analysing the subject’c suszeptibility to fainting. It vy lacluded in
“hip investipgation vasause of the possible relationship betwsen sase of

‘alnting cn tha tilt table and "blsoking out™ in dive vomblng, Tho subjeot

rogte for at leess 15 mlnutes on the tabie in a prong peaition bafcre belng
t1lted, then with head u;y, for a 20-minute pericd nt a &5~degree ayile: The
following msasvrea wore faken duilng the tilt table testi:

1. Sygtelloe Blood Preggure, Diastolle Blood Pressurs and Pulde Hate.
The scores for sach of thess nwasuren were expressed az the mean
0f 5 readinzs taken whon the subject was in a resllnlng poeitlon
{bafere bolng tilted}, .

2. Pulge Freggure Chanze. Pulse presgsure indieates Lthe differercs
between ayetolie and diastolic blood pressuras. The .change in
pulse pressure is the differonce hetwasen the average pulase presg-
gure befors tiltins ani the srmllazt pulse progeure after tiltling.
A minus s3:re indientus thel tie pulas pressure le greater aflter
t4iting snen before tiltipg.

3. Pulge fate Chanze. The shange in pules rate equsls ths difier-
ance bsiwasy the hipbest »ulse rate reached during the tily-up
intorvale and the averarss puise rate sf the 5 readinge befurv tilt.

4, Smmllegt Fulss Pressurs. The ammllest pulss preseurs is the vmell-
oot differencs batweon systolie ancd diastellis blood preegure during
tha tilt-uvp iaterwval,

5. Time t¢ Swailegt Pulge Presgure. This mewsure squals the nuazber of
minutes slapaing betwesn the 4ime when the subject wae tiltec up eml

the time av wrich the smsllest pulae pressure sscurred,

225ohnelider, &, G. Physlology of mupcular activity. Philsdelphia,
Fennsylvanias W. B, Smundors Coumpany, 1933.

230raybiel, A. add Weofariand, Re Ac The use of the tll$ table teet An
aviation medicine. J; Ayietion Mad., 1741, 12, 1-20,



AVIATION CADET ON THE TILT TABLE (65° ANGLE)
DURING RECOKDING OF BLOOD PRESSURE

Tigure 11
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SAMPLE RECORDS OF SYSTOLIC AND DIASTOLIC BLOOD PRESSURE AND
PULSE RATE OBTAINED ON AVIATION CADETS MAKING GOOD (A) AND
POOK (E) RESPONSES ON TILT TABLE TEST

Figures 124 and 12B



RECORDING OF AN ELECTROCARD'OGRAM OF AN 7 VIATION CADET
Figure 12
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FOLLOWED BY LOWERING OF T-WAVES AND CHANGE IN PULSE RATE
Figure 14B
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Sample records of pulsc rete and blood pressure readinge ars ghown in . %
Pigure 124 for a good response and in Figure 128 for a poor responae (tha o
response of s subjsct who feinted while on tho €able in s tilted pomition).

II1. EKleostrocardicgraphy, fogponss to Startle, and Gircﬁlatory Reflaxes _ ﬁ;j

Elegtrogardiczraphy. 2% 1n pormal hears action, a wave of exclitatiocn T
origimting in the alne-avricular node (that region of ths heart said %a : ‘
have the highest dezree of irritability) prescodes each vmve of conirastion.
Thig wave ther radiatos out over the entire auricular mussulaturo. It lg
then picked up by ancthar atruoturs in the keart, the atrio~ventricular
nod o, and econducted ovsr the bundle and 1is branches te the musole celle
oi eaoh ventricls. Tke veloecity iz relatively slow, %.6., about 1l mefer e
per seccond in the nurigles and aprroximately 3-4 meters pver pecond im the R
burdle, The total time from the slno=aurloular node to the wentricle, tho o
P«R interval, is normally 0,12 %o 0.20 seconds., During normal hear: action, o
the auriclss and vaniriclss fuaction in a rhythrleal, one~to=one segusrae.
In other words, in normal heart antion, there is a wave of exciiation over
the aurlcles with Lhe suricuiar syatole, followed by the passage of {the
wave over the vemtricles wiith tho ventriculur systola,

The elestrocardiogram is an cselllographic record of the elogtrisal : s
ohoingss whish oocur during 2 given gerles of cardise ayclas. Tho ourrent ;35

from the heart is taken off indlractly by clectrodus placed on the two arma _T',lg
(the so=-called Lead 1}, on the right arm and tho lofi leg (Lead II), on the o
loft arm and left lag (Lend ILI), and on the precordium aund one of the ex~ . et

tremitiss or the junstion of the thrze (Ieald IV, and other chest leada}.

In this inveatizaticn a Sarzborn pcriasbls cardletio was employed (zee Fig.

13} and tracings wovo adtaimmed for each eandidote, uslng four of these lesada. L
Under normal gondiiiong, five different waves ars identifiable on the reccids, S

Threa of thase, the P, B, ani T uvnves, are pegltive; the other twe, the § am L

S waves, are negative. Thene latisr two may sometimes be absent in the ramrds T
The §, R, end 5 waveas ars usually reforred to tozsthor as the RS complex: e
Under norma- cond i4ions, tha P-wave is aseociated with tha murigular pystouis -
and the QRS complax with %ho beginning of tho ventricular gystole. The T» Cooe T
wave is &sgoclated w5ih tho helpht and end of the veuntrisular syetole, -

Reguonse to Startle (pistol shoij. 25 va ihe military serviges, it iﬂ
wall known that scerteln piicis are re sliminated beoguse of emotional ineta~

bility or loss of nontrol in emergoncy situstions. The diffioulties in-

volved in developing an cbjizscetive teat which might predict ineptitude af -
this mature are apparent, aspoaiulxy 1in predioting from laboratory experi- R
mexts what might astually take piasce undsr more renlistic conditlons in .o,

o e e R L TapT i S -t

L. A < T M.

2£Graybial,-kg add Walte, P. . Elestreoardiomraphy in practice. - g,%
Philadelphig, Ponnsylwaniox W, B. Seunders Compeny, 194l. o

25landiu, G. and unt, 7. A. The siartls pattern. New York: Farraz ' g
& Ripshard, 1939, : T
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fiight. In the survey whioh was mede of ieats in this gielﬁ, responae to
startle seemeod to Le worthy of furihsr gtudy. Haamon,2 for instance, re=~
ported that teets of emotional piabillty involviny the msaguruvments of a
saries of reactions following the dischiarge of a pigtol {i.s., amplitude
of the tremors of the hand, time of reaovery Srom tremor, changss of fre-
guonoy in the pulse rate, changes in the freguencsy and the amplitude o
rogpiration) gave the highest correlation in a series of other tests with
uptlivds for flying.

In this study the audbject was attached to the basai mesaboliam appara-
tns and to Lead 1l of the electrocardiosraph. A gwm wess fired without the
subject’s foreknomledgs. An analysis wap tren made of the alterations ob-
scrved in somatlio tremor, the spirogram, and the eleosirosardiogram, The
foilowlng agores were reacrded for changs in heart rate:

1l Awsrage oontrol rate before the starils sxpreesed as the average
heart rate for 6 seoconds before the atartle.

2. Averag: heart rate 0=b6 geocnde after the startlo,

3o .iverage heart rate 6-12 seconds aftsr startles.

4, Average heart rate 12=18 guoonds sfter startle.

Threa aeaguras of somatlo treusr were takon £olliwinz the startle:

1. Total durntiou sxprsssed in scoonds.
2, Inltiel amplitude expraseed in millimetere.
3. Amplitude 3/5 secands afis~ the startle expressed in millimeters.

For tha alterstion in T-waves, the followlnzs ccorapy were takemns

1 Timn of ongot expreaged in seconda.
2. Maximum olmnge in amplitude expresssed ian millimeters.
i, Fersimtence of obangs in T-wavee expressed ln sedonds.

I1lustrations of what might be oconsldered m good and & poor response are
phown ragpsctively in Flguros 14A end 14B. In the former, there wie nc ohanze
in the elsctrocardiographis traocing, while in the Intter thore was oconslder~
able momatic tramor, followed by an increase in heart rate and a marked lower~
ing of the Tewave,

) Senal . ¥t is well knowm that pressure over the bi-
furcation of the common garotid artury in the neck may produss a sensation
of faintnesss, moecoupanied by slowing of the pulas rate and fall in eyetollo
blood pressure, These changes teke place roflexly, and the magmitude of the
rosponss varies a groat deal emong individuala, It ms belioved that test~
ing for the presensa of abmernml esrotid slinug sensitivity might prove worth-
#hile. The procedurs was as followg: the cubject wme seated, ettached to an

26Honmon, V. Ae €. Adr cervice tests of aptiiude for fiying. J, Appl.
M“! 1919s 3 103"109a



slveblpeardiogen; iy cad 050 822 prese ue onfl in pesition, Following
san Inltiml Llocd pressu-s readiiue, 3 puysteian m2geaged the carotid esinus
in the neok, Adiltlonal rezdings were mads 30 ssoduda efter pregsure on
he pleht caretid ervery snd 30 seoonds aiter oirsasure om both oarotid are
terlen. Elaotroc:rdiegrapbic tracinge wirs obtalved at standard iniervals
during tho oxparitiewh.

Good Prempoy Tagte ity trut was insluded o cvalugge each oadet ' e
blood presaure reaponge 6 ¢ riarsard painful stimulus, Each cadst wes 3
sAven whis teat in Fert & o the atudy. AZ%er the hlood pregeurs was sta-

hllizer, the right hend wme lwwwrsed in o patl of 106 water for one minute.
Tre ra~ gsors for the Ireatest arstolle change 788 the difference between
ths eyrteidis blocd presuure befors plaoincs the right hand in ioe water and B
sha poiat &b whlcn $he aystolie pressurs was highest during the G0-saocnd o
pericd of immarcion. Tro preatost diastolic chanpe wea the differsnos be=~ }
twsen the diagte’ lo prozaures obtsined in @ simllar mammar. In a smell num=
bot of sanes, elestrncardiorrapric traolngs were also obtalned durlag thie
wead.

dliin Bagdptnnee. “ho grlvaaie skin responss or paychogalvanlo reflex

e inclaced ag cvae of 1hy Yosta bacause of its poaslble valus in reveal-
‘ng eoebional rewosiona.c® L pcizeted number of cadets was given this
Gent? 97 sucoewces, 15 wachouiz, and T beard appearandss. The usual proe
sedurse in studring hls reflex sore uasd. One olegtrode was attashed te e
the armr, and one recovding claciiode $o the third finger of the right hande cr "f»_:
Tha tects wers rziTdoed cut in Hhe lete &4 rnoon whon thera were no distrace R
<ieng in thsy lalorutory, or in the arsm, <uch es & large number of alreraft -
Mardng evarhead. AfSer u bred ilae ip tihe salvanlo response was detsrmined
and & nwdber of readinge rarorisg, $he hoard was plaged in ige water for 30
segords. Sucss,sive veadinyn wore takon durine tha recovery period, and
tha guhject's rosponee indicutlisy pain, or when pain disappsared, was tabu- e

sed. After an interval of tiuz, the eutjacte were ssked questiona rela= Y
tive %t thelr difiiculiisg in fiving or other umotionally tinged questions,
stush 2 ebout iilnesmsas or Jeat™s in the iamily, about thelr fiancaess, or
aboué eotions {rom the medleul history uwhileh $he physiclan obteined dur-
ing o previous lntervics., Inbsreat centsred on vhether the cadete who had B
Pedled their {liehts trainiug eocrege would have vore oxtrsme respongog than
skoze who were suscossivl, ‘

e hlostroences!alozrachy sug Anthropegrople Studles

El:gsreence halograpny (brain wevea - Grass apparstus) 2% 30 Thig test
vap given in oracr to cbasrve suin differenson ug rdgkt exlat in breln warves

Ay o — prae o

Z{Hinee, B. Ao, Jr. and Broam, §. Uo A stgndard stlmulus for measuring .«
veasomobor reastiong. :rog. Stall Moet., Kayc Clin., 1932, 7, 132. ]

20¢or review of the work in thle fi11d,80er Woodworth, R. S. Experimental ‘
Pgygholomy. Nez Yorks MHemry Hoit % Co., 1938, Chajz. 13. i

%ayis, F. A, Teohnique and evaluetisu of the aleciroensephalegram. Jo - °°
peurophyslol., 1341, 4, 92-1l4. L
) b

3%G1bbe, F. A, and Gibba, 5. L, ﬁ‘;ﬁ!ﬁi of elsotroensephalography. Cam- e

sridge, Massachusetts: The L. i, Cumminge Company, 1941, 3
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" beatwean the sucasesful and the unsuccesaful pilots in flighi training. In

additlon, Interest centered in lie value az a olinical msasure for the de-
teotion of cadets with epileptoid trends, btrain tumors; or brain injuries.

The sleotrosnosphalegram is a reocorc of tho electrical 2stivity of the brain,
oonsisting of traine or spurts of waves poseessing definite cheracteristica
with regard to frequency, smplitude, and shepe, The alestric potentials

Trom the brain are pleked up and Iroatly amplifisd aad recorded by an auto~
matio pen marker (mee Fig. 15). Fasentlaliy the sama prineiple is involved
in studylng the electrical astivity of tho brain as ie the case with the eleo=-
trooardiograph for the electrisnl activity of the heart. Records wers ob- .
taiied on each omdet in the reoumbont positlion with the eyes cpen, and egein
while the eyes were closed. At the end of the test, eash cedet was asked tu
hyperventilate (breathe very deeply and rapidly) to the beats of the metro-
noma., A graphlo resord of ihe bruathing was recorded with the apiromster.
Four EE0 measursa were .analyzed in %his investigation: (1) alpha Index, the

 average of the lsf4 and right soslp leads reprecemting the number of centi~

meters in a standard length of recordy (2) Alpha Freguensy, ranging in fro~
queney from 7 to 14 oyoles per seucndj {3} Voltage, the aversge amplituds of
right and left scalp leade; and (4} the presence or absence of abucrralltier
expresged as Tatings on a soale vurying from 1, the beat, to 4, the pocrest
acore.3l Oreat care was taken in obtaining thess resords to meke cortain
that the subjects did not bsoomo drowsy or Isll aglesp.

Body Build (somatotyps = Shaldon's method).32s 33 Each cadot wug photo- y
graphed in a standardized manner in the nuds from the fromt, baok, ard eide
positions {(see Fig, 17). From theso phobozraphas, & series of massurements
were made whioh collactivoly revenled the wderlying physical constltution
of the individuals, The compogits scors for sach cadet consisted in iating
eaoh of tha three "components” of siructwrs, degoribed ag "“primary™ aspectis
of body sonstitutiony i.e., (1) endomorphy, dominansce of visceral strusture
or soft roundnesa of bedy regions; {2) mesomorphy, corresponding to the ath-
latio type of build or dfnsnceof bor:z and muscle) and (3) octomorphy, dom-
inance of "linsarity” and "fragility,” espoolally the nervous system and
gense organs. The actual protograpn of a cadet with & 4~5-2 rating end dye=
plasia 2 O is shown in Fig. 18, The anthroposcoplo method was used in this
study. It oonsiste in somatotyplong five raglons by inapestion: (1) head and i
neok, (2) upper trunk (above the liaphrags), (3) arme, (4) lower truwk (bslew
the diaphragm), and (5} lege. Thig prooedurs differs from the anithropometric
method, wherein sbout fourteen exact measurewdnts ars made. A very high cor-
relation exists botwean the two msthods, In the somatotype, the first num~
oral rofers to total endomorphy, the sesond to mapomoyrphy, And the third to

31, further discugsion of these measures may be found in: Forbes, A. and

- R.Til, H. Ehﬁg:ggmgg_lgg:ggg of NE!& A?igtgrg. Wlahington, D. Cut Coh. A,

Division of Research, Report Yo. 13, April 1943,

32gneldon, ¥, H., Gtevens, 5, 3., and Tucker, ¥. B. The varieties of
hugan phivalgues Kew Yorks Harper & Bros., 1940,

333h°m0ﬁ’ We H‘t’ and Stm, 8. 8. atios of te °

New Yorks Harper & Bros., 1942,



THE AMPLIFIERS AND AUTOMATIC PEN RECORDERS USED IN THE
RECORDING OF ELECTROENCEPHALOGRAMS (BRAIN WAVES)

Figure i5

Normal E E.G patterns Standard conditions : eyes closed Monopolar, unfi:tered.

REFEAENC:. " CAR

Type A H-gh alpha
R PRECENT WWWWMMMWWW

[ c-67

Med:um alpha
R PRECENT W’VMPWMWM

ROCC MWWMIWWMIWWW

Low alpha

BRAIN WAVE PATTERNS TYPICAL OF THOSE
COMMONLY OBSERVED IN NORMAL PERSONS

Figure 16



: VARIOUS POSITIONS-IN WHICH EACH CADET WAS PHOTOGRAPHED
IN THE NUDE TO OBTAIN RECORDS FOR SOMATQTYPING AND DYSPLASIA

Figure 17



ACTUAL PHOTOGRAPH OF A CADET TAKEN IN VARIOUS POSITIONS

TO OBTAIN THE SOMATOTYPE AND DYSPLASIA RECORD

Figure 18
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aqiamrphy. 1n the somtotyping progedure, each of those three primary com~ i3
reperte ia clsasifiod on & seven-polnt soale, AR inspoctional estimate of Tk
the strangth of cach oomponent is made from an examination of a photograph ' R
of the mibJest, LFumerals cuvn assigned to euch physique, inoluding ons for Y
ite position on the scals for each componant. Thug, the physique of an in~ 3%
dividual olasailied as m 7=1~1 is extreme in endomorphy and at a minimm in Lo
tha other two gomponsnts., The #~4-4 is an individunl about at the mid-poind e
of ell three soales. The pattern of the thres elamental morphological sow= Ty
ponenta, ae axprensad by she three numsrals, represents the individual's e

"pomptotyne.” The phote~rapha were also scored for dysplasis, a term used
to signify "disharmony botweon different rsglons of tho seme physique.”
when, for axample, & physique ie of orne somatotype in the reglon of the

+ hend snd nesk, and of another somatotype in the legs or trunk, the indivi- LR
dual {s gpoken of ae dysplastic. Dysplaeie ia meagured by totaling the dif- C o
forensea amyrny the somatotype doplgnations for five roslons of the bvody. :

TEST ADMGUISTRATIVN PRUCIDURTS - -

The “testing program waa organized ao that enoh cadet was ameiznod to \ E
ths Renearch Laboratory for one full day as on offiglal part of his in- o
dootrinatlon into the Maval Alr Station. This assigmment occurred durlng o
the Tirst week before any flight tralning., Hach cadet had passed a solo . riE
flight teet and esoh had had ten hours of dual instruction at one of the . e E
: elimination basev located in 12 differsni parts of $he Uniied Statos. Only D
- o fow traincee had had more than 10 hours of flight time before tholr en~ s
trance at Jonsacciue From the officiai and routine mature of tha propram,;
the cadetn were led to believs that thair results in the teats would besocus
an of'ffeial part of their resorda., The motiwation was high and the ooopera=-
tion exoellent throughout the ovtudy.

liach olags of sadets of approximately 50 took the Otis Mantal Test; the s
innesota Paper ¥Form Beoard Test; and the A%hletioc Achievement Test as a
group in a classroom at the oadet barrecks. The first test took 20; the ]
sooond 30, and the third about 15 minutes. There was no time limit on the e
Athletlo Achlevement Testh. :

Py
N
e A

Subjeots camw to the Laboratory in groupa of four at 6300 scmo,y T330 mems,
and 8300 a.m. 3Zach 3ubject recelved a Lyped atatement eeveral days before Sk
taking the teets. which pgave & brief ascount of the purpose of the tesis, and =y
the time and plave to report; These tyoed etatemonts gave speocific inmstruce e
tions indloating the amount of rest and the avoidance of alsohol and tobmasce - . ./
on the praviocus night, wdth no food or exerclss on the morning of the tests, Ty
in order %o provide optimal goaditions for the basal metabolism test.

z Partitious were construcioed in the bullding aasicned for the laboratory
‘ to porsdi{ the verious teste to be ziver in separate rooms, thus avolding - T
dlstractiona. Four sets »f matabolism and elsobtrocardlographic apparatus w
wmore available so tnat four subjects cculd be etudied simultanecusly.

After the aadets had raclinsd on tho beds for 30 minutes; they were ]
given the basal wetabolism and bresthlag teats = two elght-minute records.
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They then breathed ageinst the resistance {iage 12, aml vital sapssti
detorminations were mds. 4Lfter & short rogl, they wwre acnneetel . 1

the eleotrodes on the elestrocardivpraph, snd records were oblalnse w. &b
four different leuds. W%hlle oiill atiached 4n the bresthing appa;.s.. wad
elschirceardliogragh, a vary laud pigicl ghot sas fized In $he room, & o iuc
ungnown to ths cadets, 4o obtidy regordsg of responee to esertie: 71 Fave
then given the Sohnsider Index el Vilt lable Tasts. Thent emuk aniv swp
perved a light standard breskfust x2 the Iuberetory. Folloslug S oeus
trey were pchwdulod through ihe opoeial roows ig woutins faphica foo "

T T U
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various peyshomotour teste  ths Lrndn wave, sommtotyplag, andsedks. .o pi by
vision test, and the resprnss itov the verctid slinus eemaltdvity, me' 1 rosay
and skin resistanoe experimenta. During oegt periede they fiii-d o o« ;-2
tiomalre relating to medicel blatsry, edusatica, and av.etdon nbk . o ¢ a2
interviews were gjiven by a physicisn ix the alternoon: Xf the rsi o ot wyo
tebolism, brain wavea, or electrocardlopgraphy wrere nob avtisfwa-crr 6 W
rece.led For retests o scon e Jcnvardent. In eortain Lustansem. - uwr ool
yeaetble to rocall them and therw are, theoreflore, aligh: varia.l: aht

rvpber of subjeots tegted (soe Tables 3«l).

<t was mot puasgible fo soutrol tue Tamparaturs in the lapow:.. e,
although electri: fena were used %o cirselate the alr. The mwe, Loy chlur
crring the ewmer meoths, when the dute of Part I ware collaetad, <uwlsusd
feirly congbant. Ir the f8ll and enrly winzer (data for Part Xi)} .le taome
purature was goniar, The differencer in olimaie during the twe pa:i o of

the atudy wers nut extrems, but this veriation might bave glvew rie. 2 3nr
toin differanres in the rocpiratory axd ciroulatory teatn,

. The paychomolor toats ware given in the oare vrder au lietac o, iy
5 and 6, Ench gubject regcived steandardlznd lnatructioned? wad apy. -
priate praoticve periods belfore taking oumech towt.

All of the terts woers rgocorded on standardlzed forms aml acored i Pone
pgoo.a. The material vee thon sart to Harvard where #ll ol ths tenl: w3
cheoked and rosdoreca. In whs gase »f spscialized tests, such 23 hie riape
pretation of the slestrecerdiograms; the work was direoted by authuri lin
ir esnh fisld; for instance, the scuring of the slestreomardiographio .aloys
inl van direched by .ashton Graybles; ithe elsctrosncephelographle ranc. b Ly
Hellowell Tuviag and Alexander Morben; the somatotyping by Wm, Ho Bhauliong
ard aniselkonia by A. Amsas, K. Ogls, snd Rabert H. Teokhem.

CRITHICA

Early in the regsaroh program 1t was spperent i(het one of the mopl dile
figult problems in evaluating iba warlous teuies centered arcund orile-is ot

3

3MThe standerdizod instructions wo those ¥5sta vere procen'sd trnlly by

. the examiner. Dcteilod instruoctions for the Two=Hand Coordinstio. Vost and

tho Uanhburn carinl setiern R0t may Yo found in the .lvoerdisces 2o (Lo sepacs
%68 roports oo Laes. togty jooe footuries 7 and 43). Dipsctiinm Car b Lia
Datiept 3, Dotziag, Jest may be found ir . loDoesslly <o end Smlba, 2. lr oA

(e
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euccess or feilwre in flying. In other words, it wae neoessary to have re~
liable and, preferably, objlective data relating to successful performancs in

flight training tc¢ correlate with the testa. In an attempt to obtain reliabls iy

indices of aptitude for flyirg, an amlysis was made of the inatructors® oome
ments and ratings in the £light jackets of over 50 cadeis who had failed, in

oomparison with & group ®ho had passed the oourse at Pensscola. This analysis
of the flight jeckats showed that the iustructors did not stress the ansna var-

ledles in rating light performuwe. Some placed more smphasis on one factor
than on anotvher, mnking it diffieult to rank the pilote. If adequete analy-
110 measurea of vuoh pllcet's nptitude wers evallable, such a variable ae poor
goordination in hmndling the plune wisht be correlated with a low zcore inm
ong or more of ths peychomolor tceataj poor landinges in small fields with
faulty epace percspilon; or poor judgment with tests of mental ability., Not
ouly werd the numsrleal reecrds in the Tlirkt jankete relating to various
phages of flyinz vased on widaly differins critoria, buw', also the range wus
not grest enough in the variouo soores (G ~ 4) to be meuningful for evaluat~
Ing warious fauits in relation to asores on specifio tests. The large ma~
Jority of the rutings wms 3.

The next approach waz to tabulate the comments on causes of failure in |
the flight jooketa of pilots who had baen dropped from training. With theose
date as a background, & printed form was drawn up (eee Appendix C) which
degoribed sertalu oharacteristics of £iying, auch as porseption and conmtrol
of the plane’s nosltion, soordinasion of cortrols, and montal perf{ormmnce
for each stege of [li+ht traliirng, LYoth prirary and advenced. A code wyue
drawn up ao that ithe records woculd indiosate whether the defect at the time
4 pllot was taking a oheok flizht waw mude on approachey, taxiing, take-
offa, cllwbing, zlidinz, or lending (ces code at left~hend slde of printed
form}, This form was {11led sul for & number of wachouis not in the pres-
ont atudy, as well ue for these sadete who falled in Part I. Om the baalis
of these data, it wag passible to determine whethor the ashief cause 01 fall=~
ure wvas poor "headwork™ while tralwine, rourhness at the ocntrols, or poor
ocordination uné certaln othor general actepories of flyring faulte., It was
not possidblo, howaver, to trauslnie this information inio s numerical scors
for purposes of csrrelntion. Furthermwvo, tho lnstructors were not trained
in rating ocach pilot on the bousig of sitdlar oriteria. This lack of common
basio for rating cave wilely worying rosvits, depanding on the consoisntious~

nepe of eagk insiructor ur cn hip pariisular emphasis in grading flying faulte. -

& further stismpt wup mads oy Dr. I, H. Peokham $o dovise a flight seore
bagsd on the numbir of peapibis fiizhho and rechecke, ee resorded in the
flight Jjacketas. “here were 3% possible {1lishi cheoks ard reohecks in pri-
wary lend planez, all of whish msy or may not have veen flown., Thus, Lhe
flight score waa ;5 posaible checke minus tho nupber of ghecks actumlly Zlowm
or aspumad flown unsatisfacterily. If tho ftrainee paszscd nis firat check
flights at each stage of irelnins, he would mave flowm n total of 5 flighte,
ané it may be sseumed, therofore, that the remaining 30 checks would have
been flown satisfactcrily. il he foiled the first two of the three checks
at any stage, it -as assumed thet his third would alsc have been failed.

If a studont wag droppsd frea flight truining for asy reason, all ohocks
following kis stage of drop were rocarded ay unsatisfactory. 0On the basis
of this prooedure, seorss were htainad for all of the pilota tested in
Parte T and IT af this otudy.
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From these scores it was poesidle to difrferemtiate the sucaessea from
the failures ae & group, due to the resulting kigh seores of those whe mased
the largest number of flight checks. The oritical ratics betwsen the nuoser=
oss and washouts were highly rellsble, as mirht Y6 expected. On the osihar
hand, there are serious limitations in this sooring method, l.e., many of
the washouts received high scores simply beceuse tney passed a large nor-
eortaze of the flizht ohaoks and rechecke bofore bveling dropped, Therstore,
those etudents who remain at Pensacola the longest itime, regardless of whether
thay sventually pass or fall, wlll receive %he highest soores. Folluwiny by
analysie of all of these faoctors, it was deslded to use the absoiuts stand-
ard pasp~fail as the eriterion of fllght performmnoe.

|

Prior to 1939 epproximately 30k to 35% of the sadets accepivd for light
training fallsd in either primary or seocondary flight traiming at Fenuicela.
During the montha just before amd during the present study, however, iivrvs
wap a marked drop in the percentese of ocandidates elirdnated. Aun sml:sis
of "sitrition” in flight training before and during the oourve o] this sbtudy
was thus made from reocords in the Training lepartment at Pensacola thvwil Air
Station.

Tae analysis (see Table 2 and Pigure 19) begine with Zlass 128 waiuh
entered in July, 1939, It is obvious that the frequency of follups Jdecreasgoed
in etriking fashion, The majority of the failures occsur durin; the tralming
perled in primary land planee. The attrition in advansed training has ncarly
disappeared. This decramse in the percentage of fmilure in sach clazu made
the determirution cof the predictive value of the various tests more & sifi=-
oult. The inveatigation s thereforev continuod over a longor pariod of
time than ras originally plarmed in order tec obtaln tegt resulie for a largur

" number «f vashouts. The percentaze of fallures remained at approximat-ly 10k

to 15% throughout the latter part of the study.

The main criterion for suscess in flylng was based elmply on whethur the
sandidate puosed or falled the couruss in Primary Trainlng. The aubjecis bave
been oclassified into Pour groups as follows (tho werds "suuosuzon®
and "good pilote™ do not have & gpecific connotation other than that indi-
anted by the definitions below):

1. Googd Pllotp. Those pucceseful pilote who had never appeared bufors
the Commaniant ‘s Advisory Board,

2. Suggeggep. All pilote who passed in fiight training, inoluding
those who had appeared bsfore the Commndant‘®e Advisory Board dur-
ing their training ae well ap those whoe hed not,

) 391nie decrease in the fregquenoy of feillurs may be attributable tu var-
ious causes, In the first place, the methods of inatruotlon may have been im-
proved by the imtroduction of a now syllabus for flizht training in July, 1939
In tha eeocond place, it 1s possible that the Selestlon Boards may have picked
& hlgher type of candidate. Also, in the first group studied in this nrogram
thore wore 88 officera from the Nawal Academy, known to be carefully salected
on the basis of intellirence, personality, and offiger~like qualitiss. Only

a fow 6f thuse men were dropssed frow training. Floally, it may te thun the
var influsnced the Treinine Depurtment to spend moro time with the povcrer cu-
data 1n the nope of having a larger nuber complede the sourse.
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3. Board Appearangeg. All pllots who had difficulties in Cflight train-
ing und appeared before the Commmndant's Advisory Board. (Hote that
this group includes only thoee pilots who appeared bofore the uvia-
ory Board and were pasesed,)

4, ‘gghoutg. All pllots eliminated frowm flight training for poor apti-
tude, not lnecludinz those who dropped from training beauugz of pocp
health, for disciplinary reasona, or for getting married,

AnSULDS

The results will firet be presented in gummary form in oyder to indicate
the major findings. Following the swmary presentation, the rosults cbtained
on each test in the battery will bs discusssd. Ae mentloned on page 2, it
sosmed advlisable Lo divide the data into Parte I and II because of the dif-
ferences in the populations studied and in the experimental oonditions under
which the tests wore adminlgtered. Part I refers to olasses 147-151, in
whioch thereé was a large proporilon of oollege students. Part II data are on
olagses 152-161, in whiech many of the oadets had only a high sahool edusatim,

Summsiry Results

Tables 3 and 4 present the moans aad standard deviations for esach of the
tests with the subjeats grouped acocording to the criferion classifications
dssoribed nbove. Tablos 5 to § present critical ratios ¢f the differences
between means and P-values baged on ohi-square comparisons betweon tha ori-
terion groupe., Comparisons presented are between (a) Successes versus Wash-
oute and (b) Good Pilots versusg Woshouts plus Board Appearances.

An examination of Table 5 phowe that 1z & group of psyochological teste
"the following have a critical :uiioc of 3,0 and above, or a P-valus of 0,01
or less, or both, in either Part 1 or Part I, with the other Part not in-
conslatent:s (1) Ohis Test of Mental Ability, (2) Eye~Hand Coordinatlon
Test, (3) Two-Hand Goordination Test, (4) Kashburn Seorial Aotion Test. This
shows that these teste offer promise for seleotion purposes. Other psycho~
logical tests (e.g., Minnesota Faper Form Board, McDougall Dotiing Test,
and Ataxiameter) used in thie exporiment do not show a significant differ-
enoe between wanhouts and succesnful candidates, sither by interpretation
of the sigmificeance of the difference of the meana or by interpretstion of
the P=value of the ohi caloulatlon.

Table &, whioh shows the diptinotion between good pilote veraus wesh-
outs plus board appearances, again seleots the three psychomotor tests oited
above, though the result on the Otis Test is noi as good. The mechanieal
aptitude (Minnesota Paper Form Board) test showm a low P-value in this table
for Part I, but there 13 no significant difference between the selegted

36An intercsting analysis of the gpecifis reasons for failure, as deter~
mined by an interview held just prior to ths cadet's appearance bafore the
Commandant ‘s Advianry Board, is presented in Appendix D,
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FITOAOLOAICAL TESTE —~ WRAND Al STAINARD DEVIATIONS

Toxts snd Interorshatlons

Hehal. 4bh)aky (Otde Higher)s
Bigh @oore indloates superior

partirmanes,

Naghanignl, A idaa -
Fornm Board,t High soores indi~

sotoa gupsyior perforrmnce.

&th;aﬁzgaaggénzzmznh_ﬁznazn~
dikg-feligv,c High soore indi~

oater superior performance,.

Byo~i- : Joors
ia based on the mean of 8
trinlag lew soore indiontes
superior porfcrmanos,

Ixp-tiand Coprdlnption: Socre
io based on tha mean of 4
trialtey low poore lindisataes

suparior pariormanced.

D 3ar hotfon Taghs
Jcors is expressed in minutesy
low 3g0rc indicates supsrior
porformancae .,

Datiing Togh (MoDougall)s

"Seore 1s based on the mean 3
trinlay tigh sgore indloaton

superier porformanca,

Part A = The Slow Stripi Blgh
soora indlsates auperior per-
forranage,.

Part B -‘Tha Fast Strips High'
aoore indicatos aupsrior per-
forounoaa

Grsuns
Good Filote
Sugncssen
w&ﬁh -e" B-} Ao
Waahovta

CGaod Pilolo
Juasanon
"&9}1 b& Bu‘an
Waohowh o

Zood: PAlots
Sugoesnag
Wash.& 3.4,
Waghovia

ood Filote
Suaeengss
Waﬂhuﬂ'— B- A,
vaghow':s

Gnod Pllota
neneson
viagho& BLA,
Wmphout g

Good Fllote
Succcuies
Washst Bl
dashouts

Good Pilots
5u0c9n j08
11?35119& EIAQ
Washant s

Goond Pllots
durocenpag
Vash & B»-lu
¥ashouts

{loed Pllotws
Susosases
'i{anh ,ﬁ B .A -
Waghouts

Part 1
(cinsses 1347-151)
L, AfER Rigmae
275  52.8 8.6
W0 52.) 8.9
A 48,7 10.0
33 47.2 9.4
T8 4347 7.8
306 43,5 8.0
63  40.8 2.0

5 ws? 854
293 45,2 £2.0
318 45.1 21.9

&2 397 22,9
3 6.8 21,9
103 69.8 8.3
336 69,8 8.1
0 TL.9 5.7
37 73.2 6.4
303 57.9 11,9
331 S8, 12,0

73 63.4  1l2.l

39 WY.3 9.8
303 5.8 0.9
135 5.8 1.0

2 6.5 1.2

39 6.7 1.2
00 216.5 26,3
333 235.7 26.9
7y 208.8 26,0
37 2u2.5  20.7
273 4£30.3 52.4
308 a27.R 81.2
61 395.0 32.4
32 336.% o
275 325.¢ 78,8
305 322.6 76.4
62 2894 75.6

PRS0y s SEMR ST
SR ER
s 2w

Part 11
(slasgs =165 )
X Eiig S3rmp,
264 45t8 9&2
349 45,2 Fe3
186 43.1 10,6
100 42,3 1,6
237 42.9 8.4
I 42.9 8.3
185 41.6 9ol
101 ‘01:9 9#6
Test was not

given in Part 1I,

97 691

2.6
124 69,8 9.8
88 73.4 8.4
71 7‘1«0 ?IG
270 68,5 12.2
321 68.7 11,9
140 72.0 11.3
8% 73.3 11,9
323 5.6 1,1
366 5.7 1.1
120 6.1 1.2
77 6.2 1.3
350 208.9 24,7
432 209.2 23,8
174 207.6 24.3
92 205.1 27.6
Tagt wag nct

aearad in Part II,

Tost was not
agored in Part IX.



Souta and Interarotations

Parts A end Br Higzh ecose in-
dloates superlor porformange,

Y3 Amoumt of
body gway in millimusers. low
acore is favorable, Meanr of 2
resdings with cyea closed.

Anlaelkepin s

Eikonometer: Sgors iz sum of
sige diff, and slze limits in
either the norisontal or veore

tical meridlans.

Lest Rooms Score is the sunm
of the regponae score and the
plene lens test asore.

Frontel FPlane Apparatust Socre
is sum of ourvature detorained
by rodss responss to distope
tion of lemsee; ascattor of

=35=

TABLE 3 {ooxtinued)

Sroyvy

@ood Pllohe
Suagessos
Wash.& B,A.
Wushouls

Guod Pllute
Suocgasges
Washod B.4.
vashouts

Good Pllote
Susggasaes
Wash.& B.A.
¥ashoute

Gaod Pllots
sudcesse?
Varho& BaAe
¥achouts

Good Pllote
Succagsos
Wagh.& B.A,
kushouts

data and its displucemont from
normalj response o cycle in-
congruities and to varlous eys

lensesn.

:nldbar ofhviéﬁal fixaticns per
line. Low soore ias fsvorabl e,

is favoradle.

tiont Soore iu mear

Low Score ig favn“ableu

; Y1 Scors
1s mean of 4 readings in mi-
oromillilambertas. Low goora

Good Pllots
Sucoeagen
'l-:-ff.uh g& B.}Ag
Jashoute

Cocd Pilots
Succepsen
Wﬂﬂh wik B,;.Ag
‘achout s

Good Pilota
trials‘54auosnaa

tash.& B.4.,

Viaahouts

Test wng nut

( Part I
clasgeg )47-151)
N, Mean  Siewa
292 763.7 143.3
302 7156.0 141,
60 698.0 134.6
30 0690.,8 148,3
304 438,8 118.6
33g 441,%9 118,6
68 452,17 107.2
35 435.5 96,3
213 1.7 1.6
245 1.7 1.6
60 1.6 1.6
33 1\96 1.6
206 4.3 2.7
232 4.3 2.7
58 1.9 2.3
32 3.7 2e3
81 2.6 1.6
97 21-6 101
39 2.3 1.9
14 2.3 1.4
289 8.4 1.7
318 8.4 1,8
61 8.3 1,8
32 8.2 1.4

Ziven in Part I,

304
33
70
37

23.4
23,6
241
23.6

" given ir Part XX, -

e £ 5
0

: !

i

v

Part I1 5

( gas - ) *;
AL B e
Tast wae not 3_

acored in Part IT. ;

329 404.1
46 4071
190 416.3
103 414.6

112.9
0.2
1096 .}
116,8 ‘@

' 1
B e DML -
3. ..,‘\?;‘r‘!&:b‘ -

Togt was not
given in Part 1II., .

Topt wan not ~;S

Test wne not
given in Part IIX,

Tost vag not - -
glven in Pant 11,

&5 2.07 0“1 hﬂ

143 2,06 - o,;aaa
169 z.08 0%
91 2,10

0e23

335 1G.6 7.&

423 19.4 6.2
194 16,4 8.3
106 18,3 8.2

E
- e = L.
- '_i‘,il.?‘_r RRENG LT

ok
P
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TABRLE 4

\

PITYSTOLOGICAY, TPESTS - ERANS ANL STANDARD DEVEAYIDGS

Tents and 'Interpla‘!:ations

Taenl Matabolic Rete: Normsl
rangs liss between +156 and
«16. Pazad on two runs of 8

y < mimrtas darations

Taal M:;{Body Srfaces I'igh
Talue is Paverable, based on

. 2 runs pf 8 mirutes durttion.
- Saorsd in oubls centimeters.

vital Capaoclitys High wnlue is
Twvorable. Scora is expresaed

Tin aubls centimeteras.

_ ¥itel Capasity/dody Sarfeces

Tigh veine 1c favoreble,

_ Soore 1z expressed in oubla
. ugntimntawu

Sehnelder Index: Hipgh socis
Te faverabls, osores rango
from +16 to +1l. Soores bolow

© 4T are considered abnormal,

Tilt Tatle Tuwt:

. Syst. Blood Preseure (reslin-
ing): Score lz mean of ©
raadinge. Taken in horizontal
position bafore subjeot im
tiltac,

Diast, Blood Pressure /rsoline
ing): Soore is mean of 5 ro&d-
inges, Teken 4n horiromiul po-
- gitipon vefore helng tll:2d.

Pulae Rete {reolining): Score
. is metn of 5 readings. Taken
in horizontal positien hefore
piblect iz tilted, '

Grm:E )

Gond Filots
fgseawead
f\"hﬁha& FIAG
Tasghouts

Jood Piloks
SusocsEes
Tenhed B AL
Taaheoute

Gogd Pilota
SucHEE 08
Wash.l: Lo A,
Tashoutes

Gogd Iilote
Susadnges
TRah.d BA.
Washou®in

Gord Filots
Suoseagsn
fiaghe& BoA,
Weshouts

Good Pllpts
Sueasnnea
Feeh»& B.A,
Weghaouta

Good Pllots
Suaeas s34
T#phal Boﬁ,
Tanhoults

goed Pilote
Susoocoess
Whﬂh.& R-Ll
Weghouta

Pa:t 1 Mart IX
{olasses 147-151) (olasdss 162-165)
T Yein  oifms N Hean  Sipma

203 +1)u8 1.7 308 =3.9 10.0
28 “"{)QB 12-'!' 382 "‘03 10-3
g8 wls2 12,6 168 ~$.8 11,56
e w(in 9 12,7 94 =5.6 11.7
2oz 3Tl.D 12,2 304  40%.7 132.7
J&1  B74,7 LZ0.6 381 481.2 132,0
70 36,7 L¥.0 173 482,55 120.4
38 381.7 101.5 98  482,1 124,1
302 B5263,T TOUe.5 01 5189,4 877.3
336 £5263.4 T00.,5 365 618840 6775
T8 51%3.9 684,00 149 5l34.9 TO00H
43 4385.8 300.9 86 5100.0 707.2
257 B8782.6 %18.4 304 2725.8 2Zl.2
550 2790.%3 820,00 %78 2724.,4 3I32.8
76 R742.,B 310.4 168 26066.,2 332.8
£3 2683.8 Z2T70.4 02 2680, 32%.2
305 9.8 a8

%37 Nab d47 Test waa not

89 97 $.,2 glven in Part 1Ils
37 Fed Jed

IR 115.3 8.0 132 116.0 8.0
336 11j5.1 BoD 208 114.56 B.b
0 1i5.4 T2 154 114.2 B0
37 1l7.8 623 8BS 114,.8 8,b
2 TO.T Ted 1E2 573 Be3
354 2% ] 7.8 202 67.1 a4
&g €97 8.7 LlEGB 67«5 88
37 Tie7 7.0 &8 GB,.0 6,9
302 63.3 B,2 136 5342 .4
385 €6.2 8.7 208 £2,1 1l.1
70 £3:1 7«8 1568 E2.7 10.0
a7 £8.7 Ba2 86 85.0 Ded




Testa and Intsrpretations

Pulse Pressure Changes Minug
value means pulee is greater
after tilting than before.

Pulee Rato Changes Score is
ai¢f. between highest P.R,
during tilt-up interval and
ave. of 5 readings before tilt.

Swmlleat Pulse Pressurer Smalle

est differemve betwsen systolis
end disstolio B.P. during tilt-
up interwal,

Time to amalleat Fulse Pressure:
Soore is time between begimning

of tilt and point at which
smnllest F.P, goourred.

Startlo Patterns

Awve. Control Bate Bafore Starw
tley Soore is average rate for
6 sooonds Yefore startle.

Rate O=8 380, After Stertlei
Soore is average rute for 6
sessonds ufvor startla.

Rate 8-12 Ses. After Startle:
Soore is aversge rate for
6=12 seoonds after startle.

Rate 12-18 Seo. Aftaer Startlu:
Soorc is average rate for
1218 seconds after startls-

Somatic Tremor After Stertle:

Total Duration: Soore is oxe
preased in seoonds.

MR e A
S i
~37= ‘ o 5
TABLE 4 (comtinued) Y
Part I Part II ¥
{elannes 147~161) (classss 162-166} '
Groups N Siprm K Mean Sipgoa -
Good Ptlote 293 30,1 10,3 157 26,7 8.7 -
Suscesses 326 30.4 0.3 218 25.8 9.4 %
Washads B.A, 68 20.1 1.1 172 26.4 9&2 73*
Tashouts 36 28,2 11.2 91 26.4 9.8 %
Good Pileta 208 88,2 10,1 1S4 30.B 9.8 7
Sucoesses 326 37.9  1l0.0 218 30.1 9.8
Tiash.s B.A, 668 38,7 9,8 172 28,8 8.3
VFaghoute 86 38,2 10,0 950 27.9 9e2
Good Filota 295 17.8 8,0 138 25.0 87
Suocsoanos 326 17.2 7.9 R16 Z23.0 3.4
Viasgh.& B:.Au 88 19-2 8&5 1?3 32@9 7:9 ] )if
TWashouts 55 21.) 9.2 89 22.8 7.8 .
Good Filots 283 12.2 5.8 147 8,86 5.6 . 0
Successes 328 12,2 5.0 2835 8.7 °  BoB .V
Yagh.& B.A. 68 13.0 6.2 179 8,6 Bab. L
Washouts 36 13.4 6.0 93 33 Bad |
Good Pllots 368 62,4 0.6
Suncesses 412 82,3 10.8
Yoh.é B-}u 103 82,0 0.7
Washouts 59 82,8 9,0
Good Fllots 365 68,8  1l1.8
Successes 409 88,5  1l.B
Weah.& B.A. 103 68,3  11.6
Taghouts 59 69,8 11,8
Gopd Filote 362 64,1 1.5 Startle Pattern -
Suooauses 408 8451 11.4 for fart I mxum
Tieshad B.A. 103 64ed 10,3 alasaes 141-.15&.‘ 53
Tmghouts 59 34,5 948
Good Pllots 357 62,9 10,9 .
Suopessnd 40 82,9 10.9 o
Tashaf B.A. 101 8297 1005 5?
Vavhouts 58 BR.7T Pad b
Good Pilots 370 LB 2.0 =
Suzor9mea ¢i3 ERN 2.0 T
Tash.: B. & lﬂ? 135 1.9 ':’
Thaahoals £ w8 2.4
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FABLE 4 {vo.%inuzd’

Toste and Intorprstatinong

Initial Amplituder Suore is
expregsed in nillinetors.

- Amplitude 5/% Seoonds Afteor
Startler Suoro is expressed
in millimeters.

Alterttion in T-Thvesa

™Mme «f onsel: Soors 15 ax-
pressad iv gesonds.

Yaximen Change in Amplitudes
Ssore is expressod in milli~
‘mOtLOrE.

Poraistenss of T-Yave Changoss
Joors %8 exprossed 1n ssoonda.
T

Gold Fraosacr Teots

Gremtoyt Systollo Changs: Diff,
bebtwesn aysc B.T. befors immer~
sing in loe water and highest
B.P. after 60 seo, lmmeralon.

Greatqst Msstolilie Chanpes DIFS,
" betovaon diagt, B.F. belfore Im~

nexeiag in Soe water and highest

B.F, nfbter 60 80, lmmaraion.

Eleotroomespin Loz

Alphe Index: Ave. of right and
left leads. Ceuntimebtors of Ale
she rythm 1r standard length
of resords

= b

S_pz:mr. i)

Gond Plic:a
SuseasEes
Tmah.& B4,
Yishouts

Soond Filote
Sucoe3dces
MWash.d B.A.
Tashoute

Giwd Pilota
Sunposges
m&h .l& Bu _‘p\v
Teghoute

Good Pilote
SuUcGesE ol
Tiegh.% B. L,
Yahouts

Gosd Pilote
Suvccaask
Mh al'-: E.‘ Al
Tashouba

Good Pilots
SuooaETes
Wagh.& KA,
Fashoubi

Gpod Pllicts
Sun onsnns
Washod B.A,
Waghouts

Good Pilcis
Suncasse:
Taghs& B A
‘fashoute

Part 1
foleasay 147-161)
370 £.4 3.1
413 b.4 8.0
10 gl 4.9
68 £.0 Bol
37¢ 1.4 2.0
416 1.4 1.8
10k b .2
58 1.3 1.2
BTG 3.4 2.0
413 1.4 1.8
12 1.6 2.1
66 .t 2.8
20 03 G4
G128 $#0.3 O-4
12 004 0.8
26 a4 0.8
5?0 *.'2.2 '(a'g
415 é,1 8.0
ixe A.4 B.6
59 6.0 9.8
326 18.2 10.4
336 8.4 10.b
I P24 12,2
25 2.6 10,0
20 2.8 1.8
330 22,8 12,3
40 23.2 10.%
30 2”3 1L-E
290 43,7 Z8.4
b4 5.8 28.3
70 B3.9  £6.3
87  B0.4 £4.2

P 2 ST gy, PR S

& a5,
il

Fart 11
(olumsaes 152-165)

X

lsan

Sia

Startie Pattern
for Part T insludes
classes 147-154,

Tast waas not
glvam in Purt 1X.

Teat was uok
given in Fart II.

63,3
64,1
8Ec9
65,0

(40
26.4
26.2
26.8
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TABLE 4 (ocntinued)

Tests and Interpretations

Alpha Frequenoy: Socrs 1o
oysles per ses. Fracuoncleg
leas than 7 or more than 14
are not inoluded.

Voltage: Average amplituds of
loft and right leads.

Abnprmmlitiess Score iB & rate
1ng of presenos of abnormal
EEG rhythMIo

Body Build {Sematstyping )

Endemorphys Sum of irZ oome
ponent of alosest approxiza-
tion plus lst ocumponont of

the more disgtant aprroximeticns

Hescmorphy: Sum of #xd ecoan-
ponent of closext spproximn.
tion plus 2nd emponert of

more distant approxivatiorn,

Ectomorphy: Sum of ¥rd oome
ponent of ol osest approxise~
tion plus 3rd couponsnt of
more distant apprexiration.

Dysplasias Differencss =mmong
the socmatotypa designitlons
of the five reglone of ths

bodys

P g
L

Fars I Fart I 0 i
(0lanses 147-161) (slmsces 2452185) . %
Greups N~ Hean BSigm K licen Sigme . e
Soud Pliots 260 10,02 0,95 3% . 0.89 0.87 - 4
Sunseagcs 322 9.34 0.8% 400 5.85 D.96
Faghet NA, 60 10,00 0,65 130 ¢€.01 (.54
Yashouts 37 10.19 0,92 66 0,85 0,95
Good Pllotz BCT  52.6 20.3 3458 BU.2 23,8
Suocossss 388  BloS  20.3 414 55.7  1%.1 %
Waghot B.A. 71 52,2 18.8 133 81.2  17.4 f
T shoutr 38  5l.0 1744 67 60,4 16T .. ..
Jond Pi.ots 280 D.39 0.64 247 0.75- 0,98 -
Sucoesses 305 O.38 0466 B2 0.7T 0,91 U
Wagho& B.A. 61 057 0,80 130 0,55 0.8 3
Vaghouts 35 DoG4 0SB 65 0.52 0084 i
C N
food Piiota £98 3ol 2.0 187 3.l 1.7 - L
Suaous 2 328 2a% 19 180 Ga2 1.8 o
Tagha& DA, B3 8.7 1.8 42 6.8 L7
Tarshouts a2 £0B 1.0 23 5.8 ,1$§ f‘
CGcond Fllots 245 BB 1.7 167 %.0 1.5 2
SuscoBgus 223 Ba? 1.7 1BO 9.0 1.8
Tﬂ;"?oghl‘f-‘ r"itﬁn 66 86? 106 4‘9 901 1#? -;__‘YE
Tashoutys &g 2.3 1L.E 28 9.1 1.6 io
Good Pliske 208 8,6 2.2 167 8.3 82,0 - ¢
uaoessis 2R G.8 2.1 B0 w2 2,07 L
YVathok J.A. 6B 6,2 L8 20 5.6 2,1 - -
Taghouts 38 9.0 1.3 26 He7 2.0 L
(pod Pilotas 167 15,0 8.2 | T
Cugoesgos 212 16,0 8.l Teas wae not N
Taoh.& D.A. 44 1G5.9% Be7 goored in Fard iT. 7
Yaghout: 1z ic.4 5.8 L
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DR e Mgy

5 A8
© . MHeshbumy Seriel Action |

N

T LRITTRAL ?Aﬂ"“’ GF THS L -FIE

TEST FOR T

Touh

T ek LA

L Yenbal ARLI4by

{ovi]
Hasharieal Lptitnde
iHinneota)

“ABhletia Ashiovengnd

{Thorrdilka~falley)

Eye-tinad Oeordination
Coprdination

Tost .
Dodtinz (Mmloarsil)

- Cendinious Reastlon

C {agtall
Tamt A
Tapt B

impt: A end B
Brazsnciwbar (Milaew

doleelilonis
SiknuonalsT
veuf Romm
frontal Fiany
Apparatas

ophthetmograp (fim-

tionn Doz li=g;

Dark Adaptatisn (Wid)

Percsptiicon of Theaps in
Pogition

_vsuese. LY (bmo..) = 8ll pilcte axeluslive .0

AR R LR

t_‘l T,I'L J"{JT f\f \'[ TFI A

e A S AT e ¥ o 12t 4 A .

LERCY OF WE ONWOHE AND THEE
W) PISTRIBTILON ¥R STOCLSSES V8, WALICUTS*

Ve J ume”a 147]61 )

Eiwbes

Cven: #ashe {,R.nt Pe=Yolue

o 3T +I.0¥
30 3% 41.87

it %7 ~7 2,19

326 A7 2.96
X e T 5,48
35‘1"1 3(} fﬁ:*&?
83 7 Wl
o0 3B r2.63
506 E2  +Z,.E68
302 ED +2.48
St ? { D87
2 L A R e

282 0 32 . 1.3%
"3033

w70

B R R Y

Umz

s
«RP
.07
00
L0
{a0)
57
o Ofs
« 07

548
238

+49
e 30
232

o« 88

Tagh wng not giron

in Tort i

887 07 <Da0l

239

Wt
-

"=VALUES OF TEE CHI-SQUARE

rart 17 {elasses 152-145)

Huaber on12
Suse: Tash. C.Rem P=Value
342 100 22034 (.01
321 101 £1.91 %6

Tast w6 not glven in Part Il

4 Th 882 (L0%
321 89 3,21 702
365 TT 9,27 .GR

455 5% 41,82 .24

Tzats wers.
ret soored
in Part Il.
418 0§ 0,68 244

Teats were
not given
in Part IX.

szt was not glven in
Part Il
143 91 +1.63 vd?

425 W08 «ll77 w28

Toghabs bub loniuding Board Appearanoes.

Tagaoibe (Tagh.) g “nld pilehs eldinimntoed Jor peor apbitude,

Hote:

earior to thet of the Vashouhs.

A pesitive oritizal :abis danotes trab t‘;a sueonssos hive o performenos su~
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TARLE 6

FoVOHOLOGIOAL TES13

CRITICAL RATIOS OF THE DIFFEREWIE OF YHE WINANS ANL THE P=VALUE OF THE CHI-SQUARE
TEST FOR THE T=O LISTRIBUPICGHE POR GOOD PILOYS VS,
WASHIOL RS PLU2 BCARD APPEADANCES+

Pwzt 1 {alssger 147<)f1) Fart II (olmases 3B2-165)

Fazbor Ohil Fupber Oni2
Teﬂt 3:. P?n Wl &B;‘ ﬁ..-, r}.: an P’!Elﬂo G‘. Po H. &Egku Cn H“m P'-!alu

Mm:ltll).&hﬂity 273 cs +2.06 04 264 e +&,.82 « 09
{Dbis . , g
Keshanieal Aptituds 2rE 63 FL.36 o2 237 185 41,47 aTY o
(Iimeeetn) T
Athletia Aohlsvement - - ey €2 +1:79 W17 Tapt was not given Iv Fuet I1. ,;'*é
(‘Morndtke=-Kolley) s
Eyus-Hand Ceordiration 304 0 FBLRBT <07 a7 B8 $2.7 {.01 e
Tiroolimnd Cooréingtion 804 7 +%,48 01 270 140 12,89 204 o
Mashborn Serinl Astion k3 ) 72 45034 {01 328 120 #4,20 01 *4%
Test L E L
vovting [MoDougall) $00 70 4421 .25 580 174 $0.61 .28 s
Cantizuous Reaction [Unitoll): ‘ T
Fart A . 2fs 82 #8.26 (.00 TeBts Wers P
Fart B 27§ i 8T L04 oot scored ¥
Parte A axd B &i g0 F%.88 o068 in Part (1. CE
Ataxismoter {Miles) Tk 63 F0.96  «TT 520 130 1.8l o34 oo
Avigeikonin, ) : :
Blkonameter 2B &80 Tiul8 o84 Tests were ’ N
Lsaf Rom 208 L6} + 1414 208 nat gi‘r\m F;:i
Fromtal Plane el 30 0,82 12 in Part IX. . .
Apparatus S
Ophthalmnograph (fixaticne 239 61 «J: 44 41 Toat wae not glwwn dn ©R
pas line) Part II.
Dark Adaptation (Mald) Tuat was weh ziwen iv 68 168 ¥0.80 299 ey
Foert 1,
Ferseptiun of Crange in 3364 70 $0.60 .18 33E 184 .38 »08 L
Pesition - : , : _ b
. i . :.‘3‘;:{
Wopd Pllots (G.F, )= ali pile's exolusive of Washiouts and Bourad Appenranocst e “
Teshouss plus Bosrd Appotracoan {WeksFaAs ):- 1) vilota who hed d41fficultier in
flight tiainlng sad appeaped bafore the Commendent's Ad-
vigory Isasd, plus 8211 rilebs eliminated for pooyr aphituda. 4
Feter B poadiive ordtisal ratilo denutass that good pilets havs a performanse sue - H

2

porlor to thet of th+ YT houls and tho Rourd Aprearanoes. |

- ke



FHISIOLOCIUAL TE3TS

8 ettt s

o - CRUTICAL ERTIOS OF LM DIFYFRENGS OF TOW UELES ARD (HE I~UALUE OF THE CHI-
T SUWSE TEST FOR YHE TWO DISYATBUTIONS ¥CR SUGSESSES Vo, 7ASHOUTSs

Tart T (slaggea 1471613  Pars 11 (olasssa 152-136)

R

Turtor chad Tunber Chi?
Tast; Suas, Waghs C.R.m Ps¥alup Suoc. Jesho C.R.m P=Value

Eapel Watebolia Arte V-1 1. B ¢ M o7 S 82 64 D.EB «80

. Tidal AfrfHedy Turface 3% 38 1.30 .82 9L 55 1,46 .55

Vital Cepoodty 335 48 2,75 LOF ¥6E B85 C.B1 .33

Vitel Cepesity/Pody Swrfeoe 330 4% 2.79 s 0E 78 BE  1.69 54
Sohkneidor Index A36  IT .30 a9 Tevt wur not plven in Part II,
Tilt Tetle: '

E;'{'ﬁi ] ’? P. (f@ﬂiini f: . JE5 ar 2.5 el 204 b 0.35 Py LY

Dlastolls P.P. {realininz) 1S S I & 1 2TE 252 B8 0.56 231

Pulam Tats {reciining) 338 37 e 38 281 208 B4 .86 a Q4

Pulse Ireasare Chengs 526 SE 0 1.10 <50 218 91 0,23 234

[y Palga leta Churge &6 3E .19 15 216 80 1.89 »86

_-,;]‘ - demllect Pules Eresware b v - J 2,38 224 215 8y 0-313 ~ B8

% - Tima to Smalleet Pulse Frume U006 35 1.07 08 233 93  G.& «07

- gartle Pettern:
e Tates Aftor Startle: *
’ Contrel Rate Al2 02 .23 nOd

05 sez. alber 450 a9 D77 i I
Buwl? ners nitar 408 59 £, %0 258
12.1E aso. efteor 400 F8 017 » 53
Scmatle Tremor; :
Total Dupation 41% B D70 o &C ohertle Pattern for Part I
1 Tastied Amplitude 433 £ .28 6 TE Insludes classes 147-154,
- Amplituds 3/5 seo. aftes ot. 416 B8 .15 .39
: Altaratlens 3n T-Tavess
T4me of Cnast 413 BF  2.01 P45
Mex. Chanze in Amplituds 413 B9 0.98 78
Poreicteras of T-Wave 413 B9 .70 2 B8
Cold Preseors
Greetect dystoiio Change 338 20 138 0l . -
Irentect Diastolls Cheag 3 BIG B0 2,26 .nc  [o%0 Wes a0t glvan i Fart It
Elsotrogncephalsgram: :
- alphe Index 332 I 0.l EY 413 85 D.54 <64
Alphs Frequsnay - - 322 31 1.5 + 58 400 86 0N.B4 429
" Voltmgs 358 BE 037 328 £14 a7 C.t2 2l
Abnasronlitics 305 I8 1.38 203 e 83 1.7 217
Body Build {Somatotyps)s ' '
“Trduamor phy . 28 56 B,19 o4t 186 26  1.358 W50
lasmomorphy . 523 33 Q.48 .1 isg 26 0.%2 o 54
Bavanorphy 328 % 2.47 o 180 28 1l.1l9 »18
Dysplasis 212 2 0.3 oB2 Test was not soored in Park lh“

“ siuooesees 5 &ll pllots ezclusivo of Thmsheutz but lesluding Board Appsarancer,
:rr Washoute = all pilots elimirnted for peor aptituda-
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TARLE & E

PUYSIVIOZICAL THSTS ’ ”iif‘

CRITICAL RATIOS OF MIE DIFFEQME OF TIR MBANS A0 ik P-YALUB OF THE CHI-SQUARE ms:r T

FOR THE W0 LISTRIAUTIONS FOR 500T PILOTS V3. WASHOUTS FLUS BOARD APPEABANOES® 5“

vart I (olaases 147-161) Part 11 {omamu 152-165) T

e

Nmnger Oh3? Msber ﬁh!.z Lk

Tont C.P. W&fho C.hm PoYolug G Fo Va2B.A, CuRem ‘PoVolud i

Paeml Metaholie Rebw 298 B8 1.35 .40 308 168  0.87 - BT Ul
Tical Alr/Body Surfe o 299 70 0.3 .04 S04 17T 2.20 L0% . EY
Vital Capmoity 202 78 1445 .08 301 148 0,78  WTX 0 %
Vital Capaoity/Body Surface 297 78 G.32 .38 304 166 1,22  .BS - %
Selnelder Index 303 80 D.2%5 .18 Test w2 not given in Peyi II‘-L}:
T41% Tebles , X
—Syetollo B.P. (reclining 02 TO  CGa.03 L76 132 164 O.T3 .9-5 A
Disatolis B.P. (reviiniag) 302 B9 1a0d W32 152 1668 0.31  .4¢ g
Pulss Hate (reclining) %02 0 .03 6% 188 166  C.40 «8T -
Pulre Pressure Chana 293 €8 0,70 Lb8 187 178 0.28 184 o
Puise Rate Change 293 28 %.11 .71 184 172 1,73 L0¢ ik
Srallest Fulee Pressurs 293 38 1.70 .34 158 172 . 0,20 «TB i

Time to Smallest Pulce Pros. 203 88 1.0 L1B 147 179 0,29 - o4& -
Stsrtle Patiem: i
“Euke After Startle: S
Control Pnte 868 10z Cadl 98 o

Unh @20, after 1.1 103 Oqﬂgl 87 JJ":"

6-13 seo, after 562 103 C.Ma L8y R

12«16 seo, after 367 101 C.%5 .96 Lok

- Semutio Teezort ‘ Stertle Pattern for Part I - i
“otal Duretion e 32 Cl.0o L13 lnoluden clagsss 18%7-164.
‘nitial implitude s70 10l (.84 .33 A
jmplituds 3/6 seo, afbar st. 370 161 .30 W72 3

L toaratlens in T-Taves: E]

Time of Cnset 370 102 0.¥§ B8 ki

Vez, Change in Amplituds $70 W2 1.4k 61
Yarsistorce of I-Taiver 370 pg .7 <15

Cpid Presgors - -
“T-antest Gyebolie Changa 325 Iy 4.30 L1l e FT
Graebest Diastolls Zhamge 320 4 1.50 .4 2 et was not given in Put Zl.o
BElantreonsoshalopre .
“AIpha Tnde 299 7O 1.47 .45 S4B 132 1.00 | .62
Alphs Freguemoy 290 85 Cel? .33 356 180 0422 B9 -

! Toltags 503 1 £.3% .94 348 133 1.4 .66
Abnormalitles : 280 61 T.38 W18 247 150  2,i8 W08 .

Body Build {Somstotyrals fi;.
Endonorphy 296 68  Lo(8 .82 167 49  2.61 204 i
lnacmorthy 296 68 Ue2b <48 187 49  0.48 287 b

~ Botemorphsr 26¢ 63 0.5 ,01 157 o 2,538 .03 i
: D.replaeia 18% 44 021 T2 Tost wss not soared in Pert n;%
‘ »ned Pilots g wll pllote 2zelvsive »f VRshouts snc Boerd Appearancod. | fi
: Eoard Appoerancee = 211 pilote who had difficultiss in flight training snd eppeared  °
before the Conmupdantle 247isrry Beard. -4

Toshoute = all pilcis oliminetcd for poor eptitude. H

.
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PRULLUE 7 CHI=EQUAKE  FOR DO 60 VLYOEOLOOICAL &30 FHYSIOLUGTCAL TESTS
{Tha deta show & cmaperieen of resulus obtained
with wnd without weshouts in yarst pepeletion)

.'A'h’“_ [

LT

b
M)

Fort I Part II
T T Weghouty vise Shouts Ta.
Sueondacy arent Swaneszes Parent
kS Psonologion Tests vee Weshoabe Disteibutdon  v8, Vashowbs Distribution
Mantsl sbility (Otle) 0B ¢! £00L {01
;- Yinnageta Papsr Form Boored - 29 7. o5bh « 0B
© - Thorn HimeRailoy Athl, Ashiew. #OF W20 Teet wms not given in Part II.
‘Tye=innd Com-éinetlon 105 a7 {gol « 04
' Iwpeland Coordimativn 02 204 {0l {02
Bashtarn Sepriel Actium Toat <01 £+01 <02 +08
Do ding (HoDougall) »5F 59 024 22
Cortiguour Resohilen (Cattall)s
‘Poart A Q8 + 47 Test was not
Port B <07 243 - sapred in
Pazte A exd 3 13 -5 Part 11,
Ataxiarator (Mlles) <85 289 o 44 &8
Ophthalmograph (fitatisne/1ime) .56 53 Test »as not given in Pagt 1i.
Parozp. o8 Change in Pasltlon .8 B w2B o T2
Itﬂ Physiglogienl Testes
Bapal ligtabollo Rate «TH o438 »30 266
‘P4d8) Aip/Bray Surfese Bl <034 286 . <80
Tihl G&p&ai‘!}'ﬂ' Q8 + 39 ﬂﬁs 028
Vita) Capesity/Redy Su:faac 206 + 33 o B4 »
Eghtir ider Tndax of Hetrosivov
latory Fitnoes <85 203 Tast wac not glver in Part II.
Tilt Teble:
© Pulae Fressure Changs » &0 N3 2084 #*
Pulae Bnte Chengs -98 o T8 23 *
Sreileal: Fulee Fresoure <E4 23 268 .
Thxa te dmellest Pulse Fres. » 08 <08 «07 48
Elsatrremoapnalogram:
Al{‘l& Index =Tl o % + 54 P
. Al'phf. quw:f « 38 W BE +29 &
Voltege 298 . 83 528 *
Abnorislities 208 Pl 217 »
Svemtotypeas
Encomoyphy = 83 73 ~e9 »
Heeomorphy - 30 23 - 04 *
Eotomorphy <80 <76 2138 ” .
Dyvplusin +92 .BO Teat wae not soorsd in FPart T

ot cunputed for thees terbs In Part II.
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group and the others in Pert 11,27

As n group the physicibgioal tests did not diatingu:l.ag the washouta from
the successful plilote as well as the paychological testa. 8 {See Tables T
and 8.} None of the couwperisons obiained oritical ratios of 3.0 or over, al=
though in Part I tho test: for Vital Cepacity, Systolic Elood Freasure (re-

olining) gave critical rui’os of 2.5 wr above when the slgnificance of the o
means was tested, i{see Table 7). Tho respulte, however, wore not verified
in Part 11, and ths P-values were too high throughout to oredi® the asswmp-~ X
tion that theas tests, aa given, distinguigh washouta from successes. It ia S
known, however, that thers 1s wice warlaiion in thess teste for any one indiyi- Ty
duai. The measures used sro accurste for vas time of mewsurement (i.e., 470 TR
acourate measures of blologionl instants), but cannot be conaidersd as truly T
charasteriatio of the funelions memaured over a loug period of time. It is ks

poasidble that betisr selective results might have been obtained with the phye=
iologleal teats if the rsliebility of thess inemauree had dbeen improved by
ropoating the teagts on each subjact. )

Tabls 9, which comparcs the P-valuos obtained from the comparison of Suo=
cesges va, vaghouts and Washoats vs. the Total Population, shows that the four
tests selocted on thz bagis o the two-by-n chis and the comparigon of moans -

v Togaadl e
P A e

(see Table 5) are alac the ones which ghow low P-valucs when the ohi calcula=- B
tion is made by ocorperipon of waphouts and the parent population, The two k
methads of saloulating shi=sguare roquire slightly different interpretations.

A Pavalue of 0.0l in comparisosn with perent pepulatlion has the wory simple .
and direet meaning Lthat a ranlom selsotion of the same number of pilots aws L‘_}
are oconteined in the washout asslaotion would dy chance differ from the parant #
population to this oxtent omly once wu’ of 100 times. The same P-valuo rep= z
resenting ths other type of chiesquare (Suocesses 7s. Washoutn) indloates that , 2
two independent sampismof thege sizes wauld differ asp much as do the two belng i
studled only once out of 1J0 timas by chanve. - o
This teohnique of soaparing the vasacul group with itan parent distribu- =
tion was chosen ag & methed for preynring the way for a nultlple use of ohi, R
Omly those tests wors seleated which truly dla%inguimhed the washout group A
from its parent univerae, . Tlg
0 Multiols Ghi Teshnigus.>’ Further amalyeis of the data %

has been made in an atiempt to soloct the best battery of testa from the to-
| — v . F"ﬁ:

37The Continuous Readtion Teot {Cattell) shows high critioal ratios and rar

low Pevalues, but thig differanse is not true of washouts alone and cannot be il
validated by %he rosulis in ths Part 11 wsamnle, E

A

. 3024 ehould be notad that the rigorous physiocal examination given at +he
time of selestion of the appllounts might account, in part, for the negative
repults showm by the physiologiosl measurass used in this study.

39Fransen, Raymond A _method for gelesting sombinations of tests and de-
tormining tholr best "aut-off® pointg to yisld a dichotomy most like & cate-
8 . Washirgton, D. Sc3 O:4-A. Divieion of Research, Report
No, 12, March 1943,

LR
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; TRTIRGORUBTATIONS OF "HE PSYIIOLOGIOAL THSTS

5 {# 2rd ot

: 1 @) & (8 {st {8y (m) (8) (%)

= {1} Kye-Hand

. Conrdin R

i nation o

{2) otis Test v o1a1 ‘

of Mepta’ sia 225 "

Avility

. {3) Abuxiar » 170 W00

7 - myter aka 25 165

. (4) Tro-Bard r 285 246 088 ___

‘ . sta 270 %58 138 .

2 (8) f;"g;ﬁ;ﬂ r 053 130 1S3 O4L .,

o in Posltipn OF® ®CY 180 3IE 123

s 8 iipea r 208 230 126 297  ol3

o Aotion ete 262 LT 284 543 154

L - r o 20Y 0Se HTr 170 G0 278 ____

3 (7 Lotting ete 246 23 L6 563 . 26C 8%

» (8) X

- (8) I:i’;"f‘:’;:gm » 108 38C  OE8 526 006 258 lee

e st 204  S3F 115 274 157 38T 289

. (o) 123:? KBt 006 127 %% 156 127 048 a108 005 .

j athl pohiey. P4 157 217 144 23t 277 207 171 z08
'y $73 w6 $71  S7TL 373 374 371 336
Mesn 70 B2.2 445 59,3  25.1  5.07 216 48,1
£ ma Fo? a7 1187 11.9 .4  3.03 26.2 8.4
Motes The decimal points have been cmdttsd in presenting the correlations.
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tal used. A drlef ocutlino of tho various procedures used and a spumary
presontation of the resulis obtained ars given here. Only a few of the
more esgential points will bs discussed, the details belng presented in
sepurate reports on €lle with the Committee om Seleotion and Training of

Adroraft Pilots of the Nascional Regearch Coumoil .40 The prosedures m&q -

were as followax

1. Correlation of each of nina psychologlcal tests with every ather,
somputing Potk r's and etag.

2, Determiration of the significance of the differences botween the.
distribution of acores of sslected groups of pilots and the die~
tribution of soercs of the parent population (using chi-square).
The seleoted grouns uzed werss {a) washouts beccuse of poor ap-
titude, (b} pllot. who had board appearances dut were not washed
out, (o) washcuts for reasonms cther than eptitude,

3. An analysis of those tests which dlfferentiated these groups in
order to dotermine efflclient "cut-off" points (by use of chi)
for elimicating wushouts. This inocluded a deterrilnation of the
reliability 2»f tho ohi obtalned from warious gut-off points,
using random halves of the muterial,

4. Consideration of sombinations of ihe seoleoted tests to determine
a dattern of cut-off points with greater 2fficlency than that
provided by any cqe tost alone (multiple chi),

Inspection of data in Table 10 ghows ‘hat both linear and curvilinear
relations among the tests are low, The highest relationahip is that be-
tween the Otls and Minnegota Paper Form Board Tests with an r of 0,36 and
an ata of 0,319, The Mashburn Serial Action Teat esores correlate mogt highly
with the asores on thae cthor teste, the etns in thle oase belng olose 1o 0.3
with every other test, exisept Perception of Change in Position and the Ath-
letic Achievement Test, axd theosa wers found to have doubtful sampling oon-

slastenay.

Reaults obteired ror ‘ha P=valus of shi-aquars have been summariszed in
Table 9, whore they are listwd in comparison. Using as the level of signif«
joance 0,01 for ths Poveius from the i{wo=by-n analysis amd 0,05 for the P~
value from tho other ond-:zquars, it is seen that tho Otis Test of Uental
Ability, the Two-ilaud Ccordination Test, and the Mashburn Serdial Aotion
Test consistently provided the best differentiantion between washouts and

succennes,

A0Fransen, R. and ¥2’arlamd, R, A. St tioal ig of data ob
ngmml aviatorp Parte I and IT. (In two wo R
Fransen, R., MoFailand, ii. &., and Grayblel, A. Statisiiocal lyeis of the
i1t table teuy of cardicTagoular efficliency im the ngagi E Euﬂ.i of navg
m; anzon, Ro and IlcFarlu.nd, Ra Ao ) -

s rar and gons .Dt meagu '_ i
F'.lnal repurta to the Gomittee an Selection a.nd aining of Alreraft

Filote, 1942.

) F
v kg Wt

BTN b e e

e -’i‘”&‘:‘”‘ o,
bbb

. ‘; . '
P 1 n

ey

v

PR
B
LR R

3 tder b, -

w T}:‘k

Ve
Mg STt

T

o VS



® TEeRdl bl

. ?;LA‘ LR Y k: u‘&—?'?-&;?ﬁ(j ﬁ:}» 5.
- e T - B

Ty

The next problem vorsidersd vas tho mpeaific one of aﬁplying a battery
o the Loste $0 an effioient slicination of the zudets moot llkely to fall
in flight training. The aspumption wade wra that it was noi necessary to

‘identify degrees of skill throughout the whole ramme of fiying effioienay,

buat rather, to differentinte between two groups of cadetsy 1.0, & group
wioch passed £lizht training at Pomsacoln end ma¢liier group whish failed.
The multiple ohi %eohnique was used for this purpess. By this tochnique, -
aoveral points were loocatsd in the distributiose of the pcores of the Otis
Test of Mental Abllity, ths Two-Hand Coordimation Tost, and the Maghbum
Serisl Action Teet bslow g}l *hreo of which it was prebable that a larger
proportion of potential washouta than potenilally osuceagaful pllots would
fail, The following cbjective was used o8 n basls for determining the
failure polnts on the tests: to eliminate a maximum number of wmshouis
and e minimum number of thoss who would pass thofir £light training cqurse.
After applying this toohnique to the sepurate payts, 1t was found that Parts

I and 17 could bs combined boosuse the petterns of failure in the 0tis Toat

of Mewtal Ability, the Two-Hand Coordinaiion Twet, and the Mashburn Serial
fotion Tast, in combination, showed surprleing consiatency or similarity,
Varicus rejoction levels were obtained and are akown ir Table 1l.

in all but ons of tho pedrs of porcentagos the wasacut proportion is
between two and three tires s large as the propertion of non-waghouis,
The goubluations of Two-Hand and Maahburn Teats and Otle and Two~Hand Tests,
with Pailure pet st -0,1 slgwes, will eliminste half tho washouts and ons~
fourth of tho remsiming ondeta. If asuch & propariion of unnocsssary rejec~
tions is too extravagant, the Otis, Two~Hand, and Mashbura Teste, with

TABLE 11

CHI FOR FAILURI ON COMBINATION3 OF TI3TS
{Parts I and I} combined)

Pergant le

\ . Remmining

Fuilure on Togts gt dgshouts  _Cadete
Two-Hand and Mashburn 5ol7x 3 25
Ootis and Two~Hand PR vVAL 49 26
Ctis, Two-Hand, and Mashtwrn 4,70% 36 u
Otis and Mashburn 4.43% 46 22
Tyo=Hand apd Maghburn 515 38 13
Ctie, TwooHand, and Mashburn 50334 25 5
Otis and Mashburn : 5,684 32 12
Otie and TwoeHand 4,444 27 16
Otis, Two~Hand, and dYashbwmn 4,614 32 12

Dtis and Two-8and 4,224 43 21 .
Otis end Mashburn 4,124 49 19

#Failure lovel z «.1 sigm on all 3 ieats-

#Failure level = -4 sigma on all 3 testa.

#failure level ¢ ~.1 sigme on Two-Eand and Mashburn
l.l.'ﬂ "a4 on Otﬁ.ﬂ
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frilures at =O.4 sigre, will eliminate 257 of the jotential washouis and
only 6+ of the potonmtisl pllota. The Ctis and Mashburn Tests if oombina-
tion operate best when ~C,) slmws is the out~c¢{f for the Mashburm and -0.4
slgma for the Utis, Then the rajeciec group insludas two-fifths of the ' -
washouts and only one~fiftk of the desirable candidatea-. S
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When elther two or three of tho abuve tentz are uged togsther in dater-
mining a out-e{{ point for eliminating candidntesa, the proportions thus elir~ X
inated ars effivient eand economical, bsiny about one=half of the potential :
washouts and nct mers than one-fourth of thone who would be able to paes the L
gourse. aAn lmportant advartage of thia fcorm of analysis is to show the degree
of compensation that exlets among the various ceets, From the P-valuos pre-.
viuusly presented for the peparate tests, it 1s apparent thut all of the teste
mentioned above are related to the probebility of being washed out. But thay
do not indicate whotker fellure in mental ebility ls compensated for by sue~
coss in ps/ohomotor teats, or vige verea., If the analysis described above la
uged, it ie obvious that compansation dces exlst; fer exawple; boing low in
psychomotor ability but high in avorage intellizence dosa not predict rejlee~ ok
tion nearly as woll as being low in both traite. Likewiae, belng low in intel-
ligence but high in paychomotor ability does ret prediot fallure as well as

belng low in both. Thus, it is posslidblc to shos that compeusatlion exists be- .i;?
twaen two or more teatf 1 the criterion of failure on all tests olimimmtes a. - “13¥
larger number of washoutd and & smaller numbsr of those who ghould complete - = ' X

thelr course than does the criterion of failure on one test or the s3oomd or -
the third, ete.#} o uE

NESSRY

DIZCUSSION OF RUSULTS OBLATHED FOR BACH TOST

In the following paragraphs, a biief gtuterent will be given of the find-
inge obisinad for emoh test wiih specinl refereace to the follewing fastores
{1) the extent to which the teat differsntiated ihe good pllote from the
washoute, based upon the oritical ratics of the difference of the means and
on the P-values of the c¢hiwgquare teot between tho two distribuitons; (2)
steps taken to improve the apparstus and proczsdures for administration of
the teats; and (3] epeclal nonsideratic-s i Lre uge of oertain of the phy-
eiologionl testz. The distridbution tables for osach iest and various c¢lagei~
ficutions of moci and poor pllots, too axteusivs <o include hers, are avall- Sk
6ble in a separate repsrt on file with the Coundttse on 3election and Train-
ing of Mroraft Pilotes of the Natlonal Rescarch Gounsil. 4 number of these

b A8 oty o

W

R
ey

iy e

distributlons are presented in Appendixz = cof thia report. _" 2
A
The Paychological Tecte B

1. Personal ant Medioal Higtory Questlonaalrs

Fergonal anc Medical History Questlonmaire. The results from the quea- -ﬁi
tionnaire relatine to the lamily background, persenal and medical hiostory, <1

415ditor’s Note. The elimination of only thoss who fail to peas & quke v
ting score on both of the two tests {or all of n tesis) 1s the obvereo of Sk
the pruatice of elimimating those who fall tc pege a ocutting socore on any . TR
one of tho tesis in tho battery. A further dlecusslon of this concept of . . R

compensetion and »f the principlea underlying the applioability of the mul-
1inle chi toshalgue in evaluamting the componaatory relatlonships wmon: %oald
1w found ins #ranzen, Raywond., 0Op,oit.



sonvironmental Jnflusnce, aducatlon, and vooational &nd earonausical inter-

eete have boen tabulated in terme of ihe nutber anl pacesntage of those wne
mwering vosh question. Thie Informatlon for Suvcesmes and Jashouts is glven
1n Teblag A=l through 4~%5 in hppeucix %, The results =mre too extenaive to

) gommant on ln detell, Informetlon in regarl to any of the spooific iiems

4 may be shitained froz the suwminrie: in the table. An nttewpt was rmade 4o

' determine whioh quoaticng lu She varicus iteme ¢ tho cuostionumire shewed
6 sluniflcent differsnce In vlinracterlzing the sieceeses and washouts- The
oritorion for significance jmy the difference in percsntsge divided by the

sigon of tlie differsace. Resulbe ars tabulatsd in Table A-6 of Appondix

A #hore items are shown in which the critical ratlos were 2.0 or above,

PR W

"I1, Paper amd Fenci! Tuate

Monial Ability {Ctie nighner Examination). Tho resulte obtained with this
teat wers rather promiasing. It Qifferentisted the puscesaful pllatsy from the
washoutz better than the other paper.and -panoail tostp, {sse Tablos & and 6},
It is recoprnlzed, howerer, that sny menersal test of latellipgsonce or mantnl
ablliity mipnd wverve enwelly well. Prosumubly the tost 1lg of greatensi walue
in sliminating those students shoge weptel abllilty 1s 30 poor cs to handlosp
A them 1n the acoudsition and rstention of the infornetion aeceazary to maeter

tha Zacte whioh must be Znom and retzined in leawraing to fly,.

Aptitede (¥inncgots fapsr Form Doard). This %eat was ueed sn
o - tre bhatiery becaunge sussepaful flying appoars to roquire soms intaeresat in and
C; gbility to dasl with methanioal things. It did pot differeniiata the aucgess~

fel pilots from the washoubs ap veil ss ihe Qtlg Test. A limdiation of this
o test is that it involess pricerily only one aspoct of mechanleal aptitude;
o ‘ nemely, parcaption of form ralationg, '

Athletis Achisvemsng {Yhorudike-Xelley). This test was developed during
the last wer by Dre. L. L. Therndlke and T i Kelley to determing the ex-
e tont to whioh athletla skilia are ralated o succeae in flying. Ths teat
Lo proved to be a peor cnu in differentlating the euscessful pilots from the
. mashouts in thia piady. This ooy lsve been dus t¢ the fast Lhat the guve-~
i tioas are too gensruiiwd to diffarentiaie the athlote of superior akille
from one of ordinery avtlity. Alvyo, the tewst is net Javlized so me to slugie
out theoe individumls whe exesl 41 sports Ln whish judgmert of mpsod and
cistance and motor ccosdiratisn ars sspeeielly lmportent, as in golf, fane=
ing, skiing, end tesnle.®2

ITX: Jeychomator Tesse

v Eyo-Hapd Coopdination Togh. Thie test wppeared $o distinguieh the and-

o sesaful Alots fror 4i:a waphovhr in tket the critical ratioa wsre 2,46 gnd
3,22 for Parts I mzd 1%, rocpestively, and also the Fsvalues were loas than
9,07 &n Port II and 0.C% in Part I (zee Table F). In Fig. 204, the amoun’

- —ap v e

& | d3Rmoent work n bitorobioal frstruments of thie sort has indilated
W that athletie hiatory Ltsue beur = positivy nescsiation with sucoses in
7 flight training.
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of improvemenl or eight susccgpiva trials noa besa pletied lor the instrue~
tora, succegeea, Hoard apnaarances, and woakoubs. It 1z Antsresting to note
that the lmetructors and suclessen were on ths average better throughout the
learrning curve, and the mashouts jers poarer.

Igo-tand Coorlimation levt. "‘his psychemoiny test aleo diffsrentiated
“ho puscessful pilicts from tne voor ones, ng Judged by trs high eritical
retioe ard relimb.s P=valueow for nhe two digtridutiona. In fact, this test
gnve gonsletent rasults througheuvi, in splis of 1he fact %hat the initial
arparabtus used at Pensacola snad cortaln defectm. For instance, the amount

~of deyiation in the control of 4he targets ~ i.e., the sooring system - was

baged on a system of pulleys whiai: tended to slipj also, a phenograph motor
wis uged to drive tho apparaiivs sid umlese it vamg carsfully rewound at the
vezlaning of sach trial, the timing differsd aldghtly.

In Figure 208y the {our successive triale have bsen plotted in the form
of leuarning curves for the four groups of subjasts as indicated. The fact
that the suocessgen made eignlficaitiy better seoren throuvghout than tha washe
ozta 13 indlecated by the lerze diiforonas betwser the +wa learning ourves.
The waslisuts were much poorer; in fact, 42 a group they showed a poorer aver—
age response on tva fourth trial fihan on the $ilzd.

Maghburp Serial Aotiop Teate Thle taet proved to ba of wvalue in differe
ertimting the pmool pllots frim the poor ones. ‘The oritical ratios (means)
ware, with one exjoption, 4.0 or mveve in ithe yarious §roupa shown in Tables
5 and 6, Also. tas P-walue le low in hoth gvouplngpo4

In the sdmindstration of thise test, omon ondet wma glven two triale of
40 setiings each. Ths smount of .mprovoownt on thean suocessive trials is
anown graphically in "igure ¥0C fnr the variouz alassifications of pilots
ar to abllity in TLight trairing, The aucosssges and instructors are sig-
aiflcantiy better in thelr ssorea than the weshouts ane board appearances,
dn examiration of thle [igurs raveals that tla reletive impreveument of the
sugcesaes and wegioute i3 approximately the ssme, thoe shisi? dlffersnce In

tka curves being that the washouts were apprex.ately ons winute slover in

troir scores or. bath tviels.

4 gompariscn uae besa made beivwaen the tvo zuceeasive triale on the
Hasbburn Teet for tho cndots in Fart I (elmeceas 147-151), These data are
shown in Table 12. The means and standard deviations in Trisle 1 and 2 for
the different groupinge 2% ecdets with reepact to suoomss in flight tralne
ing can be observed in thie table, The érit-=cel ratlos of tha differsnces
betwesn the means for the groups are all 4,0 or wbove, The P-valuea are

4335mlar results have been obtainsd in sther sbudies of student Pilote
whare the test haz beeu ueed in cimparing suscessful pllots wiih waghouts.
2 detmlled report of these repults, with suggested lmprovements in the in-
ptrement, wmmy be found inmi UoFarland, R, A, aid Chamnell, R, C. A revised
op time spparatus for uge in appraieging flying aptituds., Wash-
irgton, D, Gyt G.A.A. Airmen Dovolopment Divigion, Report No. 34, September
1944,
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all lese than 1‘34)‘1B im'iii.outifé a high prebeblilty of a true difference ha~

twsea the two digtiritutions.
TADILE 12

COMPARISON OF TUC SuCARSLI0S THIALS 9.7 ThL EASHBURN ThsT
(Por i, elagses LA7<151}

2
Oni
Triale Group K| Moan R CuReg I=tping
q Succeseec 335 5.83 4 G095 0,96 & 0.04 4 4n N}
H&Bhﬂu‘bﬁ 39 64684:: Oola 1915 P 0313 :
Sucosuees 127 5,12 4 U084 8,70 L 0.0 7
2 Waphouts 40 5.8 g 0,17 106 0.1z T 01
Good PLlots 303 5,784 0,05 0,92 g 0.0 S
3 Wash, & B, 4. 72 6.534 0,13 1,154 0,00 ° 5464 (fjo"
Good Pilots 293 5,084 CD4 Q.74 g 0,03 y
2 Wagh. & B A T3 5.68 4 0,22 (02 & 0,08 #.62 %:01
Dotting Togt (MeDouzeil). The cesulty oblained with this apparatum wers

rot aignificant in comparisopn wilh the othor psychomotor tests menticned pro- ‘ .

viougly; that is, 4lLe dye-Fand, Two=Hand, ithe Mashburn Teats. The data fop
lhe four greupings ag to pussacs An flying are shown graghicalily in Flgurs
20D, The owrves ini“este ax Loprovemsnt in ell groups; wnd the varlous -
groups maintedn thoir relntivo nogilien to esch other, tre wachouts being
on the &verags aprroximisoiy ben wolmtis poorer tarsughout,

Sontinucus Reaction Tost (Catlieil}s As judmed by the critical rasics bee

twegen the meens in Purt I, this Ses’ appearsd to differertlate the: succeee-
ful pilote frow the washouts, tha oritiecl raslo belng 2.5, This wmlus mas

ralsed t0 3.3 when good pllixte wore compaved with washouts and boerd appears

ances {ssa Tablee 5 aud €3, 7Phe F-veluss sf :hs ehl-gquare fest were nod
significant.

Experience with %ths tcal revealed nertaln pracilcal limdtatloneg, espe-
clally in xegerd to georing, fSme she scordns gyatem emrloyed requlred
conaldsrgble time. Ths tas} should be improved by rebuilding the squip-
ment with a eyetem of slsatrical contuote or wims other method so that tim
sooring would ba aubtemtis.

Ataxiemetor {Milew)., 7The roaults obisinet with thie teet, from the
point of view of diotiuguwnhing suoveasiul pilote from wushouts, were poer
throughout the gludy. Tho «ritical ratics snd Fevalues were on tha aver-
age lower than for zay otlhaer payohologlenl test.. .

a1 -y e

4The faot that ths difforences ware sonzistent Far both teste 1s an
indirect indig¢atiocn of autisfactcry »olisbilisy of the test,
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IV, Visusl and Purceptuzl Testy

‘ iko 1 loealization). This study of arieeikonie in svla-~
tors wae originelly sponsorad by Bartmouth College snd the Civil Aeronautios
Adzxiniatration. The firei sxperimenia were carried out on civilian airline
pilots in Kensas Clty, Misssurd. Becauss of tne Aif{ieuliles In obtaining
subjeots, the project was maved to Pensucola %hrough the cnoperation of the
Comalttes on Selostion and Training of Alrorafi Fillot: of the Katlonal Re-
search Counoll end of tha Bureau of Aeromautiown, Us 5S¢ Nuvy., In thla way

it was poseible %o &dd ti® threv teste desoribed on page 1l (Bikono~ ,
zeter, isaf Room, and Frontal Piane Apparatus) to the meries of tests 'boing
given tc the group of svintion oandets partisipating in this atudy.

The results cbtaiped with the three tasis relatinz to ths spatial avuat
of 265 euoceasful pilota ‘ard 33 washouts are shown in Tableg 5 and 6, None
of the critical ratlcs between tho means of tha successful pilots sompared
with the washoute wag ateve 1.3% and the P=values were high, indicating no
signifloant differences between the two dlptributions.?d

: ) gl g Ao degoribed on page
11 the toat haa S WO par‘bm {3; the photomphing of the rumber of fixa~
tions while read:ng & printed line, and (2) the mpasursment o€ the ooular
tremors and relaied anowallsa while fixating on a target. The resulis re-
lating to the first wariabls gavo a oritical ratio between the weans of
.70 in gsompering the succeasses and washouie in Part X, and the P-value
showed little differencs beiwsen the two disiritutions. The tesi wae not
given to the catste in Part II. The analysin of the reoerds relating to
the geular fixations on the target revealed only a amall nwwbar of abnor-
malitise to which any eigniiiocance oould bu uttashed, It wae diffioult to
goore the reocrds numsrieally, and eince ouiy a small number of osular trem-
gre or related zmomaliea were foind bty irspsction of the records, the analy-
eis wae not complotad in a quanisistlve way.

won } t iiglou). The reaults obtalned with the Wald
Adaptomster (pee Dage 12) on 143 suocessful nilots and 91 waghouts are
shown in Tebles  and 6. Tho sritisal ratio beiwsen the means of the sus-

cagaea and weghoute was 1.7, This value droppsad to 0.3 when the good pi-
lotes were ocomparvd with waghoute plue board appearsices.

Tilt Chaly -~ Paercsption cf Change in Fopibion., The reaults indlcate
that this test did not dletinguish tis anccacsas frem tho washouts. In
Tables 5 and 4 tests of sigalficance btetwomn successful and unsuocessful
pllcte ware not inldicative of differences other than chanoe ones.

45additional details as to tost sdminiefiration and an independent treat-
ment of the aniscikonis test results, including a comparison of the maval
cadets with other populations, mmy bo found 1: Ingidencse and offect of
i ), & H“hmgtmlp Da cgl c c'.io&q’ TJ-u Sn Dem'
weNt oI uumeroag Toohnical Yevolopmont Report No. 30, March 1943, s
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The Physiological Tests ‘ ‘ I

This part of the report deals with the amalysis of each physiologioal
taost. Partloulsr diffioulty has been snountered in this phase of the work . .- -4
for the following reasonas In the firat place, the physiologioal teste wers  ~ /0
subjeot to varintions in the same individuel from time to time. In tho ssc~ ~ =
ond place, physiological measures are more subjeot to envirommental influ- ) o
onces, such as variations in tamperature, Thirdly, faciors such as emotional
gtability or physical fitness may be considered by some to have a wore somplex
bacis and oonscquently ars more diffioult to msasurs than variadlea such ae »
mental adility or psychomotor comtrol and ooordinatiom, Flmmlly, it shoulld
be kept in mind that certain phases of this study were introduceds not alone 1 1
from the point of view of sslection, but alsc to contribute to certnin individe R
ual aspectn of iha flight physiecei examimstion. IXllustratloms of thig latier -
point may be given in terma of the Bupal Mstaboliem Test . Bleatroscardiography,
and Brain \iave Tests.

1. Metaboliam and Reapiration Teets *‘r:*‘f—

— ¥ - _

Bagal Metabolic Rate. The tassl metcbolio rotes were for the most part
within the normal range for male subjects of their aps. If one takes the
normal ranpge ns baing i 15, the preportions sabove and bolow this range may
be gonsidored sbrormel. BSuch data for the Pensmoola pgroup are presented in
Table 13. The persentage of washouts and board sppearances who had basal
metabolism rates =15 or lower, in both Parto I and II, in almost twioce as
groat as the psroentage of successful pilote. In no onhor respesct did tha
toot differentiate the sucoesses from thoe washouts, as san be geen in the B

oritical ratios and P=values in Tables T and 8. X : !
TABLE 13 ;_:
PERCENTAGE OF CADETS HAVING RASAL MSTABOLIG RAT.S :
GRIATER THAN4£15 OR SUALLLR THAN =1§ *
Percentage Parcentape 1,
Park 1 (olagges J47-150) N SISE 415 wder =35 B
Good Pilots 296 13.3% 774 : T
Sucoegses 320 13.0 7.6 o
Unsh, & Bu Ao 69 1158 13.3
Vashouts 36 13.9 16,7
Eact 11 (odageen 152-165)
Good Pilots 308 8.2 7.5 &
Sucosenos 382 540 8.9 g
Wash. & By A, 168 8.3 13.1
vashouts 94 Be5 11.7 ot

v « The reemlis of this test 114 not chow a eipnificamt L
difforence between the successes and failurea as judged in terms of the arits L
10al ratlos and P-values {see Tables 7 mnd 2). This is cna of the two tests - .=
in the ontirs series that has vhown a revorsel in the means = i.e., where the @ -.
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washoutes have been aliphtly better, acoording to ths hypothesis being studied,
than the successsa, Alsp, it should be noted that the mean walues in Part IX
are larger than those of Part J. No explanation oan be given for either of
these two differsnces in the meens, except for the poseible influence of
chan;ss in temperaturs, Part I of the study was carried out in the summer
and Part II in tho fall and winter months,

« The eritical ratio between the means of the sucoesscs
and vaahoubs in Part 1 'ms 2,8 and tho Pevalue wae 0,08 (see Tablae 7 and 8).
The P-value for Vital Capacity / Body Surface was more relisble in difforen=-
tiating tho twe distributions, although ite wvalus was only G.05,.

II. Physical Fitnoss Tests

3 ghr - X g ! gge This test did not differe
nntiata 'I'-hn endatn iha passed. f"'om tho nahm.*ts, and the results in both
groups showed similar means and standard devimtions. Ths index wap only
givon 10 tho subjscts in Part I. The test was used in this study not only
to evaluate differences in physical fitnese between the wvarious groupe, but
also to obiain the pulse rate and blood pressurs of each cadet undsr stand=
ardized conditlons.

i ; poaition, In this test, seven dif=
forent variablae ralatinc to pulso rata and blood pressurey were studied in
determining whether poor responses wers observed mors frequently in the
wvashoute than in the succesaful pilotc. The difforent wverisblos are de«
soribed in Table 4 along with the means and stendard deviations for the var-
ious proups. Of those momsurements tho only onos which distinguish auce=
dossos from vashouts ars the Smallest Pulse Preseure (critical ratio of
2.38 in Part 1) and tho Systolis Blood Pressure (critical ratlo of 2.50
in Part I). These results do not hold true in comparing good pillote with
washouts plus board appsarances, and the differences were not so reliable
in Part 11 as irn Part 1. PFurther snalysis of these data will bs given be-
lov.

A ( . LOI'E : As indlceted above, tho purpose
of th.is study ma to oorrolurbo a pilmt ] mcoptibility to sentrifugnl sc~
colaration (f.0.s “bleck-gut™) with eacs of fainting, as moasured on the
t1lt table, and with eortain other physiologloal testss such as the carotid
ginus censitivity, sffect of putting the hand in ice water, Schmeider Index,
and somatotyping. Since tho cadoto were 1ln tho oarly stages of primary train~
ing, with no exporienco in dive bombing, it wae not possible to analyse their
susceptibility to tho effects of centrifugnl accelsration. The instructors
provided an excelilent group of sexperienced pilots, however, who had been re-
poatedly subjected to verious maneuvers which might dauso the blackout and
who hed also takon the physiologloal tosts tabulated in Table 19. A mmber
of piiots subjected themselves to dblackouts in order to make observations
for this study. Sixty-two of these pilets wore interviaved mand questioned
in dotail scomcerning their succeptibility to the effaects of cemtrifugal ac-
oaloration and ths nature of their subjective reaoctions undor thie stress.

All but one of the men intoerviewed admitted that they had hoen wholly or
partially blacked out in flipht. The cne exception claimed that he had re-
peatedly made very quick pulleouts, some at 10 g or moro, without blacking

out.
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Stated Tolorancs in terms of 3 | ;5,
Figure 21 7 TE

Perceintaze of Pilote (I £ 62) "Blacking out" at Various Vaiues. of g

One carnot yet speek in physiologioal terme of ome group of pllots who will
black out an:l ancihier whe will not. T4 1s recognized that all pilote will black S
cut when subjecisd to a sufficisnt number of g's for m loug encugh time, ‘hus,

there oan be no hope of any test wnich might select pilotn who are completely

immune %o the blackout. The purpose of the atudy, thsrefsre, was to fini a L
toet; or series of teste, whioh might detoct thoge who aro lege asusceptible e
to the blackout than others. In addition to the wvariation of one individual RS
from ancther, there ure differemces within each pilot froa ons time to anoctaer, g
depending upon his siato of fitneas. Intervieus were carvied out with exeh pi- -
lot in a systematic way by the sawe phyeician, Dr. Stanloy Bamnett. A stanis
ardised set of queztions was asked, followsd by a disoussion o oclarify sach

point.

One importamt aspeot of tho study ralatsd $o the determimation of how -
many g's oach pilot could stand without blasking out, 4bout half o7 the men
interviewsd had flown in planes with acceloromatsrs and sould state their %ole  ©
erance in terms of g‘s based upon a number of direot observations, Tho others
had flowm wilth eaperienced pilots whoe knew the spproximets amount of ageelorie--
tion in each dive, or had ovidensoe from indlreoct but fairly relisble sourcesm. .
Data based upon direst acceleoromster readings for easch pilet in flight would
hevs been more dasirable, but sush readings wore not possible under the condi-~
tions of this atidy. It ehould Lo kept in mind that the reliabiliiy of +hs
stated tolerance in terms of g’s may be influenced by the followins fastorat
First, it is provable that in mary inntamces & sonsidorabls amount of impair-
ment of ocerebral funetion may ocsur without any subjeotive appreciaticn of this
faoct on the part of the pllot. Seoand, a numbsr of the pilote had dons mest of
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thsixr fiving 1o patrol tawvers ¢ othor henyyv adraraft sno mwed hed littls
sxpeirlenso with the hipgh asgelereticns auveh az oscur in dive Sombing men-
suvers. Thirdy orly & fzw of then had adegwmtely asnsidsred the duration

of acseieration, which s an imporisad fector iz relstiua to the degrese.

“he atsted toleraras yxiled Latwoen 3% amd 10 g, sith 4he xode at 6 to 6F

lo ‘l'ha‘variauﬁ rodponses fell an a noreld distribeiion survee we ghown in
Pz, 2L, The dats, thareforo, comsiltute s fulrly reprosontaiive seampls.

4 mean of &é- £ 1a aleo givon us tho everage folorance Ty won Ei:‘.rin:_‘;chaﬁm-%
% 48 ovue or mors i obove the avera;e fizure piven by armstreng and Hedm, 1’(

An atlempt was mpde So esaertain from the pllotz bow much delay there
ma botween the time of waximum aceelerntion ardi the subjectlve apprecin-
$ior of uymptoms. Although sn)l of the piloty vgraed thal thore wma ascme
Jalay, their opinfons ms %o its durstion &0d unrellinbls nacause no pilot
interviewad had ever attsapted to time thias tuwierval agsurstely. Almo,
there is a0 eharp peini of demardation frow which to begin timing, and tha
onsat of aymptomg ie ordimarily not instanianecur but bullt up over an ap~
syecieble Aintorval, EHenue, u> reliabls ocralasions oan oe based or the
Hllet s estimation of the tine intsrval luwvelead-

Eaoh pilet wars guestioned in detall vongerming the gubjscetive erzpere
«an0es durlng and aftcr Viscking oat. Thece was o wide variction in the
:ontent of these reports, s& sach ono carnnags be digcuszad in detall here.
‘‘he resulis are preperiod in summry forz in Table 14. Visual symptome
wredominated, but it chould bs noted that nf the 62 ingsiruotors interviewed
snly 32 reporied visual sympioms alons. Diffuss blurring or greying ef-
feota wara prominciat, ablle concentric marrysdng of the visusl fleldse,
'ourtsin” effects. mnnd the appearanse of colora, nactomutw, and alters-
$1vas in ability +o focue, were less frajueat. U%hsr 1.0 juenit symptoms
rslated Lo impalrreunt of heoring, feeliuge ol oonfuslon oud diasvrienta~
slan, faintness, ~wmbnoss, ad visseral offectoc

In discussing she meihods of ayiecpting to proevent the bladkoui, only
14 of the pilots ceported that they asomsldersd the experlence dlaagreeabls
ar dangeraus, eand noat of them stated thal thoy 43d dGothlng 3¢ avold the
wisckons or to lacresss Lheir tolerance duriar 2 pull-uvié. Twonby-iwo pl-
leta raported that they somptimes "yelled” or ternsed ithelr dbdominal muscles
se luoremse their tolerance. though oniy 11 thought timat this mctually in-
wgaged thelr registance. The reusinder thought that tensing their muscles
g ineffeotive, A number of the pilots sousht tec aveid blacking out by
guitebly ceneuver.ng iheir plane rathsr t¥as by tenaing their muesles or
stharwige seellng %o increase thselr tolerance.

e

4690n Mringshofan, H. iz zo weleher Starke kawr, der Mensoh im Flugseug
Zentrifugalkdifte vertragen und welchem Einfiuaa hat hierau? dis Anderung der
#Efporhaltung, Johrbuch des Deutschien Tufbfahriforgebing. X. Olderbourg.
Hunshen und Berlia., 1937, pp. :28-130,

3Tarustrong, H. 3. and Keim, J, ¥, The affect of agceloration on the
living orguniem. J, Aviation Med., 1938, 9, 199-215.



during centrifugal avceeleration provids oluass whish suggest that warlosup phyge

iologionl mechanisme are invoived. The three which are probably most im-
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NIMBER OF PILYTS SRFOXPING STEPTONS ASSOCTATID WITH BIACKING GUT

¥Yiswal Symptoms:

lag ir visval L{unctions

Hazy, bdlurriug, or groynass
Narrowing of visual fislda
Curtain® effecs

Golor aura phsnonens

Seotometa (biind spots!
Altorations in ability to feaus

Impairuwent in liearing

feeling of Confusloa {digorientation
or impeirment in mental precesses)

Insteucen of Falntnesa

Other Symptomas

Mumbing of limby or facial muscles
Pulling on viscera

Hotalllo taste lm mouth

Soreness in baak

1sg
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12
8
14
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Ko Uncortain Report

1l 25 £8
7 13 9
46 7T 60
a5 1 58
48 - 13
4 - g6 -
24 n 44
39 4 6
33 1 55
48 3 56

*COne reportsd sarly losg of ebillity to fasusi threo reported
blurring of distans chjactsy three, blurring of nsar objJectay
and ln twe oapep the foousing power wng impRired.

The varietles ¢f vipual and cercbral digturbang®c reporied by tha pllovs

portant, i.e., (a) vonoue pooling, (2} direct gravimetris effect on the ar-
tortal colwmm, and {c) dircet mechanionl affsct on the dbrain and aeyes, will
be briefly digoussed below.

The Effeqls of Venoug Fooling. GCentrifugel asceleration influences ths
terdency of the veneus bloed to peol in tho dependent portions of the body
resulting in embarrasemext ¢f the gserebrel alreulsticn anl consegueni syap-
tone of genaral ocrabrsl masmia sush as eupheria, dizzinsis, falntiang, con-
fuslon, and impairment of hoarias and vision.
instantaneously sinoe peferzl sscends are recuired for tha blocd to aollect
in the lower extresmaiies and t%e cardime output to be red.iced. Eleven pllste.
who stated thei they blaaked out sasily during prolonged izlld soceleration
reported that their sxperismnes ‘sare charscterized by some of the above eymp-

toms of general dorsbrsl aciemla.

Vonous pocliing does nol oogur

Dut of the 16 pllots who stated that they

were blacked out durlng sharp gqulok pull-puts, only & reported suoh aymptoms .
in comparison to LU who reported only vlsuml symptoma. Vonous pocling seems
to contribute mogt moudsly o blackout fellowing prolongsi acosleration, and
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the mpaimmh of vimion freﬁuentl,t sonurTing may bhe éansidsrsd ons of the
soncomitant a;mptc;ﬂm 2f & goperal cerebral uirmﬁ:.,tory dlatwwbanss.

The Diregh Effest ow the Arterial Column, The direct effest of i.nnrmad

agsecaleration on the arterial colunn of hlood reaching from the heart to the

- head is an important aspect of venous peoling. Poppan“‘a subjeoted axperi=~

wmoaual anirala vo oantrifugal aoceleration znd rotad that the drop in blood
preasurs in the ocarotid artery was proportional to acoeleration until the

of faote of wenous psoling begmn to occur, The sffest of xravity on the ar-
torial column of blood can be expressed mathematically in terms of g which
gives the valus of oritical aosoleretion above which oardias pressure will
be unable to reise the blcod as high &s the bratn. The formuis for the cal~
culation of g 4s givon as 13.6 x p/1.060 x 4, whera 13.6 1a the speoifie
fra¥ity of maroury, p thos syatolis blood prasswre in sentimoters of meroury,
d tho vertical distsnce in gontimeters from the luft ventriole of the heart

- %o the brain, and 1,060 the spacifis gravity of the bleod. From this formula
. 4% ig apparent that the meintenance of cerebral oirculation in the face of

“eantrifugal acceleration will bo favored by a kigh hlood presours and by a
~ ghort vertlical heari-brain distance,

Effectg on Brai Lyeps A toy balloon filled with
waster and plaged on the tabls will flatten oul, losing ite apherical aon-
tour. A simllar effect wlll taske place in ths eyenall when the orgamiem
1s subjeoted to cemirifuprl acceleration. Accelerationa of & or 10 g's
would have the effect of a fluild § or 10 times ap dense as the aqueous
and vitrsous humore of ihe eye globe. Two of the pillote indlcated that
esrly in the pulleout there was & phage when thay could fogus their eyes
gharply on neer objoota but that dietant objleote appeared blurred. A flat~
tening of tho eys during acceleration would lenmgthen the anterlior~posterior
aris of the eye and tend to produwwe such symptoms; a teuwporary slight down-
ward dlslooation of the lens would also ocsuse blurring. Thether this dis-
tortion aontributes mmierially to the genersl blurring of vislon reported
by many of the pllcis interviewed is problsmatical.

The bdrain is loosely attached 40 tha inside of the orenlum so that 1¢
oan be moved about within the cranial cavlty with an accompanying displace-~
meat of the surrounding cerebrospinal fluld, With inersased centrifugal
as3zsleration the brain probably terde to be dimsplaced dowmwards, with in-
ersasing foroe on the floor of the cranial cavity, resulting in embarrase-
oeat of the oaplillary blood flow in these arens. Such disturbances would
at firat irriteate end interfere with the function of structures like the
olfactory buld, the unous, the optic ohlasma and iracts; and the viawuml
ansociation ereas. The pilots reported a definite oolor aura and danoing
srarke before tho eves proliminary to ocomplets loes of vision during the
pull=out, These irritative phencmens are logically expevted to follow
pressure on one or vore of the visuml systerws. Nine of the pllots gpeocifi-
eally mentioned that the upper part of their viswal fields wap 1lost first,
-derkeoning prooeeding from abvove downwards like a curtain. Zight of the pl-
lots reported thet as their wision faded away, they perseived dark spots,

48poppen, J. R. Dipougpion of paper by Armetr Bg and Heim. Qp, 9it.,
p. 62, (Footmto 47,)
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sufzesting porhans tho sesibering o7 woleriiar foeal arens of ischewia along
Uns o wore portiosd QU Lhe opbic pubtomay: The peurologloal msahanisue .o
volved in thoss necisuens oamnot be lscatsd -2tk certminty and 314 1a prod-- -
able that mors tien ous weveveniur 32s involwmd in theas physlological disturbe
i bel- 1o} PR

Interoprreiatism. «o indioaiod zarliar, 3me af she chief intsresta in
this etudy osniared ir ecorrelasing tis stnind Solcranse for osutrifursl au-
saleration with a aariss of physlologleal nusadraments which had been made
an onoh pllot. Apnendix T ahoun tic ~auracairy intersarrelnticne bosween
o various physiologleal msesurss anl secl 3§ the otnore. The last thras
soluma at tha riest u the table snex tla inneg toisrance, the theoradie-
2el telerance baned 1w aytolic bleod -uesads, gitvliag, and the theowetian?,
toleranoe based on the odidmum sysiolic »w i razanre ia ths reellclsag poal-
tion. The hicheut sorrelztions (ursnir Sraa L2007 obsainsd betewen ztnbed -
tolerance and the shrsiclogioal tariles -8 ap inlisws:

S El

]

1. Nipple~enrc uizinuce =35 R,
2. Smallest wsing preceurs &fjes 7la Fol7
3. Rinimwr systolic hlood presyu-: Jinvinge biik el B
4. Time t¢ cxalieel pulse preasurs drodizns Biad =25
5. Syetolic blood preasurs (carobic sluus) $o 25
6 Maximum pulse rase chenze durisw $i% ~s23
7. Hﬂim @-.21

It should be noted thot the correlaude: ™ swe-r etatad tolorsnse and T
theoretinal tolsra-gs bLased upsp resliwdng: . 15,0 proasure wes .43y olisn,
a mumber of the uorraluiions bodwnen yiw ol ov ticel telorenss and carials
af the physiols ol variubles ars folc’y i “Lia wuld naturally fol-
lya i'rom the Just 3rat the Shapreiisal e uo  aa counutod from theaw same
variavles, such aa tiw sycvdolia btinod srose i anl ina nipple-sar dlatunca.

It 48 iaterastling 4o atudy the antsrcerieliationg in Table F=1, Aiopend..
Fy, for othar relationshipe. &p might te oxpec:ad; osortaln of the phyelo= o
logieoal wariables ire alosely related ocsause shey wesowe tho eams Jom- S
ponents. Poeaibly %hg most interssiinz ones ralated to the somatotynpings e
for sxample; Mi. /3 Ut. {an index of thinnnse) has s correlation of «,.70
with andomorphy and .85 with ectomorphy. In regard to gtated tolerance,
sndomorphy sorrelated + .15 and ectamerphy =.12.

In brief, the Following findinz. have boeern revealed in the stuay of
gontrifugal accalierchion. In the firat piace, the pilote' estimaticas of
soceleration maeemv‘{ to canas & "™lazkegut®” raried from 3k to over 10
g, with the mode a: 5% g; vhich wero distrivutid for the group ac:iorilog -
to a normal distrizution surve, Secondly, the aralysis of the subjlestive 1
gymptoms ghoved that the viswal symptoms predominated but that numsrous T
athera were experisnoed, Third, the differences in response suggested that
a mmber of physiologiocal meolenisms wers involved, especlally venccs pool-
ing; the direot gravimetrlo eoffect on the arterial blood column} and the .
mechamoal offsaie oa the brain and oyos. Finally, the resulis were analryed -
to determine, in a preliminary my, the rulationabips between certain body
measuree and the teniency to blask out. Thuse analvaes auggested that a
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pllot whio was relatively short and had & short distansce between his heart

atd brain and who had a high systolic blood preesure, showed less tendency

to blaek out dwring high ossntrifugal eocelerntion. Although the oortelations
in these omsos are too low to be of signifioance, there is the possibility
that an amalysis of outeoff peints at the taila of the distributions of these
measures might reveal a higher degree of association.

X1, Kleotrocardiegravhv, Regnonas to Starile »ad Jireulatorv Reflexes

Elegtrocardiography. In thie part of the investlgmtion, sleotrocardic-
graphio tracings wore obtained on 836 cadets and T5 instruotors, using four
difforent leads. It was not mntiecipated that these traoings would de dif-
ferent in the successful pilots as compared with the washouts., There were
other objectives in obtaining these tracings, In the first place, it seemsd
imporiant to find oul how many spparently healthy persons revealed signifi-
cant aleotrovcardiographio abnormmlities. This study also afforded an excel-
lent opportunity to establish reliable norms for a large number of healthy
young men to be used in olinical medicine, as well as to have records avail-
able for each pllot for oomparison at a later date, or after combat duty in
the war, It was aleo newocesaary to have normal traclings to compere with the
ohangses observed in the startle response, relating to emotional otability,
This objective will be discussed more fully below under Startle Reaponse,

Over 80 separate meagsurementa have been made from the tracings on each
subjeot. A numbor of the more importapt deflsctions or complexes have been
analysed statletically to detearmine the relisdllity of the moasures aand to
observe any diffsrences osourring betwesen the successful pllots, washouta,
and board appearances. Tuble 15 shows the mean and sigme for eh:hit vari-
ables, based on Lead IXI, using one heart beat, In comparing 29 washouts ia
Part I with 303 of the parent pcpulation, the P=values of the chi-square dil
not raveal significant differenses betwesn the two groups. The same negative
findings wore also cbtained in comparing 22 beard appearunces with the parent
population, The reliability cocefficlents for repeat tests of those measures,
for 25 pllots, ars shown in the last columm of Table 15. Three of thoese rsas-
ures have a low reliability, sucgesting that & mean of three beats rathsr than
one beat might be used in order to obtain higher reliability.49

In the analysls of the 80 odd measuremsnts mentioned above, it has been pos-
sible to re-ewvalunte the norms or range within which apperéntly normal records
might be found. A mumber of distinotly abnormal elsctrocardiograms were ob=-
tained 4in this group of apparently healthy young men. A fow instarcns wlll
be glven hers basod upsn tho analysis of the records by Dr. Ashton Graybiel.,

1. Rhythp. In addition to a few instancas of premature beats and shifg-
ing pacemaker which are of no pathologlo significance, there was one
instence of short P-R irterval and wide QRS wavea, Although thio
surious anomaly is not essooieted with anmy known type of siructural
heart disease, persons with this abnormallity in condustion are prone

49An intensive statistisal nnalysis of olectrocardiographic variables
has been undertaken by Dr. Fransen; one ¢f th: authors, and will be presented
at a later date.
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COIPARISCH OF BLECTROCARDIOGRAPIIIC MEASURES FOR PARENT POPULATION IN RELATION
70O TIASHOUTS AND BOARD APPEAHANCES IH FART X - S
(repeot reliability of mecsursy Fur 25 cages) C e
Beard Repeat i
Perent Populatiops+ Teshouts Appearances  dellabili
he&n 3ipne L = T+ (25 pilota
Aceraps Pules .
Rate 3% 6'3::10 S« b0 £a ,.18 21 042 614
Anplitude of P-Wavs
in Yeaz II 303 1.04 0.41 23 2T 22 o 42 267
Duration of P-Tavse
in Jead II 308 =06 <02 29 .48 22 »50 «33 .
Amplitude of R-Favo E
i Ltﬂd I1 3c3 10380 3,60 29 =76 22 5:55 agl
riration of QRS _
Gmplmt 303 -0 P 35 .26 2z =Bl Y i
A plitude of S=Tave
in Leed 1T IG61 1,26 1.12 20 .35 22 -80’? - 83
Arupliitude of T=Wawva -
in lead II 303 245 1.24 25 .30 22 228 269
Duration of T-Tave .
i Leed II S03 «08 201 2% L80+F 21 «29 «31
*The P-value of the ¢hi-gquare showing ths proba-
bility that Washouts and Board Appsarances ers
significantly differernt frun all pllots. S

#Neshouto and Doard Appesrames are inoluded in
Pe.rent Dopulation. _
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to attasks of paroxysmal teshyocardia which may be temporarily ilncapac-
Atating and should form an adequate basis for elimdneting a pilot from
active duty.

2. Hourt Blogk. (Long P-R Interval,) In 10 instanceg the P-R
interval was gi'sater than 0.20 egec. and in 3 instancea it wes granter
than 0022 8840

3; mj lon of tho Qi3 Gomplex, This is one of the most important pwaa-
urementa to be made from the sisstrccardicgrain. The upper limit of

nomal in adulin 4is veually considered to be 0,iC sec., and a durstiion
of 0.12 gso. or more indiostes bundle branoh bBlock. In 24 subjoots
the duratlion of the QRS complsx amnasures C.l1l sec. and in 7 oases

0.12 ses., It is probabls that 0,11 sso. should te considered within
the normal rangs. Howover, 2 duration of 0.12 seq. ehould ralse the
questlion of heart cloesse.

4., Amplitude of QRS Complax. If the amplifude of the chief defleotian
of the QRS cumplex in three standiard ieads dovs rot exaeed 5 mm., low
voltage 1s suid tu be prasent. Low voltage is usually asnsociated with
heart divesces but may be present as a varlatiorn within the normml range,
Ten inatemes of low volitage wers found,

5. Low Yoltagme of the TeWuvem. It is generally agresd thei normally %he
T-waves should Ye upright in Leed I and at lsaptl mm. in amplitude
(uznlees there is a tendency towmrd right axls deviation with small
Ry and prominent 51) ard upright in Lead II and st leaat 1.5 - 2 tm.
in emplitude. Ve obgervad one inmgtanca of iuversion of the T=waves
in Leeds I and II. nine instancse where iho T-waves in both lsade I
and II vera less than 1.5 mm., eleven instances where the T-waves in
Iesad I were loss than 1.0 mm,, and twenty-three instanves where the
Tewaves in load I1 =ure less then 1.5 mm. There are many factors in
addition to heart dissase which 2ay causs lowerinz or even Inversion
of the T-wavoa, but aush cases deserve upoaual atterdion, (See below
in startls paiteirn.)

2 1o {pistcl shot}, Measurewmerta ol tae etartle pattsrn
on the slestrocardicgraphic regords were mmds on approximately 400 succesp=
ful pllois and 6C wanshoutes in classes 147-154, relating to (1) pulge rete
after startle, at 6 pscond intervals up to 35 sesonde; (2} somatle tremore:
total duratlion, initial emplitude; and amplitude three-fifths geconds after
the startle; and (i) clteravions in T-wavos: +4ime of onsot, maximum change
in amplitude, and porsistencs of T-wave nshangs. The date for these measure-~
ments ars shown ian Table 4, giving %ho moamm and standard deviations. Thas
eritical ratios and tha Y=valaesx for chi-squers in compering the sugoesefvl
piloto with the wushoubs ere shown in Tebios T amd &,

The results may ts briefly swmarized as 7oliows: (1; The teats indivlg-
ually or collsctively did net dlstinguieb tle aucceesful pilots from the
poor ones im that the oriilcal ratioa and Poveiuea were rot elgnificant,

(2) Although for six peconds afier the stmrtle the average pulse rate for
the washouts was groater than for the guccossful pileds, shé difference was

R



¢20 small to be of sy algnifisence. Also, the total duretlon of the ﬂﬂ&&tiﬁr
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trémor aftor ptartle and the alterations in T-waves (for thrse variables msag~

‘ured, ses Table &) wag greatar for the washouta than for the nsuovessas. But,

ngain, theso diffsrenses were mot eignlficamt. (3) Information was obtainad
from this analiys s, 2apanianlly thot relating to $he changes in the pacemker
and the lowering ¢f tha T=waves. Ths fregusnoy with whieh the T-mave changes
oocur has boer ecnsidarsd of importame in showing that such variatione might
be attributai:le #o exstionel fasicos rathsr ihan to neart dlasease. 4 lower=
ing of the T=-waves aoourred in 7 out of 370 casen of guccesaful pllois, or
1.9%, and 1n 1 out of 59 washouts, or 1.7{ of the cames. Thore were altera-
4iong in the T-wuve in 30 out of 370 good pilots, or 8,1f; and in € out of 59
washouta, o 100253

Sinup Sensltivity. It was not psosaidble to giwe this test rou-

hinely tc all the pilois, ao only a gelectsd group was studled; 1.,e., 175 i
gaod pllote, 29 vmahouta, and 1Z board appearances. None of the pllate actu~
ally fainted during the oourze of the test, but 0.6% of the good pilots feoli’
"dlzgy" or disorlented. Nonaz of the wmghouta or board appearancsg either re-
parted or manifented puoch feelinga. In Fipg. 22, thoe systollie and diastolic
blood pressurss uuricg stimulatisn of {the ocarotid sinus of the twor groups are
nhown girnphleslly. Individuals with abnoroal oarotid sinus senaitivity might
be expeoted %o show a rmrksd drop in dlood presaure or pulse rate when the
carotid sinus is stimulated, Only a few of these pilois showed a marked de~
pregser response; in faot, tie average datu indieste a slight ingreass in blood
preasurs, perhaps due %40 an increase in muscular tenslon. The mashoute ae &
greup showed & higher initial end slightly sreator increass In aystelic blood
prepsure tiait thc succezses. The chengas, in both aystollc and dlastolic
bicod presgure; ‘are not oconsidered to be olgnifisant. The alectrocardlo-
graphis traoinge. which have not besn enalyzed in detail, ghowed only minor
ohanges. MNo evidence ws obisined in this part of the study Siet the re-
sponges of the two groups difforod, nor wers thoy vory revealing concern=
ing sugceptiblliiy to falnting among these noruel young men.

Gold Presgor Tagt. All cf the cadets im Fert I of the study were given
tae ecld preesor teat. The averags insreasass in gystolle and diestolio blocd
presawrss for the sucsoesses and waghouts are shovn in Tigo, 22 In most oceses
there was an incroease in systoelic pressure of approximately 20 - 25 mm, Hg and
a rigo of sicdilar proportion in diastolia pressure. The averape incrosse in-
bath rendings was greater for the washouts than 2or the sucaeseful pllote.
The aritical ratic for the graatsat diagtulic chanyo wes 2.26, for the preate

oot systolic chauge 1.68 {seu Tabls 7)., An analysis of the reesulis for indiviu~

wde In both groups showed zhat 8 of the 195 goed pilots, or 4.5%, sncwed an
innrea&o in syetclic prosours ¢ 150 or adove, while 3 of the 2% washoutn, or
*);4p, sliowed & upimllar rise. Thers was conly one aadet whose systolle pres-
yure roase abovs .85, and ho wae 2 the g;aup of succesaful pllois,

Skin Repigtaics Tept. 50 Only a representative group of subjecte ook thla
to9t:. The resilis 4id not diffeventiate the wmehouzs from the vucoszsful piicts

50The datsx .»talned with this test by Dr, Hobert Phillips, with sgulpment
from the Ronkefe ler Institute iz New York, were of interest in the forw »£ glv-
ing additlonal informmiion to that whioh was obiained fn the cliniocal axamina~
tion and other physislozical tesis rslating to emotional atubllity.
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although the test gave objocilve evldence -of mors oxiveme responses in cere
taln pilots who were having Ai7ficulty in 7iying. Difficuity was experisnced
in obtaining a cumeon bugeline at the begirming of each experiment. It wne
ne¢essary, therei'ore, to assign arbltrary aumbsra to the amount of rosistenta
at intervals of 000 ohms an the gelvenometsr so theat & acere based upon the
percentaze of ochinge when tho haasd was plaasd in ics wadsr oould te asessipned

to each subject. In this way it wne posailble to coupare the good pilotn wlth

the poor ones to see 1 the averass responosa of the poorsr ones wmz proaler

taan in the gucseasful group. The repults >btained with such an arperimntnl

snd eooring procudure are ghown in Table il: 4 larger paroentagedl of the
TARLE 15

Board
Gozgd Pilote Appearansog heahouls
Percsntage Change in
tanoe N E B £ it p
{ohms }

0 =19 50 51,6 3 42,9 4 26,7
20 - 19 25 30.0 2 28.6 2 133
40 = 59 17 17.6 - 28.6 8 5i.3
60 - 74 b 1.0 = o 1 £ob

N ¥ T 15

woshoute shoged © 1ora sxirem reaponse in tsrme of gkln reocletance toasn % :.ha'
suocespful ones =« 100., ovar 30 of the former group fell within t:a zroup
which showsd 402 = 595 onmnpes 18% of the god pllote fell witldn the rerge.

It w1lll be necessary to standardizo tho teot more completely bafors soueluar>

ing 1t for wee In pliot seleotion programa.

1. doure e T W DlES e ene su e Shudase

Sdeetrcangs T ORTWHEY tbrwin aoaten = Grace gpparatusd. Tau ol seudowld
aotirtiy o f Lhe brdn was regorded © all of the ordets 1n Puri | :ad 71 of
this duvept!lostion., Lae roguite Love Daan amrtm peprrataly, Loity weot b
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The oritiesd raéios o ile Taans and Pegolues for bns vwo distributions
are ahewn in Tatles 7 and A ver 3he varivus greupingg. In ganorel, the arife
1oad retios are low eud hrhe Pejaiuce aye hish,

The Farl T regords woro seerad by Lo judtes indsperdently 1H. Davis
and X, Bereeford) on 2 sesle from & %2 ¥. a5 ths “ert Il recordn by o, Berase
ford ~“lene, The nighoet rating is 1 {alphs rhythie of 5 4o 12,9 cyoclus per
sasond.’ and la thar most frequintily found irn normal youny men. Thses alipha
rhytiuse indicate 4ne wmost etebie and mosd smouinly Dimotioning cerewral gor~
tox. The last tw2 ratingn, 4 throush 5, reprcseut dyvarhythmias, or sbaer
walities shich euggest instability. The moat axtreme are associatsd with .
mumber of senditions ofien terned evileptoid or peychomstor squivalents.

An analyels of the vsuults in Table 17 aiwrg that the majority of ths
brain wmve paftteraa of %thue 'ensacola cadets ware of tho 2rxderly and etacle
trpae which have beon cbsurved wost froquartly ia healthy, ¥ellsbslanced
persons. Many oi Lne reaurds, howsver, revealsd the irrsgular patterns fimt
are gluilar 5 thos= aggossated 1Lih vpilepsy, MNe signi¥isant relationships
9ai8t between the retings on the alebility senle and fliht performencs,
Judgod in terme oI aucvasaful rcilots, end wa-houbs ar bosrd appearancoe,

TABL LT

FIUAL RATING: OF DREATN AVE PATTLANS

Porcentage of CUndets in Znon Group

fart 1
Yanhouats
plua Board
Rating Good Pllotg Sucaesses Appearances Fnohouts
K £ 8 A ] b4 O
L 4% 6.0 31 13.0 3 11.9 L
2 143 49,7 Bs sn 40 £9.7 23 63.%
3 18 271 8 27.0 15 22.4 T 19.4
' 21 T.2 22 6.9 4 6.0 3 6.3
268 319 &7 36
Part IT
1l 60 iT.? b9 16,1 20 156.1 n 22.:
2 130 .7 =20 3.8 71 57.2 31 49,3
3 8% 4.4 9 23.7 28 22.6 16 25.4
A 23 feG 26 5.4 3 3.8 1 1.6
5 at - (3] Lt} 1 0(8 1 106
340 T409 122 83
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with the exsepilon of a fow extreas gases. In Part I of Table 17, for in-
stange, the percentage is ayproximiely the same in all groups in the poar=_ . |
2ot category {i.o., those railng 4). Iz Part IT a similer trend is obeerved =
vitk tho exception that the parcemtags of those milng 4 or § in the washout - - -
group is mctually less than 1n the succeasful group, An attempt was made to
levipe a method of mcoring tho records which would yield £ diatinotion de~

sween faliures and guccessas- With €3 vcseu of ‘mowmn fallures and 202 cadets

7ho pasgaed the sourse, & meihod of rating was devised {Forbes' modifieation

3f the Brazler ratings eeo Fig., 2 in referecace citad in Footnote 31) whioh

23vo A biserlal rorrelation coefficient of 0.27. This relationship was net
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uphsid on aubsaguont series. The further inveeligation and possible use of TE
the elesireenoepbalogram as & solsctlve dovica ic contingent upon tho Govalop= o
nont of a veliabla georing technique that ylelds statigtically aipniifdcant Tk
resultc in differentlating suvcesses {rur falluroe. S
Bo¢y Build (somatotype ~ Sheldon's metbad}. An emalyels of the data in o
Pert I indlcated that the relative ssgurronse of tha varicus somatotypas at
“ansasola was strikingly aifforent from thev found in the generel college . Rk
sepulation, A compariscn betweer 304 eadets and 4,000 cases drawn from five )
miversitien ip shown in Table 18. An amelysis of the data ln this table
showa eignificunt differensse botween tho cadets and sollege studentg. The - e
3adets are predovinantly maeomorphg,ﬁ and certain of the more massive soum~ CE
totypes which are scaroe among colleze gstudonts are found to be of fraquent ,;i%;“
ocourrence eamong the cadets. Mors detaliec analysls reveals sevuoral other o
difforencea. Hor 1nstance, individuals in whom mopomerplivis the lowsat com=~ - L
oonent (group 3 plus group {; in Teble 18 below) are morw than ﬂvo timos )

wre numerous in collagss shan at foanpacele ,
TARLE 18

RELATTYVE OCCURNMENCE OF VARIOUS SCHMATOTYFES IN CADETS
COLPARSD YITH THI GENERAL COLIEGE FOPULATION

P2 ms%la College Tie
Wz 3 (N « 4,000) Y

A%
1. Endomorphs 2.0 5.9 o
2, Mesomorphio=-cndomorphs 5.0 6.0 ok
3, EBotomorphio-endomorphs 0.5 ) 3.25 <
4, Mesomorphs 12.6 13.2 - B
5. Endomorphls~mesomorpha 17 .9 8.55 LT
6. Eotomorphic-masomorphs i5.2 8.8 _ . xi?
T. Eotowurphs ' Re3 13.0 .
d. Endomorphic-sotomorphs 1.0 4.5 1
9. Mesomorphic-sdtomorphs 9.9 9.2 : “

10; Balansad 30.4 27055 -

. 192.60) {99.95}) ;
53Mo In this cormeotion, it is interesting to note that in e
the selsotion of applicanmts for flight training, thers appears to be & poasi~ Coe

bly unintentional bias in favor of the mesomorphio type. M
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Also, of the totul 76 somaiotypes occurring im the oollege {and general)

_population, 35, or almoat half, are missiog ot Pensaccla. These sometotypae
“oontsin mearly 20 of the college populstion. It is olear that, under gtend~

ards of selectlon oporeiing at the time of thia study, a large proportion aof
the college population wap beilng exoluded from the air service.

A etatiatical analysis has bsen mads of tha somatotypee recorded by Drs.
W. B, Sheldon and S, 2. Stavens for the cadets in Parts I and IX. These datas
ware treated in the sams manrner ag all other tests in the ssries. Tach com=
ponent; waa dealt with ecparately., Thie progedure may be queationed, sinas it
is the relationship whioh sxlets among these three somponents as & composits
grouping, rather than sach individually, which might be itreated in reiation

" to sucocess in flying. A numorioal score sannot he given Lo repredent thezs

three somponents as a unit, hovever, aince they almply refor fto poluta on &
tri-dimensional soals.

When somatotypa mwasures are svalumated in sombination, defimlfte relations
betwean certain ovmblnations and the washout coritoriom sppear, The method
uged wme to divide eash of the ihree vompononts sc that approximtely ona-fifth .
wore At the lower and of the dilsitribution, ome-eignth at  hs upper end of
the distribution, ami two-thirds at the middle, These dirislons were arbl~ ¥
trarily ohogen by inepsctlon of the distributiona. This, then, allowad thres
divisions for each gompoment, piving 27 combinatiions, 8oabé of them had no fre-
quenc¥. ©Some of thoas that did have froguencies, howewer, whan used togethor,
ylelded P-valuesz under 0,03. The classifications whieh distingulehsed washoute
from retained cadets worei

Low on mssomorphy snd in the midcle tuvo=thirde of the other two measure:z.

low on endowmorphy and in the middle two~thirds of the other tvo measures,

Low on ectomorphy and in tha widdle two=thirds of the other two measurss.

low on mesomorphy, hiph on emdomorphy, and in the middle twowthirdu of
estomorphy-

Low on eotomorphy, high on ondomorphy, and 1n the midélo two-thinds of
magomorohy .

The oppositee of thase, that is ohengling high cn a fastor into low, low
on a factor into high, and leawing averszs ae it ie, ylelid a prediction of
the opposlie sost, thut i3, thsy will irsure the agslectisn of retained aadete
and predispose mgainat celsotlon of washoubs. Use of dyarlasia, in sddition
to tho throe basic mensurcsz; iceresses the relation even furthers

This conolusion camot be ragarded os of any practical imporitance sines
the group was highly selostod to begln with. it is pessible that the ob-
ssrved relationahlp botween mashoute and somatctyper ie die to preoconcelved
physioal standardyg hold by thoos o gelach pilets.

Several additional sreccdursd have bean used In an anaiyels of theee
data. One mothod was as followg: +the individusl aomponents of the three
differont somatotypes have veon comparsd for the suacessss and washoute.
The rapults are shovn in Tablea § and 8. The data for dyaoplasia are alae
shown in thoge tableg. lNone of the eritical ratios of the differences be-
twoen meana reachos the desirad leval of 3.0 and the P-wvaluss of the chi-
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DISTRIBUTION OF SOMATOTYPES

FOR

« SUGCESSES (N =508)
x WASHOUTS ( N=62)

SUCCESSES AND WASHOUTS

«——— ENDOMORPHY

ECTOMORPHY ——=

Figure 23
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square teet of ihe distributions are consilsieuily high, indleating that. -
thera are no aignifioant differencee beiweon the suocessful pilote and the -
vmshevts for theze three individual comporsnts. If a oritical ratis of 2,0

18 considered ax identifying & possible trens, the resulis euggest that oa= IR

dets predomirat ng in endomurpky tend to be washouts and ithepe vredominating

in sctomorphy tvnd to he found more frequently amonz the succesese. The gomm=- :

totype found mout fraguontly at Permssoola. homver, wes the mesomorphic and
the oritioal ratlos for this couponent were gonglstenily low,

4 geoond wevnod was wed in tho analyuis of the date which may be conaid-
ored by the authore of ihe ssmetotyping tochnique es more adaptable in the
treatment of the data than the statisiical procsdures mentioned above. As
the authors point out, "any indiwideal in the population et large has vary-
ing degrees of cndamorphy, mssomerphy, end ectemorohy, and 1t is possible
to rank order a given sampie ¢f the povulamtion agaianst each of itk aspeots.
Although only disorete gradaticng of an nspact can coour 1ln as finite a
population, es ihe Pensacolan cadets, the gradstiona are sufficlently fine
to warrant the wssumptions that the ampecte can be regardsd as continuous -
vartiables.” Henoce, Sheldon posiulates "eontinuity Aln the gradation of-each
component™ and orogeeds to treat them as “continuous variables” on a tri-
dimeneional soa’e.”t Thug, slong saoh of the three axes ai right angles to
ons anothsr, the numorals from 1 to T tor each of the somatotype soales oan
be piotted. This plotting Las been dore for the cadets of Parts I and XI on
a schematlo two-dimensional projection of the theoretical spatial relation-
ships among the knowm aomatetypas.55 The souatotype for each cadet was plot-
ted asoerding tc this seheme to ses if ths group ns a whole tended to cluster
in ons area and. furtherworo, whether the weshouts werse egually diatributed,
or whather they tendad to fall in a distinotive or sepatate area. The results
are shown in Fijs. 23. The cirelss repressmt suocesses, and the crosses, wagh-
outs. The succoesed, ta & whols, tended t2 be grouped with those having pre-
dominantly mesouorphic sharsateristics. The washouts; howsver, appear to be
fairly well die:ributed throughout this =zme grouping. There is a tendenscy
for the poor pilote to be hirh in endomorphy, but it is queationable whather
these dlfferenc.s are significant. )

In considering theae results, it shouid be kept in mind that the group
s a very homogensous one with llttle spread in the lndividuwal components.
A mors neterogeuscus group; as might be found at tho time of original selec~-
tion at the elimimation baees, would have given a felrer test of tho hypothe-
sls that cortsin physiological types succeed in flying.

Although tho resulte of this method proved to be negstive Iroci the print
of wiew of cifforentiating the succsssful pilots from the wasnouts im ths
cadots mtuiied ot Pensacole, ome very lrsereuting observatlon ecex te mde
in regard tc thace date relating to human physique. The physicilaus awd
soleoticn boards save tended to pick out the athletic type of indivicdual,
(predominating in wesomerghyj. A4s pointod out abtove, m large proporticn

54511“140“, Vs H.' st.‘fﬂMQ 9. s:.p ad Tunk.rp %o Bﬁ PQ 1120' E-JE: &15'
{Footnete 32.) o .

$3chaldon, ¥. He and Stevems; So 5. P, 375, 0p, eit. (Footnowe 334}
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2f the averags wuilege populatlon would be elimivated on such a basis, Thus,
although the athle%tlc type of individual may excel in motur coordination and
charsctorisllos for “officer material,” many indlvidusls may have bssn alime
inated who axcel in other, and equally important,; peyshclogloal traite, such
88 ocurage in combet; and love of fightiag, which may be sven more important
in war tinme,

-

Repults Obtained on Ponss:zole Tunstructors

Durdng the couras of the inveestigation, e group of flight Anstrustors at
the Neval 4lr Statlon were glven most of the psyshologlesl and physloiogiozl
teats. The purposs of ihis part of the study was %o obtain data from pllous
nown to be successful, Alse, meny of them had exprecsod interest in the in-
veptication and had requested that they be givan tha aerise of tests. Xighty-
three of the instructors st the Statior volunicered to take the teats, Their
mean age was 27, with an average of 1,500 flying houra. The rasulis are of
interest for the following reasons: 1In the first plaoe; pilots who heve been
csutetanding in their svovess ik Ilviag snould make high ecorcw in relation to
the group olessifisd ap good or sucgeassful pllots iu this study, Thie ia
especlally trus in the metor coordinatiocn testa, in apits of the differencs
in a3, 1.6,y the instrustore were on the averape flve yoare older than the
cadats. In tho cececnl plase, the sate Irom the imatruatnre should be of eoms
asgistance ln eveluating cemtain of the physiologloal amacures, If il was
found, for exauple. that meny of tho inastruotore shywmed extreme roactions
in the startle patiern, very abnoruml breathing patiorns, low physical fit-
ngsw, or many sbnormalities ia 476 byaia waves, theu it might be necessary
t¢ place a diffsrent ecphasia cn the imporiance of thase toeots from the peint
of view of eslection. The Llistruchors as a proup woers ovistanding pllota.
After the war started e large porosntans of them were wransferred to combet
duty. Hany of them have playsd sn active pari in SUight operations, espe-
cially at Midway and in othor asrial sngscunters in tho Peolfio area.

Ths results obtained for the inatructore are shosn 1n Tebls 19. Ik order
t¢ oompare thelir scorea with a representative group of cedets, the daisn feor
the 3uwocensan 1a Part I {washovts excluded} are algo shown ln the same teble,
In the tests, where %the meens ¢f {the instructorc are betiar, or the siandard
doviationa lower, the flguros heve been underlined. In Sinwiral, the resultis
are aurprlsingly similer, The. oritical matlos arc shown in the last colum,
The resulis of tho physiological teats for the two groups are also simllar,
The 1nstructore made better ssorez in the Schnelder Inder, and they also hed
larger mean Tidal Air Volume, slightly higher eystclic aid dlastolic blood
presaurs, and faeter resting pulse rates. On the Tilt Tible Test the imstruoe
tors were eomewhat more etable, i.6., they uvhowed slight.iy less variation in
response than the cadetas, aa juiped by both the means and standard deviations,

The results for electrosardiography and oleciroensophelography for the
instruotors are presented in Tatle 20, The results from the electrocardio=
graphioc tracings wers on the average withia the normal range of variation,
Thery was ons exveption, f.e., & vase »f bundle branch block, Thls diapgnc-
sis ig indiocative of an important zardiac dleorder. It hos besn contendsed



TABLE 1%

CONPARYSON OF INSTRUCTCORS ARD CARNETS STASIINIOD AS SPUCCESSES IN THE

PEYCHOLAHCICAL RTD PHYSIGLOGICAL TES?S
Standard =
Hesn Deviation '
1. Fayoholopieal Tests: ) Inst. Sueo. 1 de C.R.m
Athlistie Achievensnt {Thorndiks- .z
Eelley) 66 54,0 45.1  2C.4 2.9 3.18 -
Eys-iand Ceordinstion 83  B7.4 69.6 B.E 8:1 2:.45° . 4
Two-flard Coprdinaiica g3 6Eol h&,0 11.9 12.0 014 i
Yashourn Serial Agtion Test 82 £.9 E.D 0.0 1.0 Y. 17
Dotting (MeDouzall) ﬂ 83 2133  216,7 2.8 26.9 1,54
Contimous Reaction (Cattoll): ] S
Part A (the sluw strip) 67 46,7 427.8 77.2 81.2 1.80 o
Part B ('hhﬁ fags atrip',‘- 87 ; KT 322,86 & 7844 Q.79 . N
Parts A and E 67 7.0 THE,0 166,83 141.8 0,68
Ataxiamater (maa:r of eyes alosed) §3 480.¢ 441,% 151.1 11B.6 1.8 .
-
Porosption of Chenge in Foeltlon B8 20,8 25,6 8.9 0.6 2,42 T
Ii, Physlologloal Testw: e
Bags!l Ketabolis Fute 79 =3.4  $0.E  11.4  12.7 2.64
Fiénl 4ir/Body S.rfaas 79 422,82 874.7 §5.0 120.6 3,71 -
Vital Copacity 77 ?..." 90.0 6268.4 747.0 700.6 Qa4 )
Vital Copaoity/Bsdy Surface 76 764,0 2700.3 576.0 320.0 0.64 :
Sehnaider Index of Neurseiroulse T
tory Fitness 83 11.0 8.8 2.9 3.7 3. 50 o
751t Tevlés e
Systolis Blood Pressure 84 12,0 115,1 8.6 8.0 6,08
(reolining) . : -
DMastolis Blooé Pressure 84 TRo5 TO3 8.1 7.8 5.71
{reclining)
Pulse mton?roc lining) 84 71.9 56,2 8.0 3al 5.682 .
Pul" Pressurs Ghango 80 30.8 S04 Ba?7 10, % 0+ 54 *1
Pulse Rate Charze 80 334 379 9.4 10.0 3.85 it
Soallast Pulse Pressure o TE§ 17.2 G.& 7.9 2422 -
Time to Smallest Pulae Pressure 80 11, 12,2 74 5.9 1ed46 TZE
Tete 1t The ondets are oconpossd of the group olassified -
a8 guccessss in tho tables; l.e., Tashouts
are excluded 1n the mesns.
Boke 2, The means of the instruotors ars underlined wher- S
over they are better than tho oadets, and the stane 1
dard deviations wheraever they are lower than the T

ondeats. -,

I
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TABLE 20

ROGULTS OF EIXCTROCAADIOGRAPHY AND T1ECTAOENCEFPHALOGRAPHY
FOR PENSACOLA INSTRUCTCHS

Elestrocardioegrashy Elegtroencephalography
EXO Number of ' Rangs Nimber of
Maasures Sud jects Rating ounlecte
Normml 72 iy 4
Shi fing pavemmker 2 1 6 10
Long P-R iuterval 1 1~ 0
Many presmture baats 1
Startle - CBF vent, 2+ 8
asaape 12dal effecta 2 11 28
through eoctapla beats 1 #= 9
MWno» variationg in
startle pattera 5 3 4
low T in startle teat 2 3 4 26
Jundle branch block ) 3 18
4 o
3 1 3
4= 2

that individualys with such a dlagnocls should be disquslified fram fliylng,
beoaise of a relatively poor propuceis. althoush capes lhoreof may remic
woll for many yeara, iun the study nf tho brela wavor or the basle of tho
ratings from 1+ (the alghsel scors; #o 4« {the lowest rosaible soore), it
was interesting 4o flad that s¢ meny of the ingiructors foll within the next
to the poorest sategory and throe in the very poorest, the lattor cases hav-
ing brain weves similsr 4o thoss ohgarvaed in elinical smses diagnosed an
spilaptic. It will bs reecallsd, ns indicatced above, ti.i a large nurbar

of aonorrel rocerds wvers also found in ke cadetos whe oveceeded in praoing
the gourse (sewe Tably 37). Questicns naturally arise oconserning the poteu-
tial upefulness of this toat in eslacting plletsz shon abtnormalities are obe
servsd so fraquently eiwng pilods known to bse suososeful,

SUMMARY ANALYZIS OF SRLECTEL PHYSHECIOGIGCAL TESTS

A briof pumary will be given o¢f the resulés obiained with the data re-
lating to Breasbhing Paitern, Tilt Table Variabloas, Bralr Taves, and Somato~
typing. One pwrpose ol thls analysis was +o ssloct the most reliable from
a large numbor of itemag im each ¢f thess tecta. In addltlon, it saws necoca-
aary to determins tho extent 50 which the wvarious items were interralated;
as wall ag thelr value is differentiating the washouta from the parent Dopu=-
latlion.

Breathing Patterg.s6 Twenty-three different iterz were measured on $hs

564 more complate dlesusnion of thass respiratory variables may de found
int Franzen, R. A. end Flalee, L. gp, elt. OSoma of the waterial in this

posbion, Lnoludiog Tanla Jigly Tip dumen Foowthie report



breathing petteins feon the metmbellsn charts in an attompd %o select $hy -
most reliadle lrdiges for suoring the rocords iges ¥ig, 10A). Bighd wers ..
finally selecied Zor atailztios) treatwont uz follows: tildal air (mean), . -
tidal alr {gisss), duratica (mean), inaplietlon (mean), number of respite- = -
wory «yeles por tinute, vital onpazity, owyzan congumption, end minute wol-
ums, Thle madl sy s Yiloelly redussd o Jive pa the besla of the followlng - -
ariterias {a) %33t « Tumtest roliadiliby, =mad (b} indepandencs of funution, I
botn physioloplrally and mathexciically. 1hs most algnificant and indepen-
devt funetiens 37 Bhls serica proved ke de (1) the mean of t1dsl air, 42)
+hs sigm of §i:21 alr, 3] the rusber of regpiratory oycles per minute,
{4) vital cerneity. and (&, sxvren sonsumptien. :

E

TASIE 2%

THTERSORRELATIO M ARD RELTIBILIVIES OF FIV: SLISCTUL ASSPIRATION VARIABLES

Turber of Res=-  Jxyvgen
Tidal ALy udel Adr siretory Cyslee Consumption Vital -

Tozg ean; | _iSigmw)  par minute per minute Capecity
Pars 1
{N = 21% for intercorrcistions; E 5 100 for reliadilities)
Tidal Alr (Mesni {2157 i
Tidal Air {Sicm) 250 {76}
Humbsr of Rogriratory i
Cycles per mirhe 253 .38 . {042
Oxyger: Congumotion ‘ ‘
por mdnute 06 olé 01 (4%%} o
Vital Cepaclty 18 12 18 N (89} -
Moan 410 so, 17 0o, 106 268.5 oc. 2798 co.-"
Sigma 1585 ca. 44 ac. 3.4 44 .8 ac. 344 q0o :
Part IX | - ’
{N « 371) -
Tidal air }Hnan} {87
Tidal Alr (Sigme) 54 (.£%) "
Mmbor of Reaplritory . Std
Cyalos por winite & - =35 L 2877
Oxyzen Consumption
per minute '..2? .-;13 “001 (%} LR
Vital Tapacity 022 530 .2 820 Lﬁﬁijr: |
Moan 463 80, 74 ca. 11,2 257.5 e0o 2761 <o, -
Sigmm 154 ¢a. 41 osc., 3.2 31,8 oo, 349 ge, =T

Ths interaorrelations of those five respiratory weriables are showa in
Tabls 21. With the exeception of the oxygen consumption, the correlations sre
practically identical in boih Parts I and IX, Suck stabiliiy of relationship
ia evidence tha: the measurcs invoived rofloct definits phyelologleel differ- JEE
ences among individuals, It is obvious {ro» imspootion of this teble that “HE



i - - thers ls a fasior somen 4c¢ tidal atr QM}F t1del air ‘sigm}, aad ths
£ . . - usber of reapiratory sysles per zimnte. It 12 alsc prebable, thoagh ros

5 © - 8o slear, that vital sapasity a=d oxygen consumption arg independems (4.s.,
faotors in thomsslves}, This jJudgmwent weg confirmed by ratdtiple faotor
amxlysfa,

Corrslations were alge rade (beik r’s and ota’s) for essh of the five
regplratory maazures with emoh ¢f thoe measurss of ihe tests relatiog to so=
. - matotypen, btralr waven, amd 111t isble. The sitriking Muading stoul thece
T panifnlds is ths total abeonse of rolationshiv., ALl of ho r's are under
0.2, and only feuy of he oin’m are eg hich as 0.3, S3elodted churactarige
ties of the resplration wery uncorrelsted with both sormsotypes and train
wWRYeE, Thess two e£rs themselves uncorrelated., 1f thoy wsasure types; thoy
meagure three dilforont kinds ol typsc., The respirstiion measures shew no
relation to the 13 tilt table wuriablse.
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The next step ib the arslyeis wus t¢ »bitale inforcaticn as te She probe
ability that the washeuis for aptitude ave nsl aippificantly differ~snt from
all pilote in ithelr acoresd sn sash of the teuts of wepplirntion. Tha Pavaiues
for toth Perta T snd 11 oumparinzg weghouts rith the [areut populstion ars
showr. in Table 2.

TABRLE 2%

- THE TROBABILITY THAT ASHOUTS FOR APTITUDE ARE 0T SIGIIPICANTLY DIFFERENT
- FROM ALL PIIOTS IN THEIR SCORTS ON WACH OF THE HBSPIRATION TRSTS

. ' W of N of Darsnt
L Part I P=Value Weshowis Distribution

T4del Alr {loan) 285 36 299

Tidal Alr (Sigme) 062 36 299

Nupber of Respirntory Cyolec per minuts .06 36 299

Oxygen Consumption per minuta 8z 2% 242
Yital Capeoity 10 343 294
Part 17

Tidal Air {(Mean) 011 40 371
‘ Tidal Air (Sigma) 93 60 378
Number of Reapirstury GCyeles per minuts .93 60 3n
3 Oxyzen Consumption per minute 02 60 372

Yitni Capacity T 60 371

The deta are not alwmys voncistent., For ingtance, th1» mashoutu in'Part
i differ in numbsr c¢f respiratory esyeles per mlnute, but thosuv in Part II
definitely do nct. A slmiliar revoraal of trend ia noticod in regaml to oig=
gon oonsumption per minuje. The washouts ia Fart I are eignificanily 4if-
forert in oxygen consumption per minuts from the fotal group but tacso in
Part I are not. In Pert 1I the saghouts wers more likely to have very large
and very small oxygon usags. and sverags axypen consumption was lesas charag-
teriectic of thelr bresthinn. Tidzl Air (wean) has a low but not asignificsntly



low Povalue n both swwplos., The borh sxesurve 1w Part I deta ia the rate
el broathulng meszursd by nupbarg of oydlm-

From these .%a ous gawwt a-1e.t any of the moasures as A weans of
diatiapuishing faying a.thitde. Tmepeation sf tre observed and expeciad _
ddatribukions of waghouts vissd in obledviny (ks ohd-zquare valuss puggested
that eepiration sapVres oviendsd over a perisd cof time mieht reveal batter
prediotlve walus - in thoes ragplraiion mavgurao.

.38 Taplis Trab, A sors extsmelve azalysls of Sha data from the zilt -
tabls sest ume bvoow seds for 13 cifferevt variabler ng Llated in Tuble 23,
Eagh tost wan ecrvalated with evory othoer ons, and the gignilicunce of the 5
differonse vas colsuleted botwosn the distribution of washouts and the par~ ~
oat population. [%a indercorraslitions of onch of the 13 tesis with every T
othayr 1g showr ir Tadblae 23. From the nature of thaso differont meaas
uree of the eawe aardiovassilar reastio:, one would expesct to fina correla-
tion emoag them 37 the measuremonts ars functions of ths individual, It 1s,
novever, only the mogt obwisusly related measures that axbdbit eny signifi-
sant coefficient of either -insar or ourvilinear eerrelation. Only two of e
thuse, ohange in pulae rate on being tilted and maxioun pulse rate during - -
the test, have gvf{lislent corrslation ic guzzest evaluation of the same
fungtion. The initlal aad reximes chanzs in both gyetolie and diastolie
btlood pressurea have rfs e low as Cc.6 and (.5, respsotively. Initial amd
maximo pulge rates oorrelats uniy 0.3, The time intervals t¢ maximum and
minimim meesureg are ocusletunfly unrelated to sny of the other measures or ]
to sach othar, o

Thogs low cozrrelatlsus rsy be duad to the 1ack of rellability in the meag- -
urements. A tesi may bo accurate (a2 e measurse of tilologieal instent) and hl
at11l unroliable aa a mwasure of the average physiclogical function of the
individwal, Furihier; $he physiclogleri state of the irdividual at a parti-
cular tine may b properiy dsaseribed,; but tho individual gtlill may not be
nirged in his trio relation %o nihers, Ralieble definition of individual
di?ferenaea la a srerequisi‘c to correlation,

The nositlve and nogetivo moiure or the oorrelatliona smust, of courae, - SR
be oonsidered in terms ol the sowring srrangavenis of the teste involwed, :
In the oase of srallest pulne prevsure whon corrslabed with pules preasure
change and with meximum £ stclis shange, for iustanse; the nepative rala-
tion lmplies- tha! thare i3 c $enioncy, when the amallest pulse pressurse is R
amaller thrn uaw-, for tho pulss pressure change and tho maximum pystolle ) L
change to be Iarrsr than vawml, This relationghip would be zroster witk a ' =
lerger variance 1., tho sompling of individuel ecores.

When the acoras of 4us vmshouis are senjmred with those of other pilets;
it 19 pogeible t svalurte the oxient to vhica any tosi distingulshes tha . "
saphoubs Irom 4he parent popidaticn. The D-value getermined by shi-squarae -
to read ea foilowi, Inltlsl systilic uhenge with a Prvaluo of C.48 gawe -
soores to waghouts suffislesrily liks tha scorss of =il Xilots ac that 48 L
+imes out of 100 or about 1 eut of 2 tinos would 2 ddfferctice ap larps as
or larger than thie ocour by chanze. The taet carmmot; therslora, be acceptcd:
as mosawring & trolt which distinmulghes betoor auccees and failure in fly=. - LET
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TARLE 23

T AVT ata OF ERGH TILF TATLE T3s9 Witdl EVERY CTIR
(% = 359)

S 1) (2 (8} (&) (B (6} fv3 (8) (9. (l0) (i) {x2} 1%
{1} Fulse Fros- r )
<~ ‘'surs Change ete ="
;’(271 Pulée Pate *r 550
=" Change ete. HRE 777
{2) amllest r <341 =272
- . Pulme Prespure ota 374 3068 7777

{4) Time Interval r 137 ~026 082
" 4p mallest P.P. et 197 135 175

L ET & |

{5) Initiel Sys-  © ~4B0 226 300 021 _ __
. teldie Change ot 450 S2& 351 D24
~(8) taxinwm Sys- r <476 342 472 039 560

tolie Change eta 478 396 483 271 627

“(7) Time to Vaximum r 035 =074 071 -260 -101 17 __

' Systollc Change eta 197 161 235 330 229 =243

i(8) Initisl Dias=  r <308 (22 045 000 -080 <096 ~0B4 ____
tolis Change  eta $57 1B Z01 150 166 241 163

{9) Meximm Diss=  r 477 025 064 -21) -201 =179 #124 472

" 4plie Change  eta 486 279 224 34¢ 216 249 182 582

hal T e

IR L

J10) Time to Meximum e «}11 Q0BG 305 -276 083 =GVG OR® =001 203
- Disatolic Change eta 251 227 2351 317 20§ 25% 1V 281 41

,%1)-1:111‘.31 Pulse r «174 =480 120 =036 159 238 (o3 0856 08, 0001 __

Fate Change cta 234 435 2& 2IH ET3 S 2np 14 267 188 T

{12) axfrm False ¢ ~185 847 E67 oCiB 109 261 ~0iT OuL OB -071 F9
‘Rete eta 185 647 269 120 228 325 187 jve 223 136 293

%) Time to Maximmm r <043 <252 021 O0RZ QB <043 0008 <003 ~(A47 -008 308 D87

- - Pulse Eate sta 104 281 P04 116 160 204 143 1va 265 131 £73 148

© Weayn 2R.4 57.3 17.8 10,1 7.6 15.1 6.2 1.l 22.% 12.4 17.2 103.5 7.8
1 gma 9.3 10.7 7.5 5.7 8.9 9.5 6.1 6,1 L«3 8.0 8.5 13.8 5.2

Note: Tha declmai ponrts hav¥ been omitiad for sonvenienow in
pregenting the ~'s in this <able. :
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ing. Therco is oaly one oo, tluwy Astervsl 6o smallosd pulsé pregaure, where

the dirlference tntwesn achowtr una &ll ylicts iz large snough to uake it
anlikely that it s due {c¢ chanca. Hotezsn 5 amd 6 timea out of 100 .(56 out
of 1,000) would the ohancs difforonws of a smple be se large us the depar~
turs of the wugreout digtribubion from thady of all pilots on this tsut, Tn~
spestici of the odcervad aud vxpeoted distritutions indicatns that the wash-~
outs aro more art to have & short tlms ininrval %o smallesst pulse pressure
4han ars all plisés: Thore acs 24 mashouts govdrustod with 10.F expected
casas who are 0.7 or mere standmid deviations asbove the nmoan (low original
soorea} and B wrshouts with 12.3 expaciod cusvys who ars .7 or more stand-
ard doviations Lelew %te mosn (high oriszinal acores).

¥Winan the acceres of pllotn vheas spiltade hoe heen fa question, bt whe
have not been grounded (board Gppesrances), arv compared with all pilots,
the only teot meking suy real distinetion ia smallest puise prossure {eee.
Table 24;. The mossures cf smallest pulse pressure put 23 of the sslscted
group with 17.7 exposted cress sbove the meea (low origimal scores) and 13
ebearvad with 10.3 sxpeoted deiu~ the meun (high orizinnl ecorsa). These
differences whon expresasd in surller loborvals (wroduced a ghi-square of
11.24 whloh wouid oeccur by ononce snly O hiwes out of 10C., The P-wvalue
for washouts on thle teost wam 0,25,

Although thias one applivation of physiszal msasurss aiter the tilt table
axperiesce oanrct give us reliable bages for teat selection, the pulse pres-—
sure tests offer real pomsibilitiss and gnowld ba further valldated. The
gthor oardiovascular ratings, -ith the sossivle excaptiion of time to maxi-
mum sysiolic chenge, apparsntly tave littls likellhoed o point’ mrg out fly-
1nz handicapa. This aralysis cf the $11% tuble data suznests thats (%
fhare should vo furtner stuwly of %ilt tadle materials whieh will iluclude
snotugh repeat tests 40 detarmins the wariance of individuals over fime; (2)
tilt taSle measpuress, when given anly onge, dc not prowdose values 1ln solae=
tion; final wvalidation recte on more oxtensiwve measureronts for sech piloip
(3) intercorralstlons night offer the poasikility of olassific-ilonn by
oardiovascutar typo [(when ralistls individusl differances axze iohorained),
and thsae -m; e woolul In Ludnsouee probletu.

Elestroence; balopranhy and Lomatotyping. The verious Ltems used in thewe
moasurements in the bhruiln e and pomnbtotyping are deacribed esrller 1a the

raport mea pagis 21, 221, The vesults .ill be roviewnd for Loth ihe brale
waves axd sematutypss @s worl zs the relaticnship betwesn warious ilems of
those two tegta. Tables 20 4, 3. and ¢ shos the intercorralations between
{1} the iteme 11. “he brain wave, {2, the items in the somatotyping, and {3)
the imtsrcorrelaticns tetweon tho bruin weye measurea and the sonciotyps
meABUTes o

In tho cmse ot the eloctroencephelogrern, the four measures ars seen to
ko  wwsldatsd; -ith the sxeeption of Alpna Index and Voitams whloh are ob-
vioualy funotions «f the same charastsristic. The lo regative relailonshlp
among the other variables peints to thoir use us reflecting indaperdent, avd 4o
some extent, mutialily oxclusive phenumena. The msoaatotype latervorralations
indieate a compiementary usa. vith ths exscption of Uysplagia thews r'e are
ottt a5 Migh as can sccw In ea entirsly neszative matrirc. 4 high rating on
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TABLE 24

THE PRCBABILITY THAT VASHCUES FOR APTITUDF AWD PILOCT3 {0 HAVE FAD
BOARD APPEARAMCES ARF NOT SIGHRIFICANTLY OTFFLERENY MOOM ALL
PILOTS IN THEIR LUORES oF TILT [ABLE TE;3D

P~7alu=n )
Nonxd
Yushouts Amanra o8
¥ of Farent ¥ of N of Decard vi. Perent  v4  larert
Til% Table Test Popuistion Weshouls  Appearances Poonirtion nghtiﬁ_
- Palas Pressure
Changse 351 53 _ 8 -6 23
Pulae Rts
Chbrig 361 38 56 78 2T2
Sallast Pulae
\  Proastre . 6l e 1 .25 el
Tiga o Smalleat
Pulze Prassurs S91 33 nE N 279
" Indtla) Systolls
Change 331 34 b 243 24b
Yaximuom Systolle
Ghange LE:3) 34 LT =73 -85
Time to Maximum
Systolin hange 38l 34 &L -49 ‘ 220
Iinitial Diastelio
Change LT )Y M4 ‘ &7 s 26
Paxizum Diartelie ,
Cnange 381 4 ) U5 274 ¥
Time 4o Mmximum
Diantoliv Change 63 LK iE 58 N
" Iaitisl Pulse Reza
Changs 362 34 { 8% T4
¥aximum Pulée
Eate 563 4 pee 28 L a5

Tume o G0y 1mun
T T oe Tate AT z3 .3 e B



r AN ebuy LT

Kezamorrhy

r AV e OF

Yoileps
Alrhe Indes
Alv=a Tiag

ucncien

Abvsormalitics

QHQQ_WL:

SCHLTCYY

=A0F S0ATVTITR

AR I
Eial
. el
RS “955

2t
63
1.1

TumH 25C

. fa
- _J‘
4 ‘ii}l g:ﬂiﬁ
M oari oobn O Wiy BOOCTROEND YBAIIY TS
¥oibane Ao Index
rooeie £ ata
Alyas. Srdes Ty I
Alpis .'taquongles —eed L&3 -2, o
Aboormeziities U7 LG e L3
g ask ;a5
lioan 20,1 Jde
54 pmn, 70 HE1
T ed 28R

o

CACE S SEDT OviRY OTHER -
o
_ v
i Ld et -Jr::a;:
Troqueneler 4 . '
g ata » ein g
= l;|l} HE{" 2
i - 7 ‘ ;:){
355 353 o

2.6
1.8

FASUAL SILTH EVERY (IHER

Mapgnorhy

Bghowerohy  Dyeplasis -k
ota Ll

eha T ota r
[t}

[

L3 SO0 c25

364
15:3
3a3

PE MmN GITH XKLEGTROZUCETIAL OGRAX MEASURES

0'\‘;#, r
en ) 0%
' . O%
- ~
PP AR el LS

‘ra} 7'“13

ECI’AGI'; X

Sebomgrphy Dysplagia : y

aha, r ein r L i
21,03 ST =04 227 B}
ar o3 36 W05 Lm0 T
L £ A9 22 U3 _

o «0% .26



et

ary one of the threse measures temla %o be assosiated with a lower rating on
the other twc. It i3 possible, therefore, for thesa two cets of measures Lo
looate an individual within a distridution of individudls. varioue sogments

of which may bo called types. "hen the relations of thosu two sels of measg~
ures (Table 25C) are investigated, it is apparent that tho types which they
may distinguish are of entirely different ordera. As have appeared in ancther
report, these twe methods of psyvoho-physical cinsslification are ealeo antirely
unrelated to a third, respiration. If thoy all measure "iype," then thore
rust be varlous kinds of type.>T

The next step in the anslysis related %o tho study of the tests for thelr
valus in differentisting the washouts from the parent population, The results
are shown in Table 26, An sxarimation of the tables makes it olear that the
washouts do noi differ from the parant population with reapect to the distri-
bution of their scores ou any one of the somatotype varlables used alone.

This conclusion rests upon the fast that none of the Peva'ues 1la lower than
0,23 {for mesomorphy). Even this lowest P-valus means thut, as many as 23
times out of 100, as large a difference as that between washouts and all pi-
lots would ocour by ohence. Esseatially the same conclus-or is wurranted vhen
pilots whose apiitude is in doubt but whe havse not been grounded (board op-
pearances) are ocmpered wlth the total population. With “he exception of

the somatotype for eotomorphy, tho lowsat Pevalue is 0,18, whioh meens that

at laast 10 times out of 100, chance would produce a diapurity as large ss
that between the board appsarancea and total population distributions. Such
disperity cannot be conaidered rellabls.

The somatotype for ectomorphy has a P-valuo of 0,06, This value is alse
balow the level of atatistical sipgrifioance employed in tlds study indioating
that sush a differoexce betwesn washouts and wll pilots would osscur by chance
6 times out of 100, Althoush this finding 13 positive, ii can be only sug-
geative sinos it aould have cceurred due to ohanea differances in the data.

SUMBLARY

Ag indicated at the bvasimning of the ustudy. the deslg: of thie investl-
gation involved the asdministration of a large number of paycholegical and
physiclogical Hesta to approximetaly 1,000 cadote and offilcers so as to de-~
termine whather sertein of thiee tests weuld differentintz the succosaful
pilots from the wachouta, or those whe fa'led =he flight uraining course.
It wag assuned that if such tasts wars found, “hey mdght ha given at the
time of initisl seloctlon in order Lo prevant much time and effort from
baing wasted on wen sho were oventually droppeid for poor aptitude. At dhic
time, 1t seemg in ordsr to prassnt a gensral vrecapitulati.n of the tindinge
An all of the mseawres emplioyed in ths ataly. ,

Two moasuras of reilebllity have been sees as oriteris for differontia-
ting susoeseful pilots from posy uvnes; 1.0.;, 7aghouts and doard appearances:

ERY

=

5TDetatled atatlaticel anandysis of tho data will apprar in subsequent
reporte.
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raBLE 26

THR PROBABILIY TRAT VASHOU'S POR AFTITULL AND PILILTS WHO HAVE HAD
BOARD APEARANCUS ARE HOT SIGHUIFISAITLY DIFFCRENT FROM
ALL PU1OTS IN DIIR SOORSS ON BLACTHOEINGISINLOGAM
AND 3OIATUTTFE MEASURES

E-Valuo
Board

daghouta  Appearances

H of Pareunt N of ¥ of Poard va. Parent vs. Parent

Leoat Poumiutivp, femnguls A asz Populstign Iopuiglion |

S1zatrgonzepnalone:

Volteps 358 4 34 « 23 <97
Abnorcalities 355 34 34 +30 « 30
Alpta Index ' 358 4 34 A3 <38

Alpha Frequenois. 5% 34 34 .88 53

Socnbebyps
Endomorehy 364 34 35 .73 18
Mescmorphy 364 34 k11 223 66
Eotomorphy 364 34 35 :15 .06
Dyeplasia 235 18 27 604 o 82
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CIFFSRENCES BETWARER TME NEANN FoR 350D AXD FoaR PILOYS

) TABLE 27
= TESTES IN VHICH SRITICAL BATIC IS cREATER THAN 2,0 iN COMPARTNG

mf*itiui) Sutico B
Gord Pilots w2a
Woshovta plus

Tost SDuocezzes ac waghout - boad Appstireacss
oo Pezb 1 Papt 11 Part; 1 Part 1I
_?"\ llental Ability (Otis) f. 52 284 8208 Z-.82
‘ Veashanical Aptitude (Minmsosia) - - £.56 e
Athletie Aohicvemant {ThorBdike~Xaliey) £.19 % _— *
Eyo=fand Coordiration 2.08 .87 227 2.7
Terp~Hand Coordimtion 540 3,81 LT 2:39
" Yeyhburn Serial Aostion Teot e &7 TL 27 Ho 64 2,25
< Detting (aDougall) e 2L o
Tl Centinucus Remstion (Cebiynll s
75 Pert 4 (the slow elrip) g_(s oy 3.05 arp
4 Part E (the fast stpin) 2.33 o 3.37 X
Yopta A nnd B T 45 s 8-35C $u
’ Cphthelmogreph (Fixabiors/iine} FLE2 = - N
Tidal Afr/Body Surfase e - . 380
" Vital Capeoity £.75 » e
Yikal CepaoityMeey durfeae v 72 n
T1i% Table:
Systolie Blood Prageurs ! e - .
- ) Pules Tota - L@ S .
i Smliest Pulse Frosurc P s . -
& Soxd Presanra
' Grentest Syeualis Thengs " 2,00 *
Treateet Dlastolls Chapps g0 - - 3
) EL 30t rearsaphnlogysi o
n Foltays : - S 2L .
e ienowaiitiza we : - 258
o 7 Bedy Budld (Srastotvpiue
Endombrphy - LR - 2.0k 231
Aot esiorphy k Py - Y

SPeds eBf L8E 5570

ca gt v b pgaeos.
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narely , the critieald ratios bebwsen the zsany and the P=veluz for the ohi-
square betweea the two distributicna, Ir fble 27 all of the oriticul mtios
greater than 2.0 in comparineg the differerse veiween the mean for good and i
peer pilots huve veen sumsur:zad. Althevzh 2 oricloel ratio of 2,0 or at st
lsapt 2.5, has Lroan the eascurted lavel of ilzgmiflaanse throughout this in- B
vestimation lt a2 tliousht erivizabla to dnslude those botween 2,0 and 3,0 -
ia thia tuble in ordar to biding out any further treunds ia the data, 4n in-
spaction of tho !abla iraioiies that the payonolozinal tesis proved to be of
greatost value |+ terma of Ll:a ohjectives zet up for this study.

Thae rosults <viained with the P-value of the ¢ri-squaro test betwesn the : -?ji
gistriimtione of tke aucvopnful pllote, vashouts, wnd Yoard sppearandes are L
showa in Table 2. A1l vuluss leea them O.12 have been insluded. Here again, R

it 13 cbvicue thes Lhe peyahologicel toasts difforsntinted the rood and poor
pllois far more tucoos:zfully thar the physiologiczl ones.

TOOTS 17 THICE P=ViLUL 15 LSES TUAR .02 IN COMPARING
T DISTRIBULION OF GWD Al PCOOL FIIOTS

E=Valusp
Good Pllots vs. o
Washouts plus ok
Tegt Suctossus_ ¥e: vaghouts Loard Appearances '7 <
Part Fart X1 Part = Part I
tlentsl Ab1lity (0cis) - <0 - -
Eye~Hand Coordinetion - =01 - 21

Tem=Hand Coordina.lon oGl »01. A0 - .
Maghburn Seriel sstlon Test +01 02 -0 w1 .
Centonuova nesstion (Gattell)y =
FPart A {ihe alar strip) = * 01 * -
. e
Bedy Bulld (Somatriyping)a _ .

Eotomarphy - - « O -

#Tozt was nob ocore:) in Fart 1%

X

CSORC LS TOHE

Hat, v

The following tentative conslusions may be drawn {rom the raaults of this
exploratory inves:iization:

1, The peycusicgisal tesss az a grovyv differentiated the: suscesafu. ple
lota from 4he peor pllotn .washoists and board appearances; in 9 ours sf 7nd €1~
cent wuy thmn the phveloligleal ones. Judged irp terms <f the oriticel relioa
vetwoar the rmuada 23l the Pevalve Lotween the twe distridutlons; ta- frilow
ing Zour ppyshelogioni tests vhowed aatislactcry reaults: {a; Ukig Tort oo
hentel Ability, 'L’ Eyeslsxd Joordization Test, (e Two=lland Cocrdination

T s
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Test, (d)} Umshburn Seriel Acticn Test. ¥or theze fowr t2gts the ariteria
were uphold in practically all of the various groupings: when the successes
wore comparsd @ith the washouts and when the joo0d pilots were sompared with
the washoute plue board appoarences, as well us in both rarts I and IXZ, It
may be tentatively soncluded, thersfore, that the above Ghros cr four tests
sould be used in a battery at the tiws of original selestuicn to eitminate a
gertain percentage of the pilots Al the lowar ond of the dietribution from
splistment or from contlnulng in flight traiming. This ' wvapecinlily true
i¢ they are used as a batisry with tho advantage of compinssitlon.

2. The phyeiologicei tesis, in contrast Lo the peyoaologleal ones, wers
not successful in differeniiating the good pllots from (s poor Filote., Cf
a1l the physiological measurss employed, Vital Gapacsity, or Vital Cupacity /
Body Surface, and Time to Smallicst Pulse Prespure aftor “einz tilted on tLe
T1it Table are the beet possivilizies. It should be remumbored, however,
that the resulis on theas varisbloe are suggcutive of trowmds only, and that
the differencos between sritcrion groupe smployed im thin etudy tell below
the aoccepted lovela of algmifisanes, 1l.3., below A gritizal ratic of 3,00
or & P=value of 0.0Gi. Further awlyeis of tho 2aie indiontsd that the low
roliablility for the rhyeiolagloal wessurep may BATY boer. dus to the faci
that the toasts wers nod truly reprepentative uf the indi-icual and should
nave been repeated wore ofton und over 4 longer poried ¢’ time to obtain &
higher relisbility for emch meacurs. '% ig s.ge possibl: that certal: ex-
perimental irreguicrities, e.s.; chnnges in tompsrature lLotwsen Parts I ard
1I of the study gave viue to u saapling srror in the oollection of ths data
on tnese variaklea. It wmust be gonelided, thorefere, that before any of
thess phyelologloal moasures oan bs recomaendod for use in the selsstion
of pilots, relinemes’ standardizaticn, and erows-valideilen would have fic
ve carrled out with the most promising toats.

3, Although waay of ths phyaiologlcel and psycholog.cal meagures om<

- ployed in this study 210 nod dif’srentiatae Dotween the siocessful pilots

erd the poor onas, it ie importast to shoepve the meneral trand of ths e~
culte. Almost without cmssepticnm, the mosn g2ores for th: hoard sppearenged,
or for those who falled a larze nusber of flight checke, sere belew the Lssns
of pilots who ausceeafully comrletwad ths courne. Purthe were, the means for
the weshouts wers zernorelly bteioy thege of ta¢ board apprarances. Thug, wach~-
outs und thoss having board appearanced, jended to mke poorer (but not signi-~
flpoantly poorer) scorez oo «il of the teatg. Such trends sa thape shoulid nod
bs overlocksd im the lecign of futurs research on the construction of 4est
battariea for the peluation of ailreraft Hileta.

4, although 1t has Yeen suggested tit sertain of ¥:a tests employad in
thie study, 2.8., anipolkonia, electrooardiogaphy, and alsatroeencephalography,
ot still prove of valun in ibe handllng of ind:vidual elinical capee which
soms before the f£light surgoor the regulie o thism invee igation incicale
that they ardé valusleme {in thelr presani foru) for the uredintion of sucecosk
in Tlicehi trainfing.- .

5, Dafinite sonciusions ocnserming uhe wplaiionship botween somatolyps
and flight training wiscems sannai be dvavn Crom the resulbs of this inveztl~
gation largely becauvss ths Froup o eub innta wan predomdnsrtly of one bedy
Lypo, vig.. megomorphio.



RECOMMENDATION: FUR FUTURE RESZARCH

On the bagls of the sxperisnce gainsé in sarrying out the lnvestigation
.desaribed in thi report the following gsneral ouioomee of walue for future

rosearck in the .evelopment of batteriea for ths asleotion of nmavel aviators
may be menticned:

1, Cpiteriiq. The examipation of flight records, more particularly of
flight jackets, ruggests ths nesd for a thorough analysis and revision of
tralning records with a vier to providing mora asoceptable and dstailed ori-
teria of pilot p-oficlency.

2. Fpygholigical Tepta. FHsgulte of the investigation indisate that
the following teis warrant further ovalusiion os selectlon inetruments)
(1) Otis Test of Mental Ability ior an squivalsnt test of genoral intelli-
gence)j (2) the “woeHand Goordineiion Test; (gg the Meshburn Serial Action
Toesty and (4) the Eye~Hand Goordination Test.

3. FPhysiolugioal Teptn. Tks sxperimental findinge point particularly
to the nsed for investigating further anc improving the reliability of phys-
lological testa t.efore they wan he sor%uualy'aonsidared for use in cbjectiva
batteries for th- selection of pllote.”? ‘Tho questiomsble reiimbility of thg
phyelolozloal terts, combinad wiih tue gonarally negative findings of the
relationship batrean test reaults and eriitsrie of fliight perfermance, provents
$he formrlatlon ¢ poolfdwe pocoriwndaticna podnging 0 tho uge of surr tests
in selesoiion prosrams.

4, Begeral The lindings of this ianveastigatlico poini to the need for
vsing heterogeuns nus groups, aonsiasting of sppidcants for flight training,
in the definitivy exploretlion of the validity of pesyshologioal tests, phys~
iolozgiocal tests xnd other ssleotion teohniques, 4ir sccordance with the
usual praotiosa In teat evaluation,

5ngggg;;g_1g;;, Seleotion tost battsries now smployed by the C.A.A.,
the Army Alr Forte and the Naval Sureau of Aaronautica all include one or
wore of these teits, with the excaption of the Eyo~Hmnd Coordination Test.
Indepondont valication studiss carried out by tho jervices and by the Na=
tional Ragearch (cunoll Gommittes on Selesilon and Tralning of Alroraft
Pilots during th:e lagt three ysar: have provided evidence that theso tests
oun pe used effectively in pilot selection,

Egﬁﬁijgxlggkgﬁgn An example of & detalled apalyeis in an attempt to
determino the most reliable weamsuree obteinable from ons of the physiologie
cal tostn 18 described in- Frarzen, Ruymond andi Blains, loulsa. Op. odt.
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Toeelagieg Blirlaatior Pase, Gk 4., privwmtoe and

Previous fiyiny oiperience

Tapacllansove )1 »
- looation Heurs .4 e
and Sontrot ™Fs  lhmbsr  Drupped  Yeur Approxdie :

ApoTox. or Tmdoy c" in Zvom mts gtand-

.. Batos ingirveiien Parg  ylasy  Ireindog ing . .. L

i A S L AP | A 4 P e . Tt i 1 T .;-:
Stats roughly the anount of jassanger time you heve hads - . _;1
Commerelai airlines _ - i

Frivate planes — N
Militery »lanes — — ok

At what ege did y a2 first go up ir an nirpiane? _ ¥hat flizht meneuvers or -
routine proceedinis have sesmed oeslest for you %o learat? —
That ones have semed particuvlariy difiiculd? ;

‘hat have your inatructors ccnsidered %c bz your atreng peintel ' o

Your weak pointa®

—p———

If you had youir c:cice, what particular typs of aviation would you ;jrafer? {Cheek) - .-
Flghting car-ier_ ¥ilitary inatructor Co W

- ,E

Patrol . Commerscial insirueter ' o
Soouting and observatiowu Frotography . -

Test piloting ) . CGunnery_ :
Have you had any Zlying ascicentay lave you had suy near acseidonta? -5
Degorlbe these ani state itheir aflset upon you —-
Signntura:
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s~ . RESULTS VROM UUESTINWRALRE MATATING %0 FERSGMAS
e (Pamily History)

~Internal Grandmokher:
- Foam Apge {living)
‘57 -Hean Age ot death
S . lmbternarl Geendfather:
Yean ige ‘livigg)
Uean Aprs bt death
Patornal Grandmother:
" Fean Age (living)
Hean Age ot death
Fatorral Crandfather:
Mean Age (iivinmg)
Hean Age nt dsath

Cancar
Tubersulosis

Heart Troubls
Eidney Trouble
Insanity

Diatoses

Allerrzy i
Nervsas Breekdown

’:‘. l’:’{.-' -

IABLE =1

Other {(S8er. Ilinesang) 11

. -Pather:
- Hean Age (liring)
Yearn ire &t death
- - Sericus Ilinesses
Ydueation,
Grarmar
filgh Sshool
Collage
College Plus

Hom

T Hothery
. Yesn Age {living)
Fean Age at dsath
Serioaz Jllneames
Eduwost ions
‘Tramny
Tigh Ssheol
Colloge
Cellepa Plus

FULCESSER

53?% i lﬂ:&ﬂﬂ[ ‘EE;E ir !Hgdlf;

B gemes ¥ Zemw
fhade 32,1 Fi.2% 31.3
5544¢ 5719 ?4:9‘ BBoT
T8 R 26,3 Ti.le 171
BT T 13~i T4 N 8309
Y I 514 TVedw 21.5
F;;G"*‘ 331'3 7*&4:5* 78)4'
91,85 34.5 .84 17.8
a6 85.6 Td.6% 82,7
3 15-% Kis 18.3
25 Il9 24 6.8
&7 24.3 80 21.6
23 . 44 10.5
a 5.4 3 0.7
18 T+7 - 36 8,4
21 B.9 AL 6.7
26 11.1 26 8.C
4.7 13 5.1
3752 80.2 H3.dw 8¢.€
5‘:5" ?5958 4?4 8. 10\94
42 17.9 ng 2C.0
4t 25.4 a1 2¢.2
i 1ol 37.5 ie2 37.9
50 anr.s ™ 22.1
bl 9.4 48 13..8
32.4% W58 405w 92.1
48. L 9.4 cu 4 7.9
152 £38:8 68 16.8
32 15.7 64 19.%
105 £5%.6 188 5&.8
b7 29.7 72 21.8
O 0.0 7 2.1

 Ipoidense of Disomses xrmg Bloed Relati-aes

o WAZOUTS
PRI, B
ar
L. Semter N
TH. e 48.7 TBogm
Tald 56 & 8.3
75.5%  19.4 TT.2%
Go. 0% 86 58,1
Blcl® 21,9 TB.24
68.5% 78,1  B8.3
TBC* 21,0 ?Baﬁﬂ
68.3% T8.1 TO.2%
10 #5-6 16
4 106.3 11
] 23.1 2b
& 12.8 13
0 30 1
4§ 10.8 11
5 7.7 g
3 TeT 8
4 10.% 16
SE.2% 9. E 59. 7=
56.0% 20.5% h2.9*
v 17.% 4
1l 42. 3 26
&« 34.6 25
c il:6 19
L} 11.6 e
5.0+ 93,38 b2.ux
A5, T+ TeT a5 . e
i0 258 186
o 34:5 25
14 45.3 38
E 17.2 i
o) 0.¢ bv)

CAND MITNTOAT, AISTORY

T
Cenl s

86.5
4.5

17.1
8%.9

54,7

85,3

16.7
83.3

o

BNV ROt
A ot 3 O T m] A

-

1

s b0

»

-t

762
24.
17 7
33-8
32.1
24. 4
1.3

83 i
135. %
i4 L

52 9
46 6
219
2D
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SOCOLUSES VASHOUTS
’P“ﬁ A= = 235_}_ Part 11 (N=dI7) TRet T |

Pax " Per ar - or
¥ Cori; 3% N Cant *» ) Carbxx ¥ Gentﬂ
Soerations T - T i
Tousewifs 120 4.6 308 28.3 29 8B.3 8 813 -

Teacher 18 10.4 17 5.0 1 2.9 7 78
Turse 4 2.8 B l.6 2 5.9 & 31,1 -‘5
Uthex .22 12,7 18 6.2 2 5.9 8 BJ -
Jatelds Activitio iz , ﬂ
Churoa 63 26,2 122 24.9 12 £2.2 44 270 ¥

Sesianl 57 23.7 156 31.3 20 37.0 36 22,0 7
Clvig s 15.9 129 26.2 4 T4 25 15.3 -~
Miso. 62 25.7 30 10.2 & 9.2 16 8.8
Totie 21 B, 34 69 13 2401 42 35.8
Foally Origint Bumbsr of Raolrl ond =
Hationrl Groups reD rasewvbed: : :
1 55 23,3 58 3.9 3 4.0 37 33,6

2 39 88,0 171 42,8 15 8.5 35 31,8 ¢
3 35 27.9 23 2853 7 17.9 26 - 23,8
$ 15 a1 1 840 1 2.8 12 _ 10.9 "
3 3 1.7 9 2.3 0 0.0 - 0 0,0
3 3 1.3 1 0.2 o 0u0 0 - 0e0
Beliplen of Immadiaz Frmilys :
Protastant 159 88.0 298 T4a0 22 56.4 72 84.9
Satholdo 39 15.7 62 15.4 ib %8.56 24 21.8 -~
Jozrlah 5 1.3 5 1.2 2 B.1 3 o RBaTuy
Vixad 33 14,1 37 Je2 0 C.0 1z 10.3 i
Fanily's Reaction t: Prosent Courae: : et
Approve 170 b4.7 338 556 al 11.7%. 4 87 458
Ohjeot S8 13.5 a2 10.6 8 10.7 22 11,875
Pleased 59 18.8 5o 1647 8 145 43 22,6
Torried 26 3.3 7% 12.2 9 18,1 19 10.0 - -
Pleared and Torri .3 23 723 30 5.1 2 3.6 19 10,0 :
. 2
+k
.
_‘7%
A
stlssn of total angwira, o
wsParoentape is calc:lated in tomas of tobal numbor of answera to each question. 3
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RESULTS FROM QUESTIONRAIRE RELATING 7O PERSONAL AND IEDICAL HISTORY

- mld=

TABIE &-2

(Personal and Kediscsl History)

#Peroentage is oaloulated in terms of total humbcr of answera to each question.

Tt T
Crammi TR

SUCGEB3ES WASHOUTS
Part I (N=235) Part X1 (Nedl]) Part I (Ng39) Part I1 (Nmll3
Per Per Per Por

. Copt*» H gont*» N, Gopf** N Sopt

- Have falmied 31 13,4 40 8.0 6 15.4 11 9.7
) Have Deon “"knooked out® 89 38.9 185 40!7 10 27-8 40 3504
Fave had head injury 36 22.9 61 16,2 5 18,5 13 25.5

‘; Illhneaoo Expsrienced:

- cdﬂtl.gioul Pissases 38 16;2 ?‘}- 23 98 11 28'2 35 319(
Im. Ta 2$.B 50 12.0 11 28.2 14 12,4
Heart and Circulation 59 25,1 52 12,5 17 43.6 27 23.9
Ear, Nope, and Throat 150 63.8 153 36.7 24 61.5 064 56.6
Gastro-Intestinel 149 63.4 92 2.1 23 5%.0 23 25,7 -
Genito~Urinary 27 11.5 44 W.5 4 10.3 9 8.0
Heuro=Payohlatrio 107 45,5 125 3.0 20 5l.3 49 43.4
None 20 8.5 103 24.3 1l 2,6 21 18.6
Total with One or More 215 91.5 314 75.2 38 T4 92 81.4

Seriocus Acoldents, Brok-
on Bomwe, Dislogatioms or
Surgloal Operationss 138 58,8 265 63.0 23 £9.0 56 49,6
Tobaoceo Consumption (per day)s
Honoe &) 34.4 162 390'5 14 35.9 36 3207
Up to 1/2 package 64 27.5 124 30.% 10 25, 28 25.4
1/2 to ono peckage 86 36,9 98 24.0 14 35.9 43 39.1
~ Over one package 3 1.3 25 6.1 1 2.6 3 2.7
Do you Drink Alocholio Beveragoa? o
. Yes , 209 89.0 334 0.1 3 Bi.6 98 88.3
. Ko 26 1.0 R 19.9 il 8.4 13 11.7
‘Tolerance to Alochols )
More than Average 48 3304 67 216 15 57.7 21 36,2
Average 70 48,6 115 47 .4 6 23.1 28 48.3
~ Lema than Average 26 18,0 61 25.1 5 19,2 9 15.5
-~ Comsultation with Dentist {per ysar): ’

' less than Once 19 8.2 45 11,0 3 T.T 15 A13.9
Unce 7L 30&5 ]q51 360"? 9 23-1 32 29.6
Twice 122 52.3 172 41.9 24 61.5 55 50.9
More than Twioe 21 9.0 41 10.0 3 1.7 6 5.5
Naver 0 0.0 1 0.2 0 0.0 © 0.0

Do llnr Foods Disagrees with You?
. Yes 43 31,8 52 19.4 5 20,0 10 23,3
Ko 92 68,2 216 80.6 .20 80.0 33 76.7
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Reered by Yhamt
Yarorke
Jathor
Lother
her -

Thera Rearad by Avss -
faw Inpland
-11d6le Atlantle
foutk Atinwtle
Torsh Csgtrel
touth Conbrel
! ountalin
Feaifie
Foreizn

Porviation of dome Citys
1,000 or less
1,000 = 5,000
i‘:gC’m - 109%
30,000 - 20,000

- 20,000 « 160,000
100,000 - 1;%30(‘;
5,000,000 and ovs:
Total undor 20,701

Birth Order:
Tipss
Hemond
hird
Fourth
»irth
Hlxth
Uors %¥han Sixth

103

Marder of 5ivlings (. noluding falf)s

-,

Eadis o b

[ L I
o G wie £O

l'opa thap C
- Uetn Mumber of Egotiops
Taesn fumber of Sistors

PABLE -3

; CUESTIONHAIS 3 RELATING TO RENSOUAL AD (JEDICAL NISTORY :
{Pnrivonpental Infinendes) "
______ SUCUBSSES WASHUUTS
Ryt 1 THe233) Dart L (Ne#l7) z 3 1187
Py Per rar ft_ﬁ' B

.-..E... E.?sgf:{* .-»j'i.. Cantr ¥ N Caxlynn n ‘ tn_m :g
a8 82,3 24X T7ed 82 84,2 86 TBu2 &
4 1. 17 504 1 2.6 1 0e®
2z 10, 24 Ta6 2 Ta9 )2 10?9 N 1
13 S % L34 9,8 2 5.3 1. 10,0 ..
16 72l B 7ed 3 13,6 7. 6.0
23 1255 24 B.1 7 1809 18 15*1 - %
2? 2.2 31 TS 7 18-9 12 1&'&"7 %
8¢ 87.3 158 d0.1 9 24.8 43 3647
22 S.2 BG 14,2 4 10.8 16 12.8
2] 440 25 5.6 2 B.4 7 G0 - o
86 16,0 63 16.0 3 8.1 1B 12.8
2 Co 5 Tol 0 000 G 0.0 %
20 Ss4 5B 18,1 5 12.8 2 1834
23 125 7 13,6 8 23.1 22 28,3
23 10,8 58 9,9 4 10.2 13 1.4 =
26 12,5 42 11.0 4 10.2 14 12.5-
38 17,9 €7 1745 7 17,8 i6 181
62 28,1 & 23,2 10 25.6 21 18,4 -7
pi: £.0 18 50T 7 17.9 8 Ty
of 44,9 209 54,6 22 BGa4 70 814 -
86 S8.1 e 20,1 11 29,7 a3 40,2
82 $6.1 11z 8747 15 40.5 28 28.2
S0 2a5 50 1406 b 8.1 13 12,1 =
14 6+1 86 G 3 8.1 10 3 -T1- S
10 4.% 20 5.0 b 2,7 4 3.5 &
2 {.ua':-‘ ?\. 550 8 801 5 4-? T

7 3.0 1% $.2 1 2.7 4 8.7
. S

T8 820 127 5.5 10 34.5 39 34,5 -7
104 45.2 148 21,5 5 17.2 86 33eG’
Rk 12.% 47 1%ed 7 24,3 21 18,67
19 fad 28 743 5 17,2 13 - 13eB. ¥
5 1.5 10 2.4 2 6.9 ] §a8 .,
lelw p BT Zal® 1.5 o
log¥ 1,44 }o5m 09> =
:f::_'?j

_::jz
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Boonorlo Conditicrw a% Lamor
Vary Good 14
Good Ge
Avernge 106
Foor A
Yery Poor 5
Digoiplino:
‘Mild 33
Variable 1o
Strint 88
Good K
Avurage 48
Home Confliats:
Rone 134
Parants 28
Uthars 5
Broker Homei
Tea o4
Re =00
Ranotion to Heme Traizings
Vary Goed g1
Saticlfactorystivod 113
Poor=Improvavis 2
Eellipgious Conflistsy
Yos iQ
Yo 0L

Aidgan uf votal sokwses.
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TABLE ¥ (ocriinu:i)

SUCCESILS
i
Nantae T
‘;:»3 i
8i.4 L4
47.% RO
Fod £
5ad ]
15.2 75
Be3 &4
5i.4 G2
3 P 8i
Zi.3 GG
35,6 805
13:0 B
1.4 0
107 Ler
3,3 35
EosH 1lL
£%.3 21:
1.3 M
5T 133
RECT Ash

TAEHITTS

lﬂt&i?; Eirﬂ I {¥-538) Pars IX (.
Fey

Paz

Capian &

2.0 % B.l
i, 4 A 324
6156 ‘7 {5@9
1.3 3 156

.8 2 O G

a7 4 15,2
16.4 E3 10.8
2%,9 "8 43.2
21.0 4 10.8
25,2 T 18.9
82.7 - 778
13.8 C 12,7
NPT 2 5.6

5.8 ] T 2.8
e 3 371
3i.5 | 29.7
BB [ 822
1G:0 = 8.1

Npd i T.0
2G.8 & 10,0

Contsrs 4
Ry WP rv‘!-.l.-"h-'!
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g
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RESTIPS FROIR <3 H3EYOHIANH Y PIBATING TO 2LHADWAL sn VEDICAL HISTORY

1

HIGH SCHOOL: it
Losation By Area: T
Har Boglond 15
1'"4d9dle Axlantic 28
3outh Atiantie 30
Noerth Central 73
South Ceabral 2
llountedr &
tagific e
Humboyr of Years:
3. 2 3
& - 4 236
Uver &4 ’ 2z
Sobnlamiie Standing
T'lrat Fourth i2H
S=aonl Fourth &2
Thlr? Fourth 25
Laet Fourth g
Aveurpe 4
Gao: ac
Suijerts Falled:
Yons 179
Kat, Sol. & Vath. 3
For ol Language 2}
Se3ial) Soience 3
Bsologioal Selenoc o
Eiplish B
ligcnllanacus 1z

Extire Curricular Aot ritiecs:

.‘1“‘7"5;-\ e I', el .

{Diusatisy
i SUCCE3EES TASHOUTS i
vary T WS PArE 13 (J-6l7)  fart 1 (N-%6 rt
! Pev Per oy v .-
Coantiws I Gant s T Cents* N Cents+ .
7.9 3z 709 5 13,2 6 5.4
12,% 26 o 7 18,¢ 15 4.8
13.2 28 Fi 3, 7 8.4 12 10.7 i
34-4 15 3'.7‘01 1G 26;3 42 5705 4
1.4 5% 35a0 2 0.5 14 2.6
4. 3P 749 1 2,6 7 8.2
i7. r 71 173"-' 4 10:5 15 1394 }
2. 4 1.0 i 2.6 6 4.9
B9.% 235 87,0 sS4 89,5 95 904 'z
S.6 49 12,0 ;] 725 5 4.9 . ¥
56.% 184 582 20 61.3 39 384 - 7
27.% 47 15,7 10 25.6 42 42.4 &
0.1 4¢C 14,2 3 7.7 8 8.1
0.4 2 07 1 2.6 2 2,0 -
1.8 1 500 1 2.6 7 7s1
41'1 J-E 3& 4 10-2 1 1&0
80,0 82¢ 3.8 50 6.9 12 7.7 .
1.8 a2 53 i T.7 10 10:1 - |
9:-;’: 2‘? 5:; 6 lﬂgﬁ 11 1101_ -
1.3 11 %8 0 0:0 1 1.0
00 0 0,0 0 0.0 1 1.0 - =
Bal 16 83 O 0.0 3 T 340 3p
6.6 12 2o 1] 2.6 1 1.6-+°
ablioations 53 10,0 83 108 g 8.5 21 7.0
A letlos 263 A7.0  ST% 44,2 61 57.6 185 1.8
Sﬂﬁial 53 6.5 B '5-.13 v 8#6 22 ?.3 -8
lanagerial B3 16.7 166 13.2 ik 13,2 33 11.0 . :
Dromatios; 1ue,Urs 1uds, 66 10.4 110 11.9 10 94 30 %9
I"igzellancous 36 6.8 B¢ " 303 5 2.8 -9 s.0
None 11 2.1 26 Pe 2 1.9 2 a7 - -
COLLEGES .
Derred Receiveds :
U. 8. Yaral Aoader - 53 33,1 d Dot p 8.0 2 3.0 |
hyscoiate in Arts 2 1.2 15 5.5 1 4,0 2 3.0 7
hszoolate in Sojemis 2 1,2 1 0.4 c 0.0 1 1.6 i
Bashalor of Arts 35 21.9  ©9 35,4 6 24,0 19 28,8, -
Bachelor of Solenss 50 3.3 106 38.6 7 208.0 35 53.1
(ther 12 T8 41 15a1 4 16,0 6 % S
Not Specified 6 2.7 10 3.7 6 20.0 1 1.8,
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TABLE a~4 {ointinued’

Pop

Contww

e
533
£0.90

5.1

. SUCGESSES . WA SHOUTS
Ters T (We3Z6° Yart 15 (imal!) Darv i (N 887 Fart 1% |imiis)
Pag Poz Far
0 Caat*r I Cent+ N senbes N
Lge Cradustods — T
19 « 20 1c ¥:0 33 1z.3 4 16,0 B
21 - 22 £ 55.0 127 49,4 11 44,0 22
23 -« 24 tf 4T85 78 29.7 8 22.0 33
25 =~ 20 9 13 22 8.3 2 0.0 6
Tajors
Nat. Sei: & Mathe &h 47.5 175 a1l ; 15 42,9 32
Foreipn lanpuage 1 G.5 4 13 i 2.9 2
- kaglish and Spasch 3] £:0 | £, b 8.6 1
Sonia) Solence &6 19,0 3% 1g-3 4 114 30
Biologloal Saience 18 9.0 e 10 ¢ 4 31,4 g
Business NV 15,0 G4 15.4% 5 171 9
Eduoation & 4.0 27 6.3 2 5T 10
Extsa Curpriounlar 2otivities:
Publieations Z6 6.2 35 4-4 2 1348 15
Athletios 164 46,0 Bl 32.1 KT 43,7 99
Seaial £8 4.7 184 18,5 17 19,6 54
lanagerial 43 10.0 B4 1C.5 g 9,2 19
Dramatics; The.Ormnis.zd 6.7 a2 105 ] 3.4 15
Lissellanscus g 18,3 87 11.2 7 B.0 11
Hone 17 4.4 28 4.3 5 3.7 8
Subjeate Failed;
Xone 1za £4.6 17 KZ.4 15 4,1 44
Bat. Soi. & Mathe 37 12:0 &0 21 .1 12 35,8 17
Foreipn language Ic 5.1 16 5.7 b af.7 2
English and Spesch 1 5.2 i8 1 0 0.0 &
Soelal Solemoe 4 2.0 20 7.1 2 540 B
Biclogieal Selanes 3 0.5 7 2.1 0 0.0 4
Businaaa £ 2.6 n 3.2 G 1 4
. - Uissellanzous i 0,0 4 1.4 by 0:0 0
contribut1un to Collepe Eepsmisd:
¢ - 188 L GO D 5B 1.3 g i7.1 5
E0 - 397 NA Iy Tl i7.3 5 14.8 b
40 - 595 o6 15-4 75 1.3 ] 8.8 3
60 - 797 13 8.4 58 14,2 2 547 3
COBD = 1000 6 25,4 10 24.3 8 £4.7 5
“Vigsellansous 1 %, 8 4 a2 ¢ 040 8
saj'groantaza ie eateuwiekhsd 0 e o 0 edel mapbee of angeera b ososh Qusttions

oy
T
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TABLE A3

RESTLTS FROW QUESTIONHAIRE RETATING TO PELSOMAL AND LEDIC:L HISTORY
{Vocationsl znd Asromauties: Interesta) '

SUCCRSSES VA SHOUTS

e
A

Vet T (N-Z85) Paxt 1. (=

T (HAAT]  Park I (W90 Park il | f
Fer - ﬂtg:z "Pgs _E!%%:I #

Contrx |

B Gengax N AN N Coxbse N

Bensons for Entering Aviation:
Folt Eapeolslly

Qualified g Zed 7 1.2 21 247 42
Adveonture and
Salary 58 17.5 4% Sl 7 S.2 T3
Caresr and Allied
Interests 129 53.5 189 7¢a4 50 XEaS 133
Bacape or Seoond
Choloo 8 Sod 12 70 2 1.2 40
Previous Experiemne i3 3.9 124 2.8 3 3.5 15
Lung Interest A8 12,9 108 2851 8 2.4 44
Influenced by Others. 4 Te2 T0 1206 8 7ol 3£
Miscellanccus 4l 15.3 74 3.2 L 10,6 73
Did you Build Modal Fleass?
Yeos 112 Ble.l 193 Gl 18 4754 g5
No 114 48,9 16F &lrab 3¢ 58,0 43
o. of Firet Flight: -
: B -9 1 1.5 4] 2,0 0 000 0
10 » 13 %5 220’:{ 18 2’19‘} 1 0.0 Vi
14 - 17 20‘ 2919 13 ::.‘.;-'-J- 1 1(}00 17
18 « 21 a7 2544 2 % 4 4040 14
22 = 26 i4 20,4 17 THo 4 40,0 24
Iave you had Flylng Accldeunte!?
You is 16,2 11 b 1 Fud 2
Ko 53 B3a5 4R 7.7 2 50,0 1
Yoar 21 Jhed 7 37D T 43,3 i8

s*Peroentapgs 1s onlsulated in tars of tobald misber of aunwers o e&sh quistich.

"3
LS
k3

8.8
16,1 )
29,3 (

P

8.8 - °

4,0 .

0.7 ",:éj

ToT. fg-
315.7 ' ,:3;

"5907_-7
35,3

i
A
S
T‘ {
' S
T

TR

B
E
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BTCHEL T SIOTIGAY <21 708 COF PHURUCTITACY TIeeFR 0iMhs GOV SEN CARTOUTS AND SUGIESSES

S ‘ OF YART 73 SLESERTD f00 V0 LTDHEL HUSMEL GURSTICNHAIRE
Family Hisvomy fer 1 Part 11
; o feberial Geandfocher {(1iTivg) P o R
) Saricues Illmaesss wrory 3leod ilictiong '
i ohhier tham 4 -oss Livied 2.4
o Patteras Living +5.4
A ot 13 dnz . -3.4
' gramma: Sohond andy * 3.0
’ i'athorss Coller: ednstition ial
interost in o'vle nobtivicles +2.8
No tubrzide intervects . 1.8 -4,3
Fomily Opiglnt ‘ne group ol 2,2

Persomal end !fedinl Histors:

- . Ilinev=es wiper znoed: ‘
= Haart rnd otrosulncion wi ol ~248
?r Louro- gyshistele w248
. Sroiromrental Yol rensent
= TEmber of SiL1Iigar Ted F4 1 2,0
“agiplina at Uwws LA w27
Biod 2 +2.9
Aorngu ) 448
R Baveation:
fh-r"’ Tigh Schonls 1vY Feurth 2a Clas 136
# Iy terask In Alhlotioe 3 F
Copllersy Fallar vy Subjeatn 2.8

Vorationtd &nd Acrvzantiosl Inter-aiey

[y

4 " Nemsonc for oatirinz tvimt lony

Palt virsealally gualifiad ) =3.2 =3:1
L Previzog expurigrae ¥8,0
P : Ags of lgh Flipauy 10wid yhars 2.3 $3.6
: , 22006 2,7 3,2
T 'R

¢ 4 indinrtze & hipher poroentage of Svuscwases.
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