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AN ELLTSXS’OF PHOTOCRAPHIC RECORDS OF AIRCRAFT PILOT PEAFIRMANCE
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SECTION B: . Supplemental Regort - An Analysis of dcores oo Aspects
of Flight Performence
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One cof the first problema citacked 12 forsulating the reasarch
progrem of the Committes on Selectien aund Tralning of Adreoraft Pilots
Involved the evaluvation of zsveilsble criberia of success in fiight per-
formsnes. FEarly invsstigetlicons were pade of the criterdis then in uue,
includiag inatrueter retings, iﬁu,ecbaﬂse flight test gredes, =te. '
Concorpant with theoe investigetione were gitndies devoted to the devel-
ooment and evaluniion of metheds of objeetive recording of performence
during flight designed Lo provida mers adeguate zrd reliable eriteris.
“hege studlea involved tha vse of two typss of oblactive records:
graphie and photogrsphic.

Foo the investipatica of the fovuer, scoxmersial grephic recordere
wars avellabls. Remsarsh invelving their uese resulted in'en evelustion
of the cepabilities snd deficlencies of commsrelial rocerdersl and led to
the developrent of o new zrepidie recurder bebter deslgned toc serve the
rssearch objestives of the Coumitiee.<

Resserch on ths photogvaphie meshod of reserdiag raguired thz con-
stroction and dovelopment of choetograpbic irstdllatlons shich would

record Flight and control movemeat dete desscriptive of pllot performenee.

Prajects at both the Unjverslty of Rochizsier and the University of
Paansylvania Iniefslly sttucked tno vdblen of the photographle mathod.
Thils the Bechsster projscet lpzmediz’ely Luned towerds the dosolopment
of & concealed ghotogeophic unis inctuding er Inebtrunent panel snd e
rnontrol mowsasnt poosrder, Shu Penussloaats groun, v ifs first study,
direstly photogrevhss the nlsue Justiment nane) sud the actuyal handilng
of ths eentrols by the rilely Av explorabtary study uvazing tnls zethad
and vielding qr,h‘idanﬂm ndicse of comirol rovsesnbts hasg previcunly
been veportsd In a study by Titelas inn AR pasn .

B . L T

1Vitelss? Moxris 8. and beckgirom, Osczar, Jr. 3fn sneiveis of
grodads records of nlist performercg ojtﬁ ined by maans of the R-5 Rids
decarler, Part TI. “aahrnetonm D. G.¢ Civil Asroneutics Adwinisiration
Bixliion of Ressurcr, Bﬁp@*t Ho. 2%, Hﬁvemoar 1943,

EEcEg33 ¥eluer.  The devedopmend of the C.A L. ~H.K Qo T14pht rom
gorder. {(Cony in Cormilics Filea)

3v1t9133, Borrie 5. end Thempeen. 4. H, 1]
erd motlon phroicaypevhy iwm bhe

= of atnnua*d filghis
rsugxugdgf vorail pilo ”af?ofM““cu,

o o T

U!

i

Report ¥o. 15. Iay 1%43.

Waghingten, D. G.: Civli serorontics ﬁmihmlt?ﬁtiﬁx L*Viﬂ_c o7 Besuzreh.
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. This study indicatsd clearly the desirebility of using a control
movement recorder, mounteble on the plene instrurent panel, for sbtaining

records of pllotst reactions ip eontrolling the plans., The recorder finslly

developed by the University of Pennsyivanisz rescarch ataff represents a
modification of ors originslly designed by Ur, Briam QfErien st the
University of Rochester in vooperatisa with Dr. Dean H. Brimhsll, Direzior

_ of Reaearch, Civil Aercnauiice Adminisiretion. Although the functlona of

the iwo recoxders are similar, the Pemngylvsnla control movement recorder
differe from the Rochester upit in that the scales are linear znd &2 sep-
srate scele is provided for eacn of the conirols. In addition, the
Pennsylvenia Control Movement Recorder provides for more extspded movemeat
of the peinters and ecapily observed referspce lines, faciiiteiing reedings
of the type desired by the projeck.

Presented in this report sre descriptlone of the nhotographie
procedures, methods of mnslyels, and the resuits o the mpplicaticn of ths
msthoda of recordings end anelysis io a group of student pilats zcting ag
subjects in the 1942 Midwest Project. This report wey be Jooked upon
as B compenion Teport to ®iAn soalysis of graphle reccords of pilot
performence obtained by means of the -5 Ride Recorder®, Paxt I, by

_Moxrie S. Vitglas and Qecar Backstrom, Jr., which described sralogous

methods for the anmlysls of graphlc rocerds of performence during flight,
Together, they represent contributimma of the University of Pennsylvanis
Project to the Committee resmssxrch proprem ir the geassel area of obleciive
recording of flisht performsnce zad the dovelnpnent of eriteris of flizht
success.

PR TP

4In more vecent research, the University of Rochestor pettern of a
concesled unit has been followed by Mo, E. 7. Walker, with the ald of. tha
Pennsylvenis rosearch staff; in adapbting th: unit for use in the 1343 Mid-

vesi-Navy research profect.
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SOMMARY

This second report of théJUnivuraity of Pennsylvanie Project on the
use of the photographic method of analysis of pilot performance pressnta

{1 & deseription of an improved photogr:phic installation for use in photo-

graphing flight performance, (2) & descriptior of procedures employed in
the anslyais of photographic records, and {3) s discussior of neesures of
flight performence ylelded by the analysls, with deata as % relisviiity,
interrelationshipss, performance at two stuges of instruetion, and other
facta bearing upon the usefulness of moetion photography in »roviding cri-
teria of flight perforumance.

1,

I3
L |

The photoyraphic instal.atior provided 16 mm. motisn photographs
of a specizl instrument pansl mounted in e Piper Zui:, the camera
field including flight instruments end the Panmngylvunia Coutrol
Movement Recorder which indicates the position of e rudder, =i) -
erons, and elevator. Tne films thus vielded data ag to Lhe pepy--
formance of the plane and the performance of the pilot during
flight.

Student pilots from the 1942 Midwest Frojlest wevrs photographed
while performing certein criticsl mancuvers im Sturniard Ciights
developed for use : t wech of the {our stages of 0.P.T. primery
flight instruction. 3Slnce the .avestigatim included a comueri-
son of serly and rina)l performance, the records of Flight Ak and
Fiight D were selected for auwlysis. The avallabis records in-
cluded Fiight D performunce of 36 student pilots of taa 194z
Spring Program, Plight D performance of 33 of the 174< Summer
Program, and Flight A perfermance of the 34 pilots from both
Spring and Summer Progiams on whom Flight D records wers. aisc
obtalnsbla.

The analysls of the records took the form of a dirsct inspec-
tior of the filme during slow motion projection end ylelded
qualitative rutings on the performance as a whole and on eignt
sapects of f{light psrformunce - wing control, nose zontrol, dir-
sctional control, slip-skid tendency, maintenence of altitude,
maintenanoe of air spoed. coordination of the controls, and ade-
quacy of erecuilon of tae paneuver. :

The analysis was mude by two observers curing & ruting end
re-reting procequre which provided independent Ravings by
each of two observers, Uomposite Ratings besed on « olut
ocbservation of diacvepant cases, end a finai Criterion
Bating resulting from the joint comparison of tae two wets
of tyumposlie Retings provided by the rating snd re-rating
procedures., Besldes hhe over-sll rstinge, flight. ecores werz
derived by eumming the puparatw ratings ot the elght aspeotn
-F "irut performance in orsr te (nia‘n (ndepepdsnr Fuight
LA Pornnedty Tl Beroev, el ritecion FILT | Do

awrn Meemn <0

PR e



From the results of the investigstion, a study wes mete of the over-
all reting and the flight scores in order to determine (1) their reli-
ability, (2} their interreleticnsnip, {3) the predictive value of Flight
. A performance, (4} the sources of varisnce affecting the Flight Scores,
ané (5) possible use of the mezsures aa criterion date.

1. The relisbility wus messured by determining the extent of agree—
ment bétween the various sats of mensures on the same gubjects.
1t wus found thet the Composite Ratings were more reliable than
the Independsnt Ratingg and that the Criterion Betings may be
considerad sufficiently reliable for usa as eriterion ﬂa%&‘ Simiw
lar results wers obtained for the flight scores, the Cr

ight Scores exhiblting Spearman-Brown rellsbility easffiaienta

of .87 end -91 om the basis of Flights 4 and D, resgeeti?a&y,
of a group of 37 aubjects.

2. Gompariuons batweau corresponding aats of C;
i 'ﬁ'l : yi

of flight performanea are highly releted and that for a grouping
of subjects into three categories both types of eriterion data give
egsontlally the seme resuits. The Criterion Ratings have the ad-
ventage of represscting the combined end inter-scting judgment of
two observers while the Crlterion Flight Scores possess certain
practical advantages.

3, Compariaon of Flight A and Flight D performance of & group of 33
subjects revsalsd thet the two performances are sipgnificamtly re-
leted. The prediction of Flight D performance from Flight &
performence, asz measured by the photographic method, may be ra-
presented by an r of approximately .45, assuming that the rela-

. tionshlp maintains on additiopal samples.

4. An apslysis of variance of the Flight Scores revealed that differ-
ences between the two raters and betwsen two Tetings by the same
raters wers not algniflesnt, The major sources of variation lay

~ in differemces emong pilots end in tne feet that Flight A and
Flight D performances were significently but not highly correlated.

5. An evaluation of the {ritericn Retingp snd Criterion Filght Scores
in terms of their reliability, valldity, discrimiasting valve, and
practicality led to the conclusion that ihey may be recommended fow
uge a3 one type of criterion data in aviation research in thst
they exhibilt setdsflactory rellability; provide mwessures of the
"skill® aspect of piloting, snd differentiante among lavele of par-
formance of "successful® siudeat pilots. Practicsl limitetions of
the photogrephic method reatrict its use aa & scurce of eriterion

data to baslc research where time ond cost are relatively unimport-
ant and.accuracy of dats on performence ia of primas importence.
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Slectementa o wredy wes mede of Ui Adpwel Beoreg bagsod an ihw foap
ot lmee o asca of the a0l k2 ecty oF cerfoimence sssigoed durlae
Sregtendmt ratlng and ra-rating by eacn of tus téo opservere Frow w
fpgliais ¢ the scores oo the F! osuhjects on whom bovh Flight & sna Flight
U orecern aere chtained 1L wan conciuded that: '

1. The Wing Control Hcore, MNose Juntrul 3Sceore, Directionsl Control
Stbre, end §119-8hid Doore were wsore consistently rellable i far
the two fiighta) “han were the othsr scores - gltitude Score,
Alraneed Leore, Tontrol Coordine tion Score, and Executlon of
Yahwuvers Score. )

. The eight sgoecte of performance, sepnrately rated,are not in-
danendent epd unitery. 4 fector apelysls % the intercorrelations
wwung Lne Aspect Sonrer indlcoatec wwe fuetors, tentatively
et T wa Moowrditetion o7 the Uontrols' end fLongitudinel
Contral .t finece the LW “motors wevs correlated, a third

p1 ouence TRy b alfesting the yomerate ratings, probebly

o neners: iagrezsion™ of the {'light a3 8 whols.

£ T Agaert Stores most clesaly essorlated with the critericn meus-
Teea n o enl o herTorsance (Oriteriop Rutings and Criterisg
Do Sured wes e Wing Contend Geore, Directionsl Control

w5 MEEOL g xatyiaatlern Ssevs, an Bgeguiion of Mensuvers

oo,

"o m

Lapeec? Soareg oo Flighl A nerfornance (during Stage & of C.P,T.
stomary  bight Laetruction! sve not nigily predictive of Ylight
Torarformenes D iinday Stege Doo7 0,8,.7. primary flight instruc-
Lo}, .

CErcay nandey o7 vipsa lsvoived and the level of intercorrelation
el e 480t s orey wevent arewing definitive conclusions as to the
Vol T dhe govese pspect Sgores for disgnosiic  or predictive purposes.
T Ths et tie resent inforpatisn Lt sesms most precticable to
ernsaae Whe Srierion Ratingy ond Criterion Tiight Scores as noszible
STotirinr nwadures pe the Aspect Sunrep w8 a source of informstion
et lng e upbtre aps charecteristics of rhaese mecsures of over-all
Tl t rerformuaspe,




AN ANALYSIS OF PHOTOGRAFHIC RECORDS OF AIRCRAFY PILGT PSRFORMANCE

SECTICN A
A STUDY QF CRITFRIA OF PILOT PROFICIERCY DERTIVED FROM
wOtIdd PHCTOGRATHS

INTRODUCTION

Research at the University of Penusylvania, under a grant from the
National Fesearch Council Committee on Selection and Traiming of Aircraft
Pilots. has been centered on the development and evaluation of objective
eriteriz of pucress in lecrning to fly. In thls connection, two methods
of objective recording of flight parformance have been atudled:

1. The graphic method, involving the use of comsercial flight recorders.

<. The photographic method, involwing motion photography of ipstruments
racording plane performance and control movements.

Resulte of research with graphic recorders have been presented in an
earlier report by Viteles and Backstrom.l The early work with photogrlphic
records hes been reported in snother atudy by Viteles and Thonmpsonm.

The present report presents (1) & description of an improved photo-
graphic installetlon for use in photograpning flight performance, (2) a
description of procedurss sriployed in the anslysis of photographic records,
and (3) a discussion of the criterion messurea of flight performance
yielded by the analysis, with date as to reliability, interrelatlonships,
performance at two stages of instruction, and other facts bearing upon
the usefulness of motion photography inm providing objective and acceptable
eriteris of flight performence.

DESCRIPTION OF THE PEOTOGRAPHIC INSTALLATIGN
In é previous study on the photographie method réfarred to in the

,2 use was made of a Filmo camera Model 141A mounted cm a
tripod behind the right front sest of a Stinson 105. The cemera fleld

LVlteles, Morris 8. und Buckstrom, Oscar, Jr. Ap_snalysis of graphic
records of pilot performence obtuined by meens of the R-5 Ride Recorder, Part [
¥ashington, D. C.: Civil Aeronsutics Administration Division of Ress:irch,
Report No. 23. November 1943.

2?1teles, Morris 5. and Thompscn, A. S. Use of standerd flights
photograchy in the wnslysis of alreraft pliot performence. Yeashington, D. C.1
Civil Aeronsutica Administrction Division of Research, Report No. 15. May 1943.
3

Ibid.



included the instrumenta on the left sids of the stendard instrument board
{air speed indicator, turn and benk indicator, and tachometer}, the control
wheel and throttle, end the upper legs, lower ermg, end hands of the pubject.

Franination of the resulting filns geve only partial information ag to
yiene and pilot perfarmence rince (1) there was no indlestlon of rudder
sdjustments, {2) ithé throttle =zdjuctments hed to be inferred indirecily
from tachometer readinga, and {3} the deta on plens performance were limited
to those gbtained from turn and bank indicetor and air speed indicator read-
ings. In addition, the sdequacy of the original installation wes linmited
by the fact thut & 50' magazine wae used, necspsitating reloading "in the alr®
if s flight sufficiently long for criterian purpcses was to be photographed.

In the study deseribed in thnis renert yse wap vade of an iwmproved
phctegraphis Installation making availzbla fuller dete for ths snalysis of
poane performance. 4 speclally designed control movesent racorder was alse
pxqviésﬁ which gsve an indicsiion of rudder es well &3 allerosn and control
sovements, The equipcent, instelled in s C.4.A.-N.R.C., Tandem Piper Cudb
used spacifically for rﬁsaarchxpurposas,& ingiﬁéad the following:

A gpeciel instrument 8, mounted over the left half of the atenw
- dard panel #o s8 to bring the Alr Spead Inmdicator, Rete-of-Clinb
Indicator, Sansitive Altimeter, Tachometer, Gyro-fiorizon, snd

Turn and Pank Indicator within the cemera field.

3

2. & reoorder, deslgnated sz thes Pennnylvanis Control Movement He
ggrdﬁrjs providing an indlestion of poeition and movements of
sach of the threa.

ﬂThs photographic instellstion used in the Cub was originally devsloped
for use in ¢ Falrohild and sntuslly Instellsd in & Newy K3-83 plane. The
adaptations on ths Cub were made &t the Boston Munielpsl firport, Boston,
Mass., under the supervizion of Charles H. Seott of E. A. Wiggins Alrvays,
Inc., in accordsnce with plans outlined by the Universlly of Pennaylvenia
Projsct Staff,

5The devalonuwent of thie recordsr graw out of an opportunity afforded
o the Univerpilty of Pemnaylvanlsa Repearch Staff to exsmire & hemisphoric
recorder designed at the Universiiy of Rochester, by Dr. Briao O'8rien.
The latter recorder was-developed during the coursé of concurrent ln-
dependent ressarch os photegraphic recerding conducted under a grent
from the Comnitiee on Selection and Trainlng of Alreraft Pllots and with
instruments provided, in part, by the Piviaslon of Hesearch, Civil Aer-
oriautics Administretion. Althouvgh the purposes of the two types of
recorders are similsy, the Pemngylvanis Control Movement Recovder
differs from the Rochsater unil in thet the eceles are linsar and sspar-
&ts scmles are provided for sach of the controls. In eddition, the
Pennsylwanis Cdmtrol Movement Recorder provides for more extended move-
ment of the polnters and easily observed reference lines, faciliteting
resdings of the type desirsd by the project., |



ravk of the thres cunirolss {zucier, silercons. and elevator: by
mzens of lhrse polnters moving along hovizomtel ascales. [(Exhibit
1 presecis dewils wa Yo itz a*iearance snd consiruction.)

3. £ 16 ma. Beld and Heeelld Model 70-DA motion picture camera was
mounta’ on o platfors lDuﬁLcG in the upper lefi corusr in the rear
ot the cockpit, behinG snd wbove the head of the resr _seat pliast,
£n attorhed axtorpal pagaring ,antawnlng a 200¢ reel,¥ nrovided
for spproxizately 20 winuleas of photogeephy st the rate of 8 frones
pev seccnd. Tas sive and losation of the esmers nascessitated
crttiwg 8 hao ‘e in the reoi of the ziane end the provision of a

ittzd cova dcezas o tre cuimera for Joadiag of file was ob-
taquu by femoving thig vuler cuver.

The rcemers wag Ariven by & L2-vsli mabeor supplied by 2 12-
wolt Exide syrcraft hLattsey lccated In the baggepe compartinent.
£ sviich eowiralliing ihes carers wWas Dikred 90 &8 10 be copvenient
Lo the Yoezeok pllot® ix the frond seat, Ths switeh also contirollaed
z emell spoblight whicn providec wdditionmal 1llumination of ihs
careye Tield.  Toe fobtul Lllireipnstion was sufficlent to cbtaln
satisfachory nhoto.rashs witn Enaiaae Sopes ¥ film.  This spob-
light mag nountad sliove fthe Ireal seab and focused om the sragial
instrvasnt wrgel

_.J

gralpiié S, shwwe fhe goenial i
Hovernsnk Wecurdar as ingtalisd 3w the veseerch plame. 'The scrual
canars Lield taesn by the rotilon ture canera was 3iighily larger
end Inciaded the head ard shoulders of the pilol adninistering the
£lizht and & groster porticn of the fron® seet ihrottls and contrel
3bick, Yu improvesent: rede after the iliustrafed pnotograph was
takea, » 3ignal light {irdiczsting thet bthe check pilict had ialen
over} was wountetl shove the spszisl laatrument pemsl mnd the
manzuver-nusber- indicstor wes enlergad sund moved o *na right of
ihe Copirol Movement Reccrder.

instrumeprt panal and Sontoo)
tn
pistn

ORIECTIVES OF TiE ITOWN

dmong tne varivus methods osvellable for analysls of the photographic
cenords wre the following:
suantlite ving tie exazipation of deteiled rexd-
3 the inslrume the camera field In the course of freme
Y Trsme ar"*ertfnﬂ, Poem Juts obtained by this rethed indicea
dcsc;;pt¢ve of toltal flaght Devivrnencs and of irdividvel mepeuvsras
cat bo ﬁrﬁnarad,u

1. & gugntliiasdye sethod
-

L e 1 o P S, P bt . £ T e g &5 e ot Pa—— —— P . —— e,

6This recordsy es rubsaquently been iepiroved te ineciude the pesition
end movements of the throttle caatvoel,

Vi . .

Ilu otber installaiions, such v8 btne Palrchild or Navy H3-83 plane; a
L0 extcrnal magesine cza be sitached, fnua providing file for apnrorkwate iy
an weur's sholegraghy withont relesding.

a3 Tevel anoumt of Dumtrod Movapens, hhmhar o Cuntrel Hovameunts,

Licecsion of fonirel Moveoeans, ete., a8 described i Vitelss, H.3.
wa -~ A . I




T anvers in the geme order, and wnder esgerntiyily L

[

2. & guentiteiive wethod ipvolving the redoraing of observativnas of
syea,fi items of fiignb ger‘ormence, sach s3 Irequency of tiipe
in entering tures, loss of aliitude Juring %IV steep buras, stc..
ohagrved i1 the eource of slew motion arojection of a fil=. Luch
ghservetiong, recordea on “heck sn=pts, -nvid eddi tlonel quanti-

- tative deta concerning importent crersolerisiics of f;lgH5 nerfarmnancs.

3. 4 ghelitaiive analysiz of the perfornance tarongh direct inspsctiun
durivg metion arciection of the fils from which judgmerts or esti-
metes may e made or eddvher the fiight s & vizle or on seperete

eapeets of £iight perfournence.

In this 3tudy ths guglwtﬂtive“ meuhc! wes amplayved o errivs at judp-
senbs in the forw o rating: of aver-all ov “glebal¥ pilat mreficiency.
The primery chiect of ¥his filudy waz bo Jlszlormine whether whsse qualitative

esbimates of over-all Tlight =erformerce were sufficieatly rellable toe be

used for criterlon parpases. The stuey wos thevefore dezigned o provide

dats op the reliability of such gpralitative esbtigates of svrforgnse,
arrived at durlpg slow souiom “:ouec:~sm of ohobegreshic records ohiaines by
y

mcany of the auetaliation dessrded slove.  In additisn, tne ewpsrimesiel
dasign of whis stady ovorides an apsoriunicy o sxewiags

The souress of wnvisaue gtfecting the gualiiative estiretes of

wly
ovar -1l Flighl preficiessy.
. Mo relatiomship beswenp the over-211i or Fgloheli® ralirgs sod
ght aeores based on the eveay.bion of opecilicd aspacts of

ik

the total geriertancs
3. The relpticiseln betsssrn oatinzs <F Tight serfaraanes at fwe
gingss of instruction.

DESCHIVITOR OF PROCEDUERS IN TUl S7UDY

8. ¥hotopraspaic Recoradns of Piloai Performeinne Duslns Siandarg Flights:

b

1. EUsg of Standard ¥lights.: 9 Swmdent pliche, serving as sutlects ic »
the 1942 Widwest Frolent?Y of the Uomalttee on Jelaction awd Trois

e
ing of Airersit Filots, vers pactogzraphed during otandsrd flipnes,

e ik o o s s . S 12 L gy g ¢ bim, ¢ enrke T s [

o e e

?§taﬁﬂard;§L;g§§§s devaloped oy the Tiversity cf Dencaylvenia Project,
insure controlied obuervatisn by resuviving woch pilet te ﬂs Fork bhe goge o
z asme f1ight couditlion
They provide a Mwork-raspla® tesd snelrgens Fo u&“i‘fﬁﬁn 2 trade tuztz ay uani
in industry. & coumplets discussica of ihe wriyc:jiﬁﬁ unﬁer¢v*ng Lha uze of
-Standard ¥iights say bs fousd da:  Sheandwr Susar Fiight Brocsd speg, Fushingion,

-

D. €.: Dersrtment of Oamnasae, Tivl! foo-ointing ﬁun,?*'tret!rn: Bitetin Bo .

!'J"

N
PR} - N r ¥,
The Midwest Pﬂojm"r Wed 38 wo i Lisk vy the Vasional Resesrch Ocuncil
Cummitiss on 3election zpd Treinirg 2f fLirerati Mlobs o crder ho oravida &

—ffald Eri“j Q? tecinigaes for the vc’aq’igc_ﬁ?'a~*c;nfc pilﬁﬁs‘aﬂﬁ for tha esslua-
ston of Tilght perfoerpeces defeinood we-@: the sopervisio oF tia Oommitles nering
the ticeh tro yerws of refeercl. Th oo o o 1o grloysd in vl U7 1 et

= mn il Uy T T F AT S S R
TTOMNIY v len v L - Y i T B Yool G rwre ) .t
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Exhibit 1

DESCRIPTION OF THE PENNSYLVANIA CONTROL MOVEMENT RECORDER

The Pennsylvenia Control Movement Recorder is based upon a mechanical cable
and pulley system in which three pointers are drewn along parallel linear scales
by means of cables attached to moving portions of the airplene controls. The
pointers are returned to their originel positions during opposite control move-
ments by tension springs loceted in the recordsr. When installed, the cables. are
ad justed so that the pointers fall on the center scale lines when the control
surfaces are streamlined.

Models of this recorder have been installed in planes of various types, viz.
a tandem Piper Cub, a Stinson 105, and a Navy basic training plane, Model N3N3.
In the photographed model, shown below, the following specifications apply:

Over-all length: 8"

Over-all height: 24"

Over-all depth: I

Carriage bars: 4" square and 8" long

Sliding carriages: 3/4" long and 1" deep

Scales: 8" long, with reference lines 3" apart

Springs: .014" steel piano wire wound on 1/18
drill rod.

FRONT VIEW

Complete assembly, showing:
Scales, Pointers, and Cables

FRONT VIEW REAR VIEW
Cover and Scales Removed, showing: Cover removed, showing:
S5liding carriages with pointers attached Rear of carriages and carriage bars
Bars on which carriages slide Tension springs & pulleys

Cables leading from carrimges to controls
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dctuslly, a serisz of Tovr standsrd flignts was usedilone for each L e
of the four succassive stages of C.P.T. lustruction, The filghts B
{Standard Flight A to D, respectively) are of increasing difficulty <
in that each includes the munsuvers of the preceding flights and =
requires, ln~addltion, ons or more advenced nanesuvers appropriate S
to thne stege of instirvetion. Tha fourth Fiight, Staondard Flight b, L
is comparable to the final flight test fer the course and includes e
TAXY, TAKE-OFF, STHAICGHT CLIUB, 90° CLIMBING TURN, 3TEEP 360° TURRS, :
RORMAL POVER-QFF STALL, FOETARD SLIP, STRAICHT GLIDE, 90° LEFT amé

! SET MEDITH TURNS, STRAIGHT CLINB, STRAIGHT ARD LEVEL FLIGHT, &~ K
TURNG ACKOSS A ROAD, RECTANGULAK COURSE, THO-BARK EIGIT, 1807 AP- i
PRDACH, and PRECISION LANDING, The Standard Flights were spaced i

in ths 35.hour C.F.T. Gonrse ag followa:

Bours of Rrimary Flisst Instruchion

Standard Hatwsen ) i
FPiipght Einipum Nax dmn Hithin Stage _ LT
A 4 hrs. 6 hrs. 4 {ist 2 hrs.)
i 10 hre. i3 hra. B {86 to 13 hra.) )
C 21 hra. 24 hes. 2 {13 to 24 hra.) ' -j;
L 32 urs. 36 hrs. D {24 to 36 brs.) _ ';f
£. FPrococourss Used in Photigranhing Dteaderd Flights. Pholographs .
were taken of all Periticel maneuvers™d< excspt those definiiely S
orianied with respect to ground reference points, vis., S-Turmg .
acros3 Hosmd, Resitangular Qourse, Elghls, and Approaszh to Lendimg. . = ¢

Thase were omittsd sinee the interpretation and swvuinnilon of changes
of plugs abbitude srd control posiblons depend vros informetiom as

to the position end atiituue of the plane with reapsct to specified - B
pointsg on the grournd not provided by the photographic rscord.

Spsrific inmtructicue for the fiight ws a whole and for the phuto-
grephy of esch selected Poritical meneuver® were prep&redul The T
catera was started jusi before enfry izte esch "eritical paneuwver? x

o

My gotaliled daseription of seen of toe Standerd Flights 1n given ip dppen— .
dix 2, Desceripiion of Standszd Flirnbs. Neteils of the procedures usad In ooy

gdnivistering the flights ares glven in: Falker, K. Y., Lipmsn, E. and Wanteen,

Ha J. Manual Jor dbe adpiplatratvicn of ine Onde Stebe Flisht Tnwsntory. Wash- - =
ingten, Do G.: Netional Research Council, Dec. 23, 1941 {cony in Commitise files)., =

~ - - T
“The "oritvical maneuvers" ars tnoge vansuvers which are being studied, as - 3

disbinguished Trom ths %iransition waneuvers® vhose purpose 1s merely o get s
the plsne into position for ths vexdt criticel meneuver. e
13 -

grzphing

3Sea Appendix B, Standard Flights.
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und was stopped sfter the pilot recoversd into stralght and lavel
filght. In the esse of Approach to Landing, the camera was steried
53 the plane recoverzd from the laat turn prior o the Finsl Approach
and was stepped after & few seconds of ihe Landing Run.

B. Photograghic Recorcs Availeble for Anelysls. Two groups of sludenv pilote
were photographed,is cne group of 56 subjects frew the 3942 Spring 0.7.7. Pro-
gram, end one of 42 subjects from the 1342 Sumser Program. The student pliaty
were thoss ireined on Tardem Piper Cub planss in tie Columbua, Ohlo area.

Iue tc weather conditions snd occazional peor pholograpby, motion nhoblogravha
were not obtuined of ell four fiighits of all subjecis.

Since the investigetion as e whole included a comperison of iniflal &md
finel performurce, the records of Flight 4 wad Flight D were selecied for
enelysiz. The availeble rscords included ths following:

i. Flight B - 36 student pileots of the 1942 Spring Progres.

2, Flight D - 32 studend pilots of the 1942 Summar Frograz.

3. Flight L - 34 student pilots from the Spring and Sumner Frograms
on whon Flight T records were elso availebla.

Photozraphic records of ilight performunce teken &t the Mldwest Project
were forwarded to the University of Permnzylvunis for enalysiz by the re-
search staff working undsr the dirzction of Dr. Morris 8. Vitelss. Each Film
was ldentified merely by the code number of the pilot belug photoygraphed.

Phe resvarch steff et Peunsylvenis had no direct cenvach with the pllots wnder
obaervalion and no krowledge of their performances, excepl as gainsd froam ithe
photographa. = ’

7 C. Methoed of Awalysis of the Photogrsphic Recorcds, The avelysis tock the

form of & direct inspection of the films during slow-motion projeatianglﬁ
86 538 to yield the following data on sach performarcs:

1, & rating oo & five-point scale {3, guod to 5, poorl of euch o ilke
following aspects of f1ight performance:

a, Wing control; e.g., obesuiness of hank or lewel fiignt.

b. HNose conirol, e.z., muinkensuce of pose <n horizon or angle
of glide.

¢, Directionzl zontral, i.e., msintensnce sf direction and rate of
YUEn.

d, Tendeney ts slip or skid, i.e., Letersl siakliiity.

-

151he flights were aduninistered by or vnder the sunarvision of Dir. Rebert
Y. Balker, Project Directer of the Yidwest Frojech, in cloge cosperation wiul
the Onivarsity of Pseanaylvania groun.

ls?he films were projected by a Eeysbtone Model 4-31 Projector, speclally

adapted by means of & rheastat and reversible control which pernitted sloving

down snd reversing direction st will. 4lthough the films weve taken =i half

noroal speesd (% framss per cocond) uze of This prejector provids? z mlog-
- - Ar " il

.
5
wation o Taet qu0! omabiza sov o, ologn Soeeedabior o bie Jnisnassis 3 the

LA ) ]

panera ield.
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#. Helntenapcs of sliitbuds.

£. Beintenarcs of airapead.

g- Coordinetlion sf conbrols.

n. sdeguscy of exscution of mLasuvers gorrect defrse of

L=
F T3
puik, eomplels atell, adeqimte airspeen; thres-point landing,

eta.

- "Ltltuae Ln WO e &
In eddition, ithe »lr con
Rough.

« A over-gll ratlng of 1ighy cerforaspcs ou & thres-point szalel

&, best 253 ot ths group; B, middie AGE; snad 6, sorst 25%.

4o &b ovar--ald veliug, of flign! povloinnance on a two-polnt scale: U,
appet helfy Fen Lo Jowsr kel ol Lhe pooun.

Yo niv In the ohusrvetion of the fiims and In arriving at the
puilinge, A Fsnusl fopr Bstzog Tades “orfornenes Shreueh Birect laspecticn of
Hotior Pholtggrenzg ved prepavads.  Fhia menvzl; preseated in Appendix €, des-
nribes in detell the characlier of niw observeabiorsmede ang the type of ratings
oblained. In Exkibit % is sresented a sempls sew uf astes and ratings meds

on ~se subiecits perfozm&nre.

U, Betlpoy Prussdure.  Fech oF the force groups of films {i.e., Flipght D
Spring pwo*‘f’v‘, Tlight I Jumasy Prograza, aoG FLi grt & Brring and Summer Pro-
gran subjncta}) wszg rated by twe vhrervarsi® ace wording Lo the foliowing
orocadurs;

Swee 1. Fach phetegrarhes 3 rated Indepsndanily by the two ob-
arvery ErGO“*zrg o tie reiing msthod desorlbed shove and the
veruiiing Thrwl pedud end fwe-polint over-all ratings were ob-

teined oo euch Fubfoct., “husw roiings sre designalted as Igpdee
pandint fatiszy T, :

e v, e . —r sarsmtnin - s Ry

16&- B. Thompson. daiversiny of ?enufyiva'i& apd E. 8. Fwert, foraerly of
Purdae niversity and now at tha Gnlrernity of Psansyivenis, were employed as
the btwo abserwsrs. DBezldes a vkert coriod of flight instenciion for orisnts-
tion purposes, Thampqan, in éha corvss of svietion reaserch since LHAG, hsa
hat censidsrable experisncs in coulrollze obsermvaition of gilots of a wide
mage of flying exyerisuce, it ballen an active part in the development
7 the standevao flighls apa the reihcds of photoprephic rsecocding iled in
this and other preojecie.

L3 ke
C
=

e

it

vipg time end srivete rilot g ,;ftu:,
et parforpuvice through his work st
tae training sids, %Patter? and YFun-
hhu nauﬂnvcr,;' wubilshed recentiy B Yhe Hationmal

phec ra Selachich wuw Tralning of Alrcraft Pllots.
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furdue Driversity
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In ordsr thet the distributiops of the ratings by the two ob-
servera mighl be ¢omporsable, 1t was apreed, in advénce, that
epproximetaly 25¢ of the sanple should be included in the 4
and { groups; reapectively, in the cese of tha three-point
ratings, and tley aporoximately 50% of the sample should be

includsd in the U and i groups, respectively, in the case of = %

the itmo~poict refings. The actual disiribtutions used were as R

follows: : B,
Thrza-Foint Scals Two-Point Scale :
5 B & ¥k

Piight D - - - ~

Sunmer CGroup ! 19 ! 17 16

Flight D~ - .

Spring Group 7 ig g 18 18

Fli Jau .g - S?)}'ir}g :

&nn 3usmer {roup s 18 9 18 35

I, after compieting the znelysis of s1l the flights o
the groupr being stadlied, an obszrver found that the distribu~
tion of hir relinvgs Ccilfered frop the eppropriate distribution
{as zlven showe}, he thel reviewsd the reccrds of thoss sub-
Javts whose ratings hes cepsidsvaed BFdouhiful® end forced hia
fiuel retings t» confory to the recvired distribution.

Step 2, Tﬂe mwe sals of Indecsndeny Hatliness I wers than compared and
& Gonpoalite Rutine 1 o :E¢J%d by Jjoint apsiyslis of the films

and io;gt ?etxgg of ¢zs03 1o which a discrepancy of rating

oeceurred duriag the Indeasgdent osbliap T and by sssuming thet

cagss glven faenticcl mptinga by the two ohsevvers In the

;g;gggggeuﬁwy -ﬂqug woulo have rocelved a similar reting

=g lclnl observeilon.

o
iy
P
b
e
L

3 “eken 1n ordor to arcive bt ratings which
crbined ludgoeal of both ohserversg. These

Composite Hatinos wuie expocted (o be more relisble than the
Inderendent Bellngs ai cs inconsistencies of the individual
OhERLTEY Wers hﬂﬂugbu % 1iazht and corrected whan the ob-~

servers worked jeinliy.

= - i - A e T, 3 ot = BBt B w7 o e S e

17 s . . . .
This procedure of having Zwo ohesrvers vake indepardent judgmepte and

then, 1n joint sesassior, reviss the Tdiscrapanl capag" 1s analogous to the
asthod of "ease study o luscorectly predicisd c 33" discuased I1n: Horst,
Paul (£4.) The preddehlos of ser3cisl sdiusizent. New York: Social Scicuce
Zezearch Coumcil, 1441, ». 317,
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The flighis wer
servers and In & gy
.L

ently by the two ob--

hgn re-pated ndepsna

1d I chiained. During thia ra-
L

f—

~endent Hatdnes 1
F-J

rating the 1denti ioation master of he subjech was blocked
out of the prQJEanian field and the filwma vers predented in
& randon axder, ;ndennndrnt Eatin . 11 were ooteanied In ordsr
to study the cormsfghency of +he Indivicunl observer and
pravide s furtier ohesk ov the couparsbility of relingse

by different soservera.

P e
b T3

¥ay

The two sets of Iadopsndent hailsze IT wers then compared, the
G DEnaniy tdbings LL 3 s

disereoant csgss rated jalatiy, srd a Sutpoaits Rabtlug 11, pre-
v 2 -t A

gered. Qombe gitﬂ H&ﬁi“gs I wera oSlained ln ovder b devsrwins
the rellability of the previcus Conposlbe Rabings I zud o pro-
Fi

vide further data for the assigning of Final ratingt ko the
subjfecte. :

i

The cases in whien Secrenamnoy pacursed beivesn the vating
given im Cumngalts Baod snd thet glven i Lomnnsite Rating
It were then ointly roviewsd and fhe fianl ratings, termed
Griterion Batings wers areparzd, These Finel relingy thus
represvnt tns nambired fodgment of twe observers om ihe beais
of two geta of iudspemident ratings each and two jold: ratisas
of the discrerivt casss.

The five-point cosls ratings »n tihe =ight espeets of fiight
performance were vasad o Jorx Flight Scoves end jspect Scorea
azs follows:

1. Irifensndeat Fliphy Senrs. Leined by summing vhe sight
gspect ratings nads by an observer on 2ack sapject. Thp
best pogsibis zcure wa3 § and the worsd possible wae L0,

2, Comooaite Fileht Boore, obialuwad by suenlng e Ipdepsna-
en? Flgght Scorsa af the two ohasrvers on tha sude sub-
Ject. The go&31h¢w renge of tiZs seore sxisnded from 16
o 8G.

3. - Criterion Flight fcare, shielieed by summiﬂg e two gﬁgw

posdie Filghl Scores on the ssme spubjech. Tha possible

L 3

range aextended Trom 32 fg G0,

4s  Aspect Baopar, cblalned by cumelug the fovr e
eﬁggmas“rcm Tas viﬁlng from the independent cating s-d
e-ruting oy the iws choervers sepavestely, 1.s., Lhﬁnpshn
I, Bwart 3, Thospans IX, Bnect L2, This seors ranged from
4 to 20,

e

IN SUMMARY: The railng procedure providad two rajor ivpes of maaszures
of pllot performance:

l. Over-all ratings, conposzed of ile three-point geale end two-peint
acale retlngs of the serformapce &3 2 whole. fhehi ratings are
tarmeé:




-y T

a. Independent Retinzs, when based on the ratings made by sach .
. oObserver, working indepcndenily.
b. Compealts Aaiings, when resulting frouw the Joint comparison

‘of the two sevs of Iandependent Ritings mede by the -two ob-

98rVars. ,
c. Criterion Rebinzg, when resuliting frow the joint cowparlaon
of the two zets of Qo te fatingg provided by the rating

and ra-rating psccadaA

2. Scores, derived from koo Jlve-poiat scals retings on each of eight
agpects of rilet rarformasce, az fel‘sws-

g, Isdependent Fiisht Scorasg, oblained by sunning the elght aspect
ratings essaigaed by sn rhserver dering his indspendent rating
of the vesricrmascc of ¢ glven subilect,

b, fouoposite Fiisht Hoows, obislned by ““mulag the Indepondent
rlivn+ Sgovan #iven the zare subject by the two observess.

T ﬁrlta?lon ?l.ihgngu srag, abialned by summing the two fom-
f03ltae Flicht Soores of &8 given subjicetl.

d. Aspect Scorza, ottained by muwwlng the four ratings of ths
game aspect, assigsed duriog the independent rating and re-
rating by Lﬁe two Jbservers, sepsrately.

The above proceduss thue Tezulted in tae Following sets of ovar-pll’
ratings and scores on gach sabizen in ezsh group of flightss

Over~aii Racings Scores
1. Independent Rating I, "h-umpscn. 1. Independent Flight Score [, Thompson.
<. Independent Rating I, Fmcri. <. Ipdapendent Flight Score I, BEwart.
3. Compoaite Rebing T. 3. Compoalte Flight Score I.
4. Indepsndent Hht;ng Y1, ircapson. 4. 1In dapeﬂdﬁnb Flight Score II, Thoapsan.
5. Independent Hatlng II, Sward. % -Jdepnndeﬁt Flight Score I1, Bwart.
6. Cospositc Eating 11, &. Composite Flight Score IT.
7. Critarinr Habding. 7. Uriteriom Fiight Score.

Agpect. G2ores.
a. ¥ing Coptrel Szore.
h. HNege Control Seore,
. Uirectiomal Control Scera.
¢.  Silp-3kid Score.
e. Altituds Score.
. f. 4Airaspeed Scure.
g- usnirsl Coordination Score.

LS
4

FELIARTLIYY OF TARE VWEARBURTS OF PERFORMARG

he Reliabilits of the Oves—sll Retinca. The »2lintbility of the over-all
ratings was meapured iy ds.&?m;QL.“ Eﬁs aignificance end extent of the
epreenent between the vari-ouwy aste of reiings ob bhe same subjects.

T. Exgcutiorn of Masneuvers Pcora.

LY

oA



piect} Ywo Indspendent
e Betings, varicus
r2

Lighte were gtuodled,

' Sinte the retimz vrocedure provided [for esch s
Ratings by each of the iwo observers and tvo fomposi
inter-comparisons were possiblas. Since three groups of

o7 the findings covld be sompered fvrom sappla so sauple.i”

L
7

1. Three-Ppini Scale (i, B, C} Bszinsi. Jdsmoarisocus betwern gets of
L - threas-pcelol scals ratings were macs by cowputing Chi-Sgunve ang
ECE . Pevaluss te &

eterrine the olinificsans of the associatiens and
EOR ’ Coefficients of Jopiinpencrd? snd Percent Reted Identleally bo
. measure the gxient of apresmsni.
ot - The resulis are pressnted Jn Tapie Raliability uf the Over-All

Retinga: xprea-?ﬂiut Scale (A, B,
1, oage 15, roveals itha follusliaz:s

T

1,
Gy Batiops. Anuiysis of Table

= L e 8. With the excepriun -of iwc conperisong in tha Flight I Surer
o Group, = atabtisticaily sipgrifirsnt asscclation? wes found
betzeen pets ol caiige on the pome piloks mads by:

) (1} The same ubssrver duriog tuo independent ratings, c.g.,
N Indenendent Hatine I, YThomeren vs, Independent Reting
- - Ihjm JL{ga
{2) Tao observirs working in
Bating T, Themmoon vs. I
(3} Two observers working loir
vs. Composite hsiiug IX.

£, Incapendsnt

2 %o
;e;dﬁnt e tin: IA Pwari.
“1y, Boye. Composite Ratdng 1

-.‘J.‘\'.!"J"ﬂ'- 1"- ET T qman ! |

p

[y ..1‘

b The Composite Metinge mmde by the wo seters working jointly

- ) were, In generval, more relilsbie than retings made indepen-
P deritly by u single coserver. In each flight group, the =€ For
PN . Copnogite Rating I va. Dompgoite Rating I7 is acs high or
highar than for any of ihe Independent Bating zarperiszons.

ez > v - e AL - T o " A S

T lgﬁn apalysis of the ratincs given vy YMe twe Flight D groupa has baen
0 previously presented 1o the Fstlongl Rissacrch Qounsil Comnlttes in s prea
_ liminery report. Oee: Viiteles, ¥. 3., Thovpwon, 4. 8., and Bwayt, E. §
‘ Ap_anelysis of ohotogrerhis rececrds of ailed serforsenze: Part 1. The
" rellebility of qualitative esliretes of Jligh' serforsance cerivsd from

e

_—_— _inspection of motica phoicgraphs. Jfenmuary 1543, 0coy i Comniitee Fllas.)

f‘j:‘

lnge Contingency Goefflrientb were correst.d Spr purker of calegerd
and for class index &coordlny to the precenre dezoribed in Guilford, J. P
) Paychometrie methods. Hew ¥ork: Nelrer-dil) Book Zo., Inn e s 1936, pp. 3;?—
-+ 30. In Table I both the unso-rected {unch) wad coirected {ml) eselficient:
are presented.

20Using a P-value of ¢.9% 23 L1e crilerirn.  Actuslly, 11 of the 135 com-
parisons resulted in Pevalues less then 0L, 4 wvelue whish indicstes that
the obgerved asscclation would oncur v chencs lesw then one time in 10G.
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The Percents Rsted Identically for Flight D Spring and Fiight
D Supmer Croups ware 337 sad 76%, raspectively.

c. ‘The two obsarvers when rating imdepsndently agreed as well with
each other 58 vwith themselves, £8 shown by the following

conpurlaon;

Percent dated Ydeaticeliy

Compe rison Fiieht a2 Fiight B Flight b Averaga
Griring Svmrner
1 il 1 i3 I II
Baftwaen two observars yil 62 i) 7R 47 L5 63.4

¢!

Betwesn ratings by the € é2 B w5 67 £3 65.1

same obgervar

4., Heltber cbsarver w«as coraishorliy more reliable than the other.

&. Tha 'ritericg Retiscs mey quite ncasibly be considered es even
nere relialkls than the gemsn § g Retingzs since the Criterica
Satings sere hased on an edul iovaT revizw of those few cases
rated di*ferEHtlj in Gomnesite Fating I and Compogite Reting 1.
Tue ueoiterion gﬁtuggﬂ,rQQFGS*ﬂt {fipel r&tings obiained Irom a
caTEML ?eifiing® praoces: i which tmo obssrvers chacked cech
osherds independent retings end in which the joint ratings of
the two ohsorveors were thom shecked by & Jjolut re-rating.

2. Twe-Polnt 3rals (1L} Ratinzz. Trs reliability with which the raters
divided the groups into ugper eod lawex walf (UL Ratings} wag
determined hy computing Chi-Sywre and Pwvalues to test the sig-
vificenee of the zgsveiation betwaen gets of ratings, end tetra-
choris »ig end Percent Ruted Identicslly to measure the ezteat
of agrezuwent.

q- n
C‘

The regal=e ere predznted in Tubls 2, Reldabllity of the CQver-All
Retingss Two-Point Serle (B-1) Pa1inn§, Analysis of Tabls 2, page 17

reveals ihe Esl swing

6. Vith the 2iceptlom of iz ‘pire-rsicr coaparisons of Tlizhit A,
a stagisticatlly SiQWiPiCRﬁi bg;ﬂvﬁht on wag found betwesn
the warious neirs of rablvgs. Tselve of the 15 obiuined P-

1

gasusd wore lesp thes JCL.

D. Ad edatrasted wiih e bucen-polnt seals ratings, the teo-
208 soele fogrmosits Retisgs were not fousd to be consia-

W
Leutly more reliable thow the ;gi:wenﬁent Hatings. The
tebeachorls rig ard Pevpoats Tdentlcel of the fompeglhe
tating compsr 212sd by Indevendent Rating com-
pax*saxs 1y 7B Flighi 0 Summern Group and ex-
cealad 2n s Pillgnt D Spvieg Group comparisons,




¥light
A

Spring
and
Buvmmen

Group

ol
Summey

Grovp

REALIADTILLLL OF THE 2VER
A, I:".
Br, of
Compariscn Mads R 1.
Gozposite Rating I wa. Conposiis
Reting IX 3
Tndependent Rablng I, Theanoon s,
Indeperdent &ati*g I, Bwart 34
Indepeadent Raidng Y11, YThreosor va,
Indspendent Rating IT, Bwarl 34
Independent Rating 7, Th@mvaon Tl
Independent Rating 11, Thoapaon 34
Indsperdent Rating 1, Tmars va.
Indenendent wting Y1, Hwnrt 34
Compezlte Rating 1 va. Coopoaite
Ruting I1 35
Independent Rating I, Thjmg}ﬁn v, _
Tndmpoﬁﬂent Rating 1, Ewars 33
Independent Rating 11, Thompsoen w7a.
Indegenacﬂu Reting I{, Ewart 3
Indegendent Rating I, Thompem va.
Independent Rating 1T, Thompsn 35
Indapendant Reting I, Ewsrt vy. )
Iudependent Bating i1I, Fwsrd 2
Compezlte Fating I vs. Jcmposita
Rating IX 22
Indsperndent Rating I, Theupaon vws.
Indepsndent Geting ¥, Fmart 33
Independent Rating IT, Thempaon vs.
Independent Ratliog II, Zrert 33
Indeperident Rating I, Thompsor vd,
Irdepondent Reting II, Thompres 33
Independent Reting I, BEwert va.
Independent Rating iI Ewart 33

LI BATINGE

G0 JTHR LT RPOTRT 8041
A WY aATLNNS

pSi ;
2268 03
19.533 i}ﬁl
angy, L0l
127 L0200
17.85 L0
L2 { 01
11.22 r{;c}“o;
26,34 .03
23,00 4,01
2283 {0
.97 Ll
163 oo
5.24 {30920
13,78 4o

9.43¢,20).05

wned
Rhlefet]

&1

Nl

«55

.%G

-9

o Ty

75

63

A

W95

54

«8d

P

Percant

identloal

OB

(M

63

o
[i%]

83

53
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LELIABILITY OF THE OVIR-AlLL fATINEE--TNC-

i
Spring

&nd
Summer

Giroup

Spring

Group

L

Summer

Group

mETT R
vEILY L

!

ov Hads

Lﬂ
|

Lompa

Composite kating 7 wa. Jompoglis
Retivg I1

Independent Baiing I. Thompenn ve.
Indepandent Ratiog I, Bmurt

Independant Rsning X1, Thcuaosobh vi.
Indepeadert Faticg 11, Fwurt

Independent Rellng I, Thompaon ve.
Independent Rating I¥, Yuompson

Irdepsndent Rating ¥, Teex i ws.
Independent bBating II, Swart

Composite Rating I v3. loaposlte
Ratingz 11

Independent Rubting [, Thoupzon va.
Indepeadect Zoting 1, Twart

indepandent Retirg Ii, Thoupaos v,
Independant Rativg 1., Ewaprt

Indspend:nt Batlng L, Thonpeon ¥s.
Independen® Rating 1Y, Thompson

IadepénJEJt Hatiag X, Ewa:t V3.
Independent Rating I¥, Ewarl
Gomposlte Bating I e, Counonits

Fating I1

Indopandant Retleg I, Thompaon va.
Indepondent Rating [, Iwart

]

Ivdapepden, Bating I¥, Thoapsss ¥
Tadependont Reting 17, frarl

Independent Retlng I, Thempsou va.
Independent Rating IX, Thompson

Independent Rating ¥, Ewart wa.
Independent Rating II;, Ewert

#o. of
BT

X5

W
APV

XE
9.47
5.70

qe-&?

16,07

1%.686
13570
1%.638

8.5

4

.0l
J83.01

{}01

4
{\u Ol

<Gl
Ol
Q1

<Ol

POSNT SCALE {U-L} EATINGS

E

Lot

13

1

13

b3

A3

17

.87

37

=33

Dgi

.93

2 TR

-84

Parcen® .
Jdeatical:

V?ﬂ

73

s
[#<]

|

82



£y lndeusudently egreed &3 wgl) with
slres, &s shown by the following cow-

h

G. Thwe tws ruisvs when 1
gach crhay ng with thons
parison.

Lomsarlson Fldzat L Flight & Bllight & Averegs
cwring SUTLET
> i T i i I
Betwesn twc vansiz 91 B TE 8d gg 89 80,7 .

Batwaen ratings by ‘
the same rabtar. HE G

4+
L¥T)
g
e

e 3z 748

d. HKeither ol the two raierz wr4 coniistently vorg relieklo then
the other. .

&. As sSinown by the tervrechorlis p?’s wod Percent Bated Identiecally,
tha two-polnt scale ratingm oF Filight A were lens relisble, in
generzl, than taoss of rne Flight U groups.

3, Anslygig of Cowpesite Ratiars krd Criterien Rebtinmps. The Ligh rola-
tionship between the Qggggggﬁgmﬁg£;§h§w; end 3T conld possidly bs dus
1o the Tact thet the ratings of cne or the twe obssrverss unduly influ
enced the Composite Rativa. To deternine whether thle actuelly cocur-
red, composisong word meds belwses the three-point scale Indepeydsnt
fatings and the agpropriste Qomrcaite Ratlng. These comporisons ars
presented in Tabls 3, pups 30
a, fAnalysis of Table > revesls thot the Independent futines mede
ty Thempsen e gr‘sa alightly =etier wlith the fompousite F&!$ng
than did these azde by ¥wart, That the AifTsrence wap reis-
tivsly slight ls ingdicsted by the Pollomipy febulstinn:

Percent Hoted Idanilcally

__Comnurisong " Flight 4 Filight o Flight D Avorage
Spring Geoup Sumaer Group
1 I 1 i1 T I
Independent Recing,
Thompuon
¥a, da BS TR A 1] g .5

Cemposive Hating

Tndsperdant Rebting, Tmrd
78, G b 7 83 137 G 7.5
Compopgite Retlng
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e A slmiler type of srslysls wag mede 40 delersins whather the
Gorpesits Retirg ] ond ferpgpsibe Bating I1 contributed va-
aquaily to the Tiwal rabting {Gritszion Raiing). The ewtent
of agresment batweep the fompeslis Rrilngs snd the Eriterion
Bating is glves is Tabls 3. Evaminetlmn oi' the table reveale
that the Domussite Tedinga T wers in higher egreement with
the Critericn Fetipes thwn wave the Compesits Ratings I, ae

followss
Percent Ruted Tdeutlically
Compaurisons Flight & Fifgght B Fisight b Avarage

Sprlng Uroug Summer Group
Gempealbe Betlag I
v, g2 g9 82 843
Criterion Fating

hatin
s a2 2% G4 7 0.0
n Peating

3
b=?
(=]

]

7]

Cmanosl e
¥

Driteric

fae Aifferencos, thouyh cornsistent in dirscblor are relailvely
szall end botk fomposite Fetings sgres highly wibh the Sriterion
Batdrga. Tre fect *thet the fowpaplis Fallngn do nob agree
parfectly with esch olher or with the Griterien Batings, howewsr
puggseba ths value of the re-rating procedure which provided a
complete ond indomsndent re-check Pafore the Criterion Rebings
were essignod,

IN SUMSARY: Comporisens bsiwesn s variows seby of over-all ratings
provided by the ritiag prozedurs ruvealed thed, Iu goueral, the Jompoaite
Ratings ware more reliable thon the Imdspendont Aatizgs and thal the thyree
noint secule ratirgs wers zumsehol cupsvior ie the tvo-doint scale ratings.
The Criterion Ratinga taser on an additiopal roview of the cases rated dif-
ferently lr Composite Rating I end Compralfbe Bating T1, may bs consldered

1
" !

sufficiently relluble for uss ag uriterion date. The ragults were falrly
consistent for the threp sunplow of subjests used.

3. PRelinbility of ine Flirht Ssouas.” The rellibi.dby of the variovs
Flight Scorcs wus determinesd Srow a stady of lhe Fileht Scores obbtained

by 33 of the 34 subjezts 22 for whom both Flight A azd Flight D records !
were availeble. %The ropvlts sie thus basod nwia a group of 33 flights

AT 2 e o L L AT ¢ — e et R — Lt S ee e 7L M mvzne s s gafte e e

“ltne treatmezt of ihe Fiigat Seores only ls fvcludad in the malp bady
of thio report since thery are ths ones used for criterim purposes. An ex-
tepsive analysis of the ispect Srores was aiso made aad ia descrlibed in ar
atteched Supplemental Report.

Zme of the two vataers feziied to asslgn aspeet rabings for the Flight
D of the omltted cese.



TABLE 2
RELATIONSIIPS BRIWEEN CETS OF OVER-ALL
{4,B,0 RATINOS)
LEREAS Lompeziagn dade
& Inuependen* Pa¥iny 1, Tgcwa&cn
2. Compealis Natlng 1
Spring
Independent Rating I, Brurd vo.
and Compoulie Eating T
Summer  Indepanden® Buting Thomps oy
v8. Couposite Rafﬂng iy
Group
Independan® Rabing I1, Ewavt va.
Componite Reting TX
Composlita Hatlng 1 va. Jelterion
Rating
Compozits Rating 17 ws, friveriom
Rating
b Indepwmcont Reting I, Thompson
va. Cemposite Batleg ¥
Spring
. IBMGPEﬁd&Jt Ratirz 1, Dzwavd va.
Grouvp Composite Rating 1
Independent Retlng 131, Thompacn
ve. Coupesits Ratlng 11
Independsnt Rabting II, “wart vs.
Compoelie Rating 11
Composite Ratinz T vy, Uritericn
Rating

Compesite Heting 14 va. Oritsrion
Rating

No, of

{:agni

34

L2
i~

Al
i~

34

=)
O

AATTRGE~--THREE-POINT SGALE

2 Pargent
__Zz, P une.C Idemuical
L6574 501 6 58
30.03<L01 .62 7
48,50 {.,rn ST a2
.08 01 .68 2

8.25 {01 .7 82
35,25 ém .73 &2
32.39 {.'01 6678

.59 {,01, G2 73

50,22 ,;;f@l B8
ALAA5 691 73 @3
£0.22 {foz K% 89
61,00 {:,ca. 7 %
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TABLE 3 (ccot)

. No, of 5 Perceni
Ilight {omparlsan Mads gases. X ° Pume.C Jdentical
D Independent Ratlng 1, Thempson
ve. Composite RBebing I 33 b4 .61 Qfﬂl 6 8a
Svmmer )
Independent Hatl - 1, Ewart va,
Group  Composits Rati, T 33 701 2 s
Independant Ratin; 1I, Taompsen
vs, Composite Pating 17 33 2704 <:+31 67 7
Independernt Reting II, Bwect va,
Compontte Rating I1 33 19.5¢ <?01 61 70
Composite Ruting [ va, Uriterion
Reting 33 35,64 ({m. 272 82
Compogite Ratlng I vs, {riterion
Rating 23 5499 QoL ™ %

RELIABOLITY OF {dE FLICHT SCORES

Plight A Flignt D
N = r=233)
Comparlizcn Mace r S-fr r 5-Br
Composlte Flight Heors 1 va, Cumpeosliis
Fiight Ssere I1 77 YA
Independent Flight Score I, Thvapson rs.
Independsnt Fiighi Scobs I, Zwert .59 .58
Trdspendsnt Fiight Seere I, Thompsne va.
Independant ¥light Saerae IT, Rwsrt AR .73
Independent Flight, 3eorc 3. Lhoundon vs.
Independent “ilght Neors 71, Thamnsas Y -75
Independent Flight Jooxrs T Iwary va,
Independent Tiilshw Gaors 11, Twari 6% T2

Criterion Scores |[Spscvman-deow’
{hased om Comp. . wmp [T, i LS9



duricg Steg : 4 aad 53 flights durdoy flegs D, the subjecis baivng the samw
le both f£1y mts.

1. 8% sdistlieal Treatuent of the ¥llshi Scogesn.

. The reliacvilliy of tae Flight Joorps wan vwaasursd by computing
Penrsonian r'e among the vesious goto of soores provided by the
rating procedure. Tre ccalfi-zfeats of soreslation sre presented
ino Tabla 4. papge =i.

b. The-atatisifcel significenca of bhe cbidined correlation co-
efficients can emsily be asbermined by applying the 7#t5 test.
Sincs &1l the vorvelstlong wevs bhased upon the same B, the
value of & coefficient reguirsd For significence at the 1%
lavel wae vead from an appropricte tabla.<? In this case, the
N iz 33 sud the minimum coefficlent required for significances
at the 1% level 13 443,

¢, The determination of the significance of dilfersnces beiween co-
efficientes; bowever, is sade difficult due to the fact thet the
coefficients ure buzsd on the sswne popuiatdon and are thus Loter-
correletad. The ordinary eriticsl retic bssed upon the standard
error of the difference betwean rir {or betwesn Fisher's 2 squive-
lente) may not revesl significent differsuces since vhe etandard
srror #ill be over-estimeied.

d. 8inca the Lriterion Flishl Jsxves are the gum of the two Composits
Yiight Scorss, the rsliahility of the friterfon Flight HSecoras can
be eatimated by the epplicstlon of the Spearman-Erown Prophecy
Formulas to the correlaticn soefficient obtained betwsen Composite
Flight Score I and [gmposite Flirht Scere I1., The latisr are
eesentially equivelent holives of the Criterien Fiipght Score since
they result from aw independent re~raling procedure.

An empiricsal test of this procsdure was pede by conparing the
correlation agtuelly chisinad betwsen Conoosite Flight Score I
and Composite Flirkt 3ecre 1T and thet whicn would have bean pre-
dlcted frou applying the 5-B formuls to the szverage of the four
sosfficlents obisined betwasn pairs of Jndsoendend Flipght Scores,
a8 given in Tuble 4 mnd reprodiced helow:

23Limﬁquist, E.F. Statiaticel spalysis In educetlonal roseerch. Hew York:
Houghton Mifflin Co., 1940. p. 212, Table 13. '

ééﬁailfurd; Je P Paychometric ~sihods. New York: Nelraw-Hill Company,
Inc., 1936., p- 419, Pormula 196. .
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Flight A Flight D
Conparison r 4ve. r - Ave,
Independent Flight Score 1, Thompson
v3. Independent Flight Score I, Fwart -5% .58
Independent Flight Score 1I, Thompson
vs, Independent Flight Scors lI, Ewart a 72 .73
Independent Flight Score I, Thcmpson vs. ,
Independent Flight Secore 11, Thompson .67 75
Independent Flight Score I, Ewart v,
" Independent Fiight Score II, Ewart .65  .658 .72 695
Composite Flight Score I vs.
Conpoalte Flight Score II
l. A8 predicted from aversge .79 .82
2. A8 getuslly obtained 7 T 84

2. Relisbility of the Flight Scores {Table 4),

Qe

T

A1l the coefficleuts are stalisticrlly siguificant since they are
above -443, the minimum value roquired for significence at the
1% level with an N of 33.

The Composite Flizht Scoren (based upon the sum cof two Independent
Flight Scores) show higher reliability coefficieuts than do the ’

Independent Flight Scoves. Ths Uomposite I vs. Composite 11 Flight

Scores for Plights & snd D ave .77 and .8 respectively.

The agrsement betwsen raters {Thompson vs. Ewart) ia, in generel,
approxime =1y =gual to that obieined when sceres of the same reter
are compLred. ;o

The reliability ccefficients for Flignts 4 and D are qulte similar
in value.

The Spesrman-Brown coefficients for the friterion Flight Scorss
are .87 and .91 for Flight 4 end Flight D, respectively., ¥rowm
thess estimates, the reliability of the Criterion Flight Scores
can be considered as sufficiently high for the purposes of this
Investigation.

IR SUMMARY: Flight Scores were cbtained by summing the five-point scale
ratings on aight aspectﬂ of flight performeuce. Statiatieaﬁly significant agres-
ment was found belween tks varisus sets of Flight Scores, and the relisbillty
of the Criterion ¥Flight Scores #sas estimated az approximetsly .90 on the basis
of two flights {Flight A apd Flight D) of 2 group of 33 subjscts.
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COMPARISON OF CRITERION FLTCHI BCSRES AND CRITERION RATINGS -

- 4, Intercorrelation of the Two Mssgpures of Filght Perfurmence. The relation-
‘ghip betmeen the Criterlon Flisght feores end the Criterion Ratings was siudied
- '4n order to determine the exbtent of zgrosment beblween peores ohiained by merely
gumming “he sets of sspect retings made irdependenily by the iwo cbservers and
- %he over-all ratings representing the combined nd inveracting judgments of the
" twe ohservers in a jolnt reating orocedura <7 )

_ The compariscms were made in iwo weyss (1) by computing blserlel correla-
ticn coefficlents between the tmo w2is8 of meseures and (2) by comparing the

.. @istritutions of Criterion Flight Scorea of ths sub-groups classifled sccording
“tu Oriterion Ratiags.

1. Thres bizerial coeffivients were coupulbed for sach comparisom: first,
. with the group apiit into upper 75%, Lower 25% (4 and B va C Ratings);
ST decond, with the group split approximately in helf (U vs. L Ratings);
R and third, with the grour spiit in%o upper 2¢%, Lower 75% (A4 vs. B and
O Ratings]. This was done in cider tc revesl any tendency for the
geores to differentlate unegually st various points in the distributiom.
g higerial rfe obtained o the comarisone are ag followas

Flmt d Flight D
\ {a+BYva.{C} O vz. L {a)ve. {B+3) {&+B)vs.{C) U va. L {A)vs. {B¥C)
Bz 24 - 9 17 - 16 9 - z4 24 - 9 18-15 8 - 25
“pis .88 .95 1.60 .89 1,60 .98

.2, Whsn the distributions of Criterion Flight Scores of the groups clessi-
fied according to the Critericn Ratings are studied the following data
are obteined:

4

=i 25Since the Criterion ¥light Scorss were obtalned on ornly 33 cases, selsc-
# 2 ted from both Spring and Summer Croups, Sriterion Betingg for Flight D for this
i) -, composite group had to be obtalned. Herely assigning the Criterion Rating

- given when ‘the subjects were vated within their omn groups would have assumed
7 - that the Spring and Summer Groups ¥ere squivelernt sswples. 4&n sciual crosg-

» ‘comparisen was thug wade (Thompson and Ewart jointly reviewing the films)

- and the 33 members cf the group assigned Inte Upper 2 (A reting), Middle 16

“{B rating) snd Lower 9 {C rating). Ov tho teo-point scale, 12 were giver

‘. ‘0 Hatings end 15 were glven L Beiingu. This re-clessifleation wac - made

?5%_ before the Filght A ratings were made and Lelore any of the Criterion Flight

E Scores were computed.




desn Critevion Flight _5 ees of fritericn Rebing: Sub-QEQLEg

Criterion Raﬁing

A § L c

Flight A 6.2 85.7 110.7 116.3
B = (9) {37} (16) (9}
Flight D 3.4, 42.6 116.3 114.8
N - {(2) {18) (15) (9)

I the two extreme groupsa {i.e., those glven Criterion Ratines A or
C) are compared, there is no overlapping &t ell in the distributions
cf the Criterion Fiight Scoreg. In fact, the "best® © of Plight 4
has a Criterion Fligzht Score 24 polnts lowar {poorer) than that of
the "poorest" A. Likewise, a dictemce of 16 Criterion Flight Scors
Points seperates the & and € Griterion Rating sub-groups on Flight D,
a velue approximetely egual to the standard deviation of the entirs
Criterion Flight Score distributlon of Mligh% D. :

The 3lze of tnes biserisl ris and the difference in the dis-
tributions of Criterion Filght Scores of the sub-groups warrsnt the
conclusion that the two memsures of flight performarce are highly
related.

B. Evaluation of the Criterion TFlight fccres and Criterion Ratings. Since
the Criterion Flight Scores and the Criteriocn Retings correlate rather highly
with esach other the question may be ralsed ss to th: relative value of these
two types of criterion dela., A comparison of the two as revealed by this
investigation follows:

Ay

1. Comparison in Terms of Relisbility. 4 direct compariscn of relztive
reliebility 13 impossible szince the reliabilivy of the Criteriom Ra-
tings was determined in terms of contingency coafficients and fetrs-
chorle r!'9 in the crse of the three-point scele and two-point scele
ratings, respectively, while the relisbility ccefflecienta of the
Criterion Yiignt Scores are in %erms of Pearsom rie. The absolute
values of these stetistics are not directly comparable.

On the basis of a qualltative eveluation of the rellebility deta
on theze three gets cf criterion data, nowever, there seems to be -
1little reason for choosing between the three-point scale Criterion
Ratings end the Critericn Flight Scores. The reliability of the
two—paint scale Criterion Retings fell down somewhat in the case
of the Flight & ccmpari:ansh

2. QComparlson In Yerws of Discrimlnsbing Yalue, fThe diseriminating
veiuve of the thrze-point scele end iwo-point scale Criterion Ratings
18 limited; of course, btw the nuwber of categorles in the scale. By
the method 1tself, they do not provide for differentiation within the
categories. .

zeﬂhether the sceles could be meds "finer,” i.q., with four, five, or mere

categories,with no loss of relizbility is, of course, a question to be answersd

only through further experimentationm.
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judges. J. exp. Psychel., 1333, 25, ¢ #f~&‘££

"ne Crlterlon ¥1{oht Beoress, on the othor hand, provide s *continuous®
distribution, the Aiserimin.ting wvalus of which is determined by the
range end’) raliahility of the sgoren. Taking .90 to bs the estlmated
rolietiiliv 57 the Criterion $Flight Icores {Ses Table 4), it can be
ghown that the Drilerior ?lﬁ;& Jdgares will scourately plaze fndivi-
dusls into mo 1oust 6 cLlogeriss.Rt

2, {omparison in Terms of Their dukurz. The Criterion Rebings s represent
the gotposive 1%Q;g§at of Lo raters resulting frem & "icint® analysis
and GV&lﬂﬁbiﬁh of the pilot's verforsepce. The ratings essigred ave
thus based upon an sclive "ehecking® procedure in which the ervora of
one reter sre progunably caught ead correcied by Lhe othsr 28 The Gt~
barion Flioht Jueres. oo bhie otler haud, are formed mersly by ean
aritimoticnl sumsias of aspoot reilings eade Independently by “he two
retars #ith no provialon for wny inter-poting effect of une reter upom
the other.

The guegtlion la essenticlly oo of "poolsd® ve. "composibe group
Judgment conceiming which thare hae bezn considersbly daiscussion in the
psychological literature, Experiresbts such es those reporied by Cord aw??,
30, prucadi, ard Fvsunakgs hrve p&:ng%?ed to dononsbrate an Incresss la
validity reanliding from the seereping {or pooling) of %udgmanta afl Lhre
aividual shaevvers to form Szroup® iudpranis. Kelley??, however, poiniad
out that the inoresza In correlsilon heilwsen the grouvp orders and the
true order clozely followed thatv which would be predictsd by ke appli-
cetion of tha Speavmsn-Brosr Irophacy Fermals, end Stroopls, by means of

#
ot § - e s 3 oneh by pRrgp. R . e

273 formmle for dutermining itne nuzber of gl nii!“art,ﬁa segories Trom bhe
rellebiliby coefficlent Iz discussed Ia Bloom, Bonj. 8., Teak rellsbility for
_w?}&t? ‘I-J e eduﬁv ’thﬁ-&- a4 .‘i. }f L] 'f':"‘, 5:{ gf"gfgé‘ E

28, . s ] o

In wdaltion, the re-2&iing procecurs a3 weed 4n hild lnvestigation pra-
vlded. & check upon the gompowite judgmscts o7 the wwo raters; sivce the Somposiia

SIS Sy S

“Hatines I_osnd 1T were ielntlv compeyrel when he Criterion Radings were aﬂaignad,

fSarﬁnn, Ko, Groop Iudgmenta v the field of 2ifted welghnts, I, exp. Pagchal.,

;%‘3 ZJ 3Q3~m

“Gﬁerdony K., Fardler obacrvebiows ou group judgmeats of 13ftsd walghts,
J-o _?5?&;1&11} }.:’3}"‘36’;, .}:, 3»65”11-1:

3ipruce, R. S., Group judgments du the fields of 1ifzed weislts and virual
dlgczimination, J, Psychol., 1935535, L, {17-141

3gﬁyse§cag He & de Th@ wvatidity of judgmests az 2 foncbtion of ine number of

-

#

Pyeitey, T. L., The sppllredilits of the Bpasrmag-Erown Sovala fox e
massurenent of ﬂelxqbati;y% J. edine, Poyyshads, 1825, 14, 300-302

...... EIVT N

Mﬁﬁraop» Jo Re, te otee Sudzaani of Bhe groups hetter man bbb of the

[

.
[ sversge member of ths mhorw, g R Uaipbad., J7H0L L, TASNOR.
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a card-sorting experisment, demonutrated that the increase wag due
to atatiastical rather than to experimsntal reasond. Preston
further demomstrated thet "smelgametion of a sufficiently large
number of judgments fellowing Gordon's method might well result
In the group judgmeat being substentially worse than the judgment
of tha averagse menbar ¢f ithe group ... (az) ... in the case where
the medisn judzment showed & 5lisht pegative correlation with the
true order of the subjects being judgsd.? Preston concluded that
Tthe increages in guaation ars rsally ircreases in rellability.®

The results of tho preassnt invesbigation permit a comperison of

group judgnonts of the iwo {yper deseribed, i.e., arithmetical
emelgemation of Indspendant Indgments {Griterion Flisht Ssores) and
conposite judgments bagsed on tho intersction of observers working
Jointly {Criterion Patinga). A4lthough thers 1s mo sxtsrnal "irue®
order egeinst whish to tesi the velative walldity of the two types of -
group judgments, the extent to shich the Criterion Flight Scorgs agree
with the Criltericn Butings cen he debsrmined, A2 shown above, the
Griterion Flight Seores wsro found to be highly sssoclated with the
Critericr Ralings end, for a rough grouping of the subjects into
cetegorles, bhoth types of criterion dsta glve esseniislly the same
results,

4. Practicsl Consideraticns. The Criterion Flieht Scoreg have certein
advantages cver ithe Urilerion Ratings with respect to their practical
vse in regsarchn cnd powssibls uee iy the fileld., The advantagss are:

8. HXass of inborpretatinn. Comparlscns by wsans of Griterion -
Eiizan. Secres sre more sasily wede since the Criterion Ratlngs -
are in terms of the particular group being ratsd., 4 rating i
of F&, R for evemple, meansd that the irdividual is rated in
the Pupper 25% of the groug being rated." &n "4 rating of
one group 1s thus not peesasserily comperabls to that of
enothar geoup.36 & gives Filght Score, on the other hend, has
uo direct reference Yo the partlenlar group boing rated, although
3% is recogalzed that tho aspaet retings {from which the Flight -
Scora is compuldd) ars undoubtedly influsnsed by tha general -
lewel of performarcs exhibitszd by the group as a whole.

b, Eage of ataiiastice! treavasnt. GSince the Criterion Flight

F 4
B”Prcﬁtun, $.C., Hote on fhe relisbiiity and welldity of the group
Iudgment, Ju erxp. PEvehol., 1938, 22, 46R2-47L, N

&
3 Bee Foolnota 25, Page 24
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Seoxes form & goylinuous cistribution (in coutrasd o the
lerge cutogories providad by the Criterion Fetirgsl, the
T Criterion Fiichi 8eores con be trositsd by more sxtencive

e etatisticul meihods.

<000 T IR BUMMARY:  Comparisors belween corresponiding sets of griterion Ratings

v oand Griterion wli_ght Scores indlcate the: tha two iypes of msasures of flight
werformence are nighly releted and that Tor a crouping of sublects into three
categorics both types of criterisn deta give essentislly the sase results.
- The Griterion Retings have the adventngs of renresenting the comlined znd
iﬂt&T—thiﬂg Judgment of two cbservers while the uritarﬂngwﬁijght Scores pos3sess
" cevtein practical adventsyes.

COMPAHISON OF FLIGHT A AMD FLICHT D

L One cbjectlve of this imvestizition was ta2 determinsition of the extent
=1 te which Flight 4 performence L@ &ssociatsd with, or pradictive os,parformance
- om Filght D. Inter-comparisons were thus mede among the sets of {riterion

% . Rutipge snd Criterion Flight 3Scorgg obheined by the pilote oa the “two flig flights.
i ;

Comparisons betwesn sets of fritericw Retinas were made Ly computing X‘
" &nd P-valubs, betresn Frltexioﬂ 1 Betiars and Critericn Fiight Scores in terms of

. blseriel r's, and between sets ‘of Criterion Flight Scores in terms of Pearsonien
Jrfe.’

= The results of thegs comperisens sre presented in Table ., Tas following
“reletionships wers observed:

53'--_ »  h. Qriterion Ratingg Flight_ﬁ,versua criterion Batings ¥iight D.

1. There is a statisticelly sigmificont association between the three-
point scals (A, B, C, Criturion Rstings on Flight & and those on
"lJ.g‘:lt D, as indiccted by the F-value Of{ Dvsi .02 (See Table 5,
Saction A)

2. The extent of the ngresmeni is shown by the correcied cosfficient
of contingency of .49 and by thz fact thet approsimately AQF of
the 33 cases were placed iz the seme category op both flights.

ot 3. '"he reletivnship exhitited tetwesn the two sets of the two-point
L gcale (0 - L} Criterion Baﬂiras iz not statistically siznificent.

-B. ¥light & Oriterion Flieht Scores vs, Fillght D Oriferion Ratings.

1. The highesat birericl » between the Crlterion Flight 3core of
Flight A ana Criterion Ratings of Tlight U is .45, (See Tabls 5,
Section B). Thiz veiue 3z not sufiiciently high to be statistically
significent since for this comprrison & biserisl r of 445 or higher
night oceur by chance in approximately 7 tinmes in 100, 7 as read

=
E Y.
£
=
L9
s
=3

e
4

oy w‘! ey

kYl
Vith &n N of 33 and the proportions .727 and .273, the stendard srror of a

tiseriel r of .00 i .2329. Petars, . C. and Van Voorhis, %. R. Stetisticel

- Procedures and their mathematicel haseg. WNew Yorks MeGraen-Hill Rook Ce._nlnce
- }.940. P 365, formule 133,
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of the A, B, and C groups revesls conslderzdle cverlapping, even
between the two oxtrems (4 snd C) groups.

i. The relstlonship betwasn the Criterion Flight Score of both
flights is sufficiently high to be statlisiicslly significant.

2. The obtained Peergonian » 13 only .46, however, indicating that
prediction from Fiight & to Flight I would be only zapproximately
104 rettor éh&n chence 1f Flight 4 corformencs 1g used 88 a
pradininry, .

PR PO

COMPARISOR OF FLIGHT A ARV FLIGHT D

A. Criterion Ratimg Flignt A vs. Criterion Patimeg Flight D

riterion Roting Fiight D

{2485 <(C) U~ L (A)-(B+)
4 Score Versves B oa 2 - 9 18 - 15 8 - 25
Bisarial r A odil .38

C. Criterion Flight Score ¥Wiight & va. Critsrion Flight Score Flight D A

-

énalyeis of the atcve comparisons irdicate thaty in general, estimsiss of
pilict proficiency made toward the end of Stage A of C.P.T. primery flight
treining are not highly predietive of almilier estiraies made towsrd the end
of Stage D, the finel shage of C.7.T. primsyy Tlight instruction. .

Sbogitn

fron & pormel probability teble. Thia fect, howaver, doss not preclude.:
the poseibility thet tho two diatributions es a whole are significtntly. -

2. Inspectlon of the mctual distributions of Criterion Flieht Scores

. Flight 8 Criterlen Flight Scores va. Flight D Criterion Flisht Scores,

Pzrcent
1. Three-Point Scals (4,B,C Retings) X2 P O Identiesl
9.61  052.02 .49 59
’ Percent
2. Two-Point Scalae (U-L Ratings) Ke | F rigt, Identical
92 (.50 .30 .23 55

B. Criterion Flight Score Flight 4 vs. griterion Beldng Flight 2 (Blserial r'a)

S

nguilford, J. P. Paychometric methods. Rew York: MMeGraw-Hill Bock Co.
Inc,, 1936., p. 363, Table 74.
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In . tha'variouﬁ camgariﬂaL ﬂr*teﬂioa Ratin g Flipht A Tersus gritar;gg
Retinga Flight D, Criterion Pabings Tiight D versgus Critaricn Flight Scores

‘“:?lignt &, and Criterion Fiight ncoras Flight A wercue Crilterion ¥lisht Scores
Miight BS the amount of rnlauicnahin nud APLron imately 10% greater than that.

attributable to chsnca. Whether messured by & Peargonian » belween Critsrion
Flight ! §gg£gg, g_coefficiont of contingeucy betwsen Three-Point Scale Cri-
terion Raetinga 3 or biserisl r's between C Critexion ¥light Scores and '
hres-Point Scnle Criterjor Esiings, the valus of the correlation statlatic
shtained fell in the uppsr FAsLE- N

The obasrved degree of relatlcnship between measurss of Stage 4 and
Stage D performence certsinly cemnot be considersd sufficiently high te
warrant the use of Flight & Criterion Flioht Scorea or Criterion Ratings
as the sole critarion for "waghing-~ocut® atudant pillots at the end of Stags
4, or declding which students wre wortly of further training. If tha re-
lationship should parsist on edditlonel population samples, however, these
neasures could be uszed in cOﬂ?“BtiBﬂ with selactlon teste, blogrephicsel
inventoriegs, intarvieus, etc. Te the predictive efficlancy of thase

" sslection devices {no one of which 1n highly predictive) cem be added

that provided by estimetes of performence based cn a relestivaly short
"try-out® perloed of instruction,

IN SUMMARY: Cempari&nn of Piizht & and F;*ght D performance of &
group of 33 subjecis revealed that the two performances are significantly
related. Thke predictive value of Flight A performance, ns measured by the
photographic method, may be reprazented by an r of approrximately .45 for
one sample. Cross valldation is needed to establish the exsmet relationship.

|
ABALYSIS OF VARIANCE OF THE FLIGHT SCORES

The rating procedure, deseribed on pages 9 te 13, providad eight
separate Fligsht Scores on each of the 33 student pllots in the Plight
A - Flight D comparison, twn asch by the two raters for esch of the two
flighta. The Flight Scores sere thus subject to four scurces of vari-
ation: differences among pliots, differences betwezn raters, differences
between first and second rating un the same flight, and differsnces
between flights.

To test the significance of thsse differences ard, in addition, to
determine the existeuce of possible Interactions among the sourves, of
veriation, an analysls of variance was meds of the ¥Flight Scoras.

39Tha two-point seale (U-L} Criterion Ratings comp&riaon cbtained a-
tetrachoric » of only .23.

AQThe data 1n this investigstion will become & pert of the HMidwes:. Pro-
Ject data which include thess various types of predictors as well as sddltional
criteria, Inter-comparisons providing further informaticn as to the vaiue of
the Criterion Flight Scorss and Criterion Retinga will then be possible.

41&cknowledgmant is made to Dr. Malecolm Q. Praston, Department of
Pgychology, University of Pemnsylvanie, for hig ald in designing the ensly-

- 818 apd in the interpretation of the results.
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A2Tdentice) with the sum of the Oriterion Tiicht Scores for Plights A and D,
respectivaly, .3 yeviously asse ihad on Pege 15

B.

. ~31-
Description of the Apelvais. . The desisn of the snalysis can be ?
determined from en exsmin&tian of Tsble & which presents the sources
of varlation tested and the degrees of freedom z2ssigned to auch.
Since there were 33 pllots and 2 Flight Scores om each (two each by
two reters for two Flignts) the totel pumber of items in the epmalysis
ie 264 spd the totel number of degrees of freodom 18 263. They were
assigned to the avurcss of varlztion as fellows:

1. Eilots. The L.P. for Filots i3 32, one lsss than the number of
sublaecta. The Sum of Squurss for this seurce of variatlon was
delerained from & tabls in which each pllot was assigned the sum
of his eight Ilight Score§,£2

2. Fligkts. The D.F. for Flights is I, 3ince the pilots were rated-
on two flights.

3. BReters. The D.F. for Raters le 1, since the Flight Scores from
two raters wera aveileble.

4. BRatinzs. The D.F. for Hetings is 1, since ecch pilot wasz valed
twica for ssch flight by sach ruter.

5. Interscticns. The L. F.?
the product of the D.F.?
volved .

g for the six possible interactions sre
2 of the two sources of werlation in-

6. Errer. Tae D.F. for Brror is 129, the degrees of freedes re-
meinirg after the single gource znd double intersmctlon D.F.'s
wore aubtoscted frop the totel number of degrees of freedow.
This reveaindsrs is conpesad of the 77 Jegrees of freedem atirib-
nbeble to the Tour possible iriple interactlons and to the 22

dagrees of freedom atiribuiebla to the one guadrucle interaction..

4 seemed legdtimsie to consider thess triple aund quadruple
interactiens an the errors of messurement agsinst which to test
the significinze of the single sovrce and doubie intercotion
TeYisnce.

Results of the fneiysis. Tas resulis of the analysls sare presanted
in Teble 6. Analysis of Vepience of Flight Scores, which shows how
the totel number of degerees of freedon wes assigned to the sources
of verietion,

On the basls of the ¥F test, tu whilzsk the Sovree Varisnce ie comprred
with the Error Varisnce, the wnly sourcew of varistion found to be .
gtatistically significoent mare:

1., Uiffsromeces snong Pllohs: highly ¢4un1f;vnnt.-
2. Pilot~Piight Inmtereectica: highly significanti.

3. Fiight-hebing Intervction: sipmificent between the 5% and 1%
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| TLBLE &
ANALTSLS OF VAHTANCE 07 FLIGAY SCORES

Source of Sum of Mesn Squars F a%
Yeriabion D:F.  Bumares (Vardance) F 5% Level 1% Lovel
16 Pil—ﬁftﬂ 32 33@35:1} 3603 u?é. },Q;‘}? 1955 }-u85
e 2, Tlights 1 23.02 28,02 334 392 6.%
B 3. Haters o a5.52 15,52 1.85 3,92 6.84
4. Retings 1 .25 24.25 239 3,92 €.%
& I 5. Pilot - Flignts 2 2679 39.62 472 1.55  1.95
- E ¥ .
T 6. Pilot - Reters s 21143 ’ &.H) <19 1.55 1.%5
E .
K 7. Pliot - Retings 3z 23575 Telldy .36 1.55 1.45
4 ,
¢ 4, Piighls ~ Ratars 1 11,50 13,50 2,20 3.92 5.84
T
I 3, Flighis - Ratings 1 33.% 33.36 | 4.6% 2.92 £.34
Q
‘8 i0. HReters - Hatings 3 3L.97 .97 3.91 3.92 &.94
3 i
11, Error (Remainder) _12¥ 1G34.17 8,40 -
oo Total 263 6439.13
,g.*' ) G. Interpretation of the Hesulis. The results of the analysls of verience
& cen be ussed Lo anawer several importont questlons coneerning the reating
§§S7K : procedure used in thisz Investigaticn. Ths questiuns are as followa:
gﬂ 1. Are the pliots ﬁifferéntiai&d by wmoans of thz Flight Scores?
L On the basis of ihe highly significunt P of 12.97 obiained for
A ] Differances imong Pilots as & scures of wariatlom, the answer

to this questicn is clesryly "yes.¥ The differences in Flight
Seores emoug pilots cennet be attrilbuted to errors of measure-
ment.

s
o X
"

Y LAk
"1.“*6"‘% [
SRR

s

]

2. . Do ths other single scurces sf veriztion determine the Flight
Beoras?

The amswer to this gusstion Is "dc,? on the baslsg of the Fact
that no significent differences iu Flight Sceores were obtcined
between Flights A end D, betwees tha two raters (Thompson and
Bwart) or between the first and second retings. The F rvatios
for these three comperisons were sll cnaller thsn that required
for sigaificance st the 5% lavel. (fee items 2, 2, snd 4 of
T&b},ﬂ 6 * 2

+

R R T



~33-

3. I=2 there a high degéee of reletionship between the FPlight
Scores of Flight 4 and those of Flight D?

Informetion on thie question is provided by the significance

of the Pilot-Flight Intersciion (item 5, Table 6). If there

were oo Intersction, 4t would mesn that the score obiained by

e gives pilet would be ipdependent of which of his two flighte
was being raved. VOood" pilots would thus obtain "good"™ scores
on both flighis and a high positive correlation would be cbtained
hetween scores on Flights A end D. RS

A8 noted abeve, the Pilot-Fiight Intersection turned cut to be
significent, indiccting that the reletionship between the two
fliphts wes lesz2 than perfect.43

3

4o Ars there any significint intersctions resulting from the use
of two Plights, iwo ruters, and two ratinga?

The snswer to this guestion 1s "No," with the possible exception
of a Flight-Rating Interschicn where the P-ratic is betwsen
the %% and 1% isvel of significance.

In genersl, from sn enalysig of Items § to 10 on Table &, it
ran be stuted thets

{8} now a pilot was retsd dld pot depend upon:

{1} %m0 was doing the rating {Pilot-Reater Inter-
senion, Item A).

{:% Whether it was the first or second rating
{(Pilst-Rutirg Intersction, Item 7).

{pY ihe'ratera exhibated no characteristic difference
in thelr ratings un the two flights {Flight-Rater
interastion, Them H).

{c} the ratings zasigied to Flights 4 and D, separately,
3id depend eonewhah upon whether it was the ficgt or
secondi rating made, tFlightmﬂating Interaction,
Item 2.} r

{G%  ¢he raters did not differ significantly as to .ay
sonstent bendency to assign the first ratings dif-
ferently trom *he szcond ratings. {feter-Reting
interactian; Item i0). Tahe P ratio upproached
rather closely, however, to tha walue at the 5%
lavel.

e - OV S SO ORI S S

43mhe aotusl cosfficient of vorrelution beiween the Criterion Flight Scores
of Flights A and 0 was found tc be 46, ms given in Table 5, Sectlon C.
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IR SUMILEY: Ap ensiysis of varlenmcs of the Flizht Sceres revssled thet
differences slween the o retarg and Letwocen two retings by the same raters
e were not sig ificent. The wejor sourses »f weriation lay in differences
<% gmomg pilote end I the foel that Flight & and Flight D performences Tsi¢ sig-

A nificantly t % not highly. sorvelated.

ESIZQ ) THE USE OF CRITERICN RATINCS WD CRITERION FLIGHT SCORES

S AG CRITERION DATA

?;": i . Am wointed out in the intrcduction; this irvestigeation waz undertnken to
S attempt to provide messures of flight proficisncy which would be adequate for

v 28 criterlon dsiz ip the 1942 Wideest Froject. The resulting Criterion
oo Bstings end Criterion ¥Flipht Beorsszmys? therefore be evaluated in the Light

L 7 . of gtanderds required for an adegquale vriteficn, nanelky reiaasiixty, validity,
< ° . diserisinating velus, and practicality.4%

A. Evaluation in Terms of Aeliability. From the results of the investi-
gation it may be concluded thel the msapures chieined were sufficlently
relisble for use as urilterior dats. Judged egeinst absolute st&ndards,
vtha reliabllity of the Criterion Ratinga end the Criterion Filgnht

gores is approximetely thet reprezented by wn r of 30, the commonly
&eﬁagteé pinimun reguiresent {or adecuaste relisbility. Judged sgainst
relative standerds, the obieined rellsbility of these tmo fypes of
s measures is supgericr to thet of other eriterion meazsures aveiieble
L in the Midwest Project.

£ This statement should be tempeced, however, ty s considerstion of the
limitations of tha present study. The limitetions are as follows:

1., The Smell Humbper of Copey Invelved. There are only 33 cases of
7; Flight A&, 34 of Flight D Summer Croup, snd 36 of Flight D Spring

Group.4% The fact thet the results are fairly consistent from
sample bto gample, however, increases the conficence with which
copclusioms cgn be drawn.

Pdopy, bt e
RO I

e eax’?xi:i, o

o ' Z. The Smeli Numbar of Raters Invelved. The guestion of whether
the method desgeribed in this raport would yield relicble meaa-
ure’ when used by obaservers other then the two who took part in
the development of the method can be snswered unly by means of
further experimentsl investigetlons. There seems no reason to
suspect, however, thet othsr observers, sdequstely ludoetrinsted
with respect to the use of the rating procedure, would not pro-

- dues retings egually reliable to those obteined in this ﬂnv&sﬁiw
gation.

L

3
L
Ed

The Use of & Single Sample of Flight Performance. For osch
aubject (at a given atage) only one sample of flight performence
wes obteined. HNe ivfornm.tion aes been oblained, therefore, us-

to whether the photogrsphed flight nerformence wes renresent: tive

e Bl e, T e
LSRR CEE s T N S
A Sy e .

PR SR

éﬁ}% is expected that the liidwest Project report will include dats concern-
ing the relationship of the nhotographic criteris to ths other criterion mezsures
used in the project and will describe the method usad in aceveloping & composite
criterion bagad on photographic criteris, ratings by Inatructors, flignt inventory
scoras, and totel training tinme.

,'éﬁln
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the case of the Criter Fiight Scores there were only 33 cases in
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of the flight proficiency of the subject being tested. Thus,
although the obteined ratings mey be a reiieble measure of
that particuler photogrevhed flipnt, it may not be a reliable
ressure of the subject's flight proficiency and thereby be
en mreliable msssure for criterion purposes. In brisef, the
ratings mey be reliuble but the single flight unreliuble dus
to pilot werickility.

Under ordinurvy girvcuustancez 1t ia difficult to determine the
relizbility of m atudsnt's performence on a single flight since:

(s) If cnc "check pilot? rates a student pilot on img
suceessive flichis his rating on the second flight
muy well be influencsd by his recall of the student’s
psrforosnca on the first fiight, angd

(b} 4if ratings by two "chack nilots" who Tlew with the ’
same studeni at different times are compured, it is
extremely difficult, if at all possible; to determine
whether the scurce of waristion betwesn the rutings

18 in verietion in Tlight perfornance by the student,

or in the variation between retincs by the *two cbaervers,

Llthough this investigetion does not provlde the neces-
sary data, tha method of photographic recordingé and -
the reting prucedures used im this study provide excellent
meang for determining the reliability of e single flight,
since independent retirgs of succassive flights cen he
ohtained froim move then one observer and the identlty

cf the pllet czn bs concealsd by blocking out temporsarily
the identifirsfion dets im fne Film.4

B. Eveluetion in Terms of ValidiYy. The present iuwvestigetlon providas
ro experimentel data as Lo the welldiiy of the criteriocn weasures
pravided by the photogrephie nethod. Tor this reesson, the justifice-
tion for their present use «g criterion dats must come from a con-
gideretion of their "logicel, or "fece® velidity.

1. Adequscy of the Photograohic Records. As pointed out in the
companion report on graphie recording of pilet performunse, a
f"gatisfactory performence as a pilot involves a bolanced coubli-
nation of judgment, a-ill, end emotlonal stabillity uwnader ths
conditions of flight."s® These thrae mujor aspects are stressed

461t should be morted thet, for & study of this problem, similar advantages
are posssssed by the use of grephis recorders of pilet performunce, Vileles, Yorris
3. aad Backstrem; Oscur, Jr. op git. ' A

47guch a study is now in orogress as e part of the 1943 Midwest-Kevy Traln- :
ing Project in which {wo successive flights of esch subject ars teing photogrephed.. . &
For this study the reliability not oaiy »f tae flipht as e whols but zlso of :
specific characteristics of Flight peviornanses wilt be cetermined.

A
s rate s Ve pda B e bacvoie s osr Jr, o omwe wiia, op. i
o £ - S LS A
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by both & lpgicélkanalyaiﬂ of the tesk of piloting a plaﬁ
ard by a fector 4nelysis of flight instructers’ retings.®’ -

The photogriphic racords sre ideally suited for the snalysis
= of dete deascriptive of ths "gkill® agpect of flying. The
R : cemere, Tield?0 provides complete informction concerding the
P attitude and performumce »f the plams in teras of airspeed,
R.P.M., position of nose on horizon, angle of bank, rate of

2 . elimt, changes in eltitude, rete of turn, and extent of slip
By S or skid., In addition, the plloi's adjustments of the three

E controls {(rudder, aileron, snd elavator) are recorded. The
.0 N progress of the plene throush the air can be accurately re-
AR ‘ conairucted by moticn projaction of the Tilms and the permenent
gn.07 record anablea the perdornencs to be obsarved ss meny times as
e ' desired.

s - A posgibla objection to retings of pllots on the basis of

observation of motion photogrushs of flight performance is thet
direct evidence of pilot judgment, wnd of ability to fly the
plane in relation to objects con the ground, is not furanished by
the method. Tor exemple, motion photography does not meke it
possible to datermine dirsctly whether or not s pilet will fly
ercund, or throughn, a thunderstorm, or whether he steys the
corract distance {rom the pylon when flying the "figure eight®
maneuTar, )

A linited amount of indirect evidence on pilet Judgment, hovever,
may be oblained from photegrephic records. 11 may pe posaible
to gquestion ithe judgment a8 well as the skill of thet student
: . - pilot who jams the throltils forward abruptly, of one who executes
i \ ; a ¢limbiag turn with the pisne just above the stalling point,
- or of the student pilet who mekes hls approzch to a landing in a
"gruve-yerd® or extremely flat glide.

AB is evident from the method of enclysls of the photogrephs aa
described on Puge &, however, the crienteation in exemining the
photogruphic records wes primerily towerd performance (i.e.,
pilot praficiency} &s evaluvrted by observatlon of control move-
ments end plene performance. No effort was mads to evaluste
elements of judgment as distincel from those of skill, involved
in the correct perfermance of flight meneuvers. In the evalu-
stion of maneuvers nobt relsted to ground patterms, the photo-
graphic records would ssem bo heve considerabls merit as compired
with other graphic methods and vith direct cbservaiion during
flight.

P s e
ey Ter e

b
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o , 4"i[e].ly*, E. Lowell. The development of s acele for rsting pilot compeiency.
o Washington, D. C.: Civil Aeronautics Aduinistretion Division of Research, Report
ho Bo. 13. July, 1943.
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See Exhibit =. Bege 6.




. benk of betwzen 30 snd A5 derrees, release of back pressure scon

L

Tith respect to the Temotional stability® of the pllot, the
photographs obvicusly provide no information, except in the -
rars instances in waich the pilot"hlows up® and makes rendom
movenents of the controls. However, it is difficult to meas-
ure thls acpect of nerforisence by sny technique other than
subjeetive judgments basad upon direct observetion over long
periods of time.

2. Nature of ihe Criterien Hsasureg. The method used in evalusting
tie recorded performence invoived essentially a comperison of
how the noneuvsers in the stendard flight were serformed aguinat
hew _they should heve beeu performed. Thie compirison resulted

in ratings representing the judgment of the observer {or reter}’

=3 to how clossly the observed perfornence met the standards of
perferrance sot up by Lhe observer. )

In thls reting-situ-tion, the ®idesl” perforn=nce was determined
by (&) principles of werodynuzica, e.g,, turnsg shovld be mads
8o that the plune neither slips rey pkids, direction should bs
meinteined in straignt neneuvers, wings should ranein level in ;
level meneuverg, sititude should be wainteined during level turns,
ete.; and {b) certain specificitions, e.g., medium turn with s

after breel in Norwl Povor-off 5tsll, ate. ot

Two precuutions ware token so thnab both of the two observere

{or raters) in thisg investigeldon would develop and maintein the
sarne reletive "glondurds® egeinst which to rute the cbserved
perfarnances )

{s} A lanuel of Rating Procedurad? was prapared which des- |
erived the rating procadurs end listed (for ecch meneuver} -
the Teritical™ chgervatlona to ba mede. B

(b} The rating procsdure peevided (in the cass of the over-
all retings) a croas-checking procedure by newnps of
wnich all cases ¢f discrepancies in ratlung betwesn the
tio obrervers were reviewed jointly and & "combined®
re bing madz.

SIAB noted in the reporlt on sfrapnic regords, "records of airpiane attituds
guring flight c:n be mewningful &5 criterlcn dobta in evelusting pilot pev-
formence only if maneuvers Lo Le nerfcraed ure fully set forth in rigid gre- R
seriptions to the pilot {or reporisd Ly the pilot to the experimenter). Criterion . £
duta then wzre essentlaliy reprosented by the devistions of tas pilotfs perforrince
frou these prescriptions.® PFer further diccussion of the ase o records a8 &
source of criterion nsta ses Vileles nnd Dackstrom. Pages 1 and Z, gp, cil.

52
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Presanted in Appendix o.



The rating procedure, howevsr, did not involve the igse of an
explicit method of evaslumtion, in-ths sense thet a predeter-
mined system of differential weightirg of observed deviations
fron the "idesl® performance wes rigorously spvlied. The
evaluations, in the form of the assigned ratings, were sub-
jective and based apon implicit standerds which were developed
by the two observers lavelved, and which msy or may not lgrle
with those of other obSBrverse .

“o The ratings are thus "general impressions,® dezigned to take
£ into account the dynamlc aspscts of the performance 28 a

: - vgegtalt.® That these general impressicns were subject to
L . the varying influences of "succeassive contrest,® personal
blagses and prejudices, arbitrary welghting of specifie
faults, efe. is undeniadbls. A more ®chbjective® evaluation,
1. 8., in terus of numerical weights assigned to specific

i"mA' o items of performance, would sliminete some of these
R o weaknesgen. It seemed desirable; however, at least for
FRE this investigution, to utilizs en over-all rating procedurs,

AN ‘ based upon careful observation of sccurate recording of the
e perforoance teing rated ard vpon e eross-checking technigue
T in which two observers Jolntly rs-ratad the performence of
cages rated differently during their independent rating.

C. Evaluation in Terms of Disoriminuting Velus. The usefulness of &
criterion depends somewhat upon the degree to which 1t 13 able to
differentiate levels cof sucecess, or performznce. For example, 8 com-
monly used criterion is tant hased upon suceess or fullure in a trein-

;. ing program, the Pass-Fail criterion. IY has limited value, however,

3. except when large groups sre involved end when the proportion of

L Mfeilures® 1is velatively large. It has limited application im research
involving C.P.T, students where the washout rete is negligible. 1In
addition it does not prdvide levels, or grades, of success, merely
seperating the "gheep® from the "goats.”

The Criterion Retings, &8 provided by this study, permit only &2 meny
levels as the rating scele provided, namely, tirse for the A, B, ©
rating and two for the Upper-lower rating. Coumbined, they permit a
division of the group in%o quartiles {A, Upper B, Lowsr B, and C) but
the resuits do not warrent dividing the "B!'s" into sub-groups. They
have been showvm, however, to differentinte smong levels of performanre
of "successful® gtudent pilcts.

o ' Since the Criterion Flight Scores czre continuous, thel» discriminuzting
¥ efficlency ia determined by %helr ringe and reliability. A4s pointed
out previaualy,53 the Critﬁrlon Flicht Scorea cen be 9¢id to place
individuels sccur: tely into ut ieast 6 categories.

For practical purposes, u«nd in the light of owr wresent knowledge of
pilot proficiency, measures of perflormunce which reliably identify the

53839 Page 26.
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veream of the crop," the "average" group, &nd the "border-line cuses"
of a total population of Mpussing" atudent pilots ure of sufficient
velue (if validity can be logicelly essumed) to warrant their uss as .
eriterion data in siudies of predictors, trsining methods, ete,

« D, Ewvalustion in Terms of Przcticalilv. The photogrsphic method &z &
neans of obtaining crlterla is admiitsdly one with prectical limite-
tions which resiricts its use te reasssrch ruther them fleld use. Its
practical limitations ere as follows: )

1. 1% requires & plana with specilelly installed photogriphic equip-
ment .

2. 1t iz expensive, the film apd squipment belng costly.

3. The records ere not lmmedistely availeble, requiring tims for
printing of the films.

4. The length of the flight iz limited by the film supply.
5. The time required by the rating procedure is rather long.

On the other hond, when time wund cost ere relatively uwnimportent in
comparison with sccuracy and sdequezcy of date and when basice research
is the primery cim, the pholographic method (and the resulting criteriom -
date) heve definite adventuges: -

1. The flight performanee is permensatly recorded in & form reedily
interpretable, i.e., in terms of stundard units such as airapeed,
rate of cliwh im fest per winute, excursions of the bull in s
gtenderd ball-bank instruwent, ole.

2. Oposrtunity 1s provided for wors than one observer to mnelyze
the sams performence erd for nore than one viewing hy the saue
person without the conteninatlon resulting from kowliedgs of the
idmtity of the subject,

IN SUMRARY: The Criterion Patingss and Lriterion Fiight Scores ylelded by
the photographic method mey be rscommended for use es one type of criterion
dete in.aviaticn resesrch in that they exhitii setisfzotery reliabllity, pro-
vide messures of the "skill® aspect of piloting, end differentiate among lsvels
of perfurmasice of Usuccessful® student pilots. Practicel limitations of the
photographie methed rastxlet itz uee ar & source of ¢riterion data to basie
reseerch whers time end cost wre rslstively walmportsnt and aceuraey of data
is the primary aim.
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FURTHER DEVELOFMENTS IR IHE USE OF THE FHOTOGRAPHIC METHOD

48 pointed out in the Introduction, inspection during motlon projection
~ of the film can elso be directed towsed the gbgervation and recording of

- gific items of perforzance such as "slips during entry,” "loss of altitude
during steep turas," "engle end aslaterce of bank in turns,® etcs .

This procedure h&s tha basic zdventage that the dets obvteined are prima-
"~ rily descriptive rather than evalustlve in neture and guestlons of personal
SRR Elas of the observer, shiftlng standards, ete., do not arise. The performance
T &9 & whola could than be ¥scored® if =sn explileil and experimentally detsrmined
.27 agystem of differentilal welghting of specific ltsms or "patternz® of
A items were prepared.

Such 2 procedurs (involwing the preperacion and use of check sheets,
apnalogous to the Ohio State Flight Inventory) is now being used in comnecilon
S with the Midwest-Favy Training Project. Frox this current project (involv-

: ing a larger number of rubjects) will bs obtcined dats which will provide:

s _ 1., Furtker informntion as ito the relishility of the photographie
& o . method of snzlysis of flight performencs.

2. Comparisea of items of flizht performance es revealed by the
photographic records snd as checked on CeA.A.-A.C.A. Form 3422
by insgpectors on the btasls of direct observation during the
photographed flight.

3. Information concewning the relisbliity of the single fiight as a
work-sample of flight proficlency.

iy E

4. Comperison of groups treined with end ﬁithcut vae of flight in-
ventories as training =ids, -

eI

e

e R VI

ADDITIONAL APPLICATIONS OF THE PHOTOGRAPHIC METHOD

The photographic method is particvlerly epplicable in ressarch problems
- ip which permsnent recording apd detalled snalysis of flight performence ere
;7 . . required. Besides the axamples given above, other probiems suggest them-
Sk selves which couléd orofitably be ettacked bhrnugh the application of the
- - photograpalc method. Some of the possible applications sra as follows:

W - 1. Determination of the exioni of dependence upou flight instruments,
. by comparisons of flight performancs with apd without vision of
instruments. ;

' 2. Study of the differences in sarformsnce among experlenced &nd-in»
experiencad pllots, espscially insiructors and inspactors, leading
. to greater standardization of flighi imastrvcilon and inspection.

3. Determination of the amount of “inspectnrinia," by compurison of
student performance with and without an inspsctor in the Plane,

4. Comparison of photogrephic and graphic records of flight performance,
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.5. Comparison of student performence et vurious stages of the training "
program. e

In additlon, the photographic method hes 2racticel applicetion as a-
fisld {88 well a5 ressarch) technique, aspecielly in conneetilon with flight

Instruction. Pesgsible epplicelbions in tois area are: T
f

1. Developmant of an lastructionsl filw ag g visuel treinlng aid. Idesl “k
performancze of maneuvers could be {ilmed and azede available for study v

on the gromd, Comaon errers ead their effect on flisht performance ¥

could be visuslly presented, i

2., Use af a photographie plaune ng w field instrunent Tor snulysis of ' B
student pilots having difffculiy with s given meaneuver. Phobtogruphs ‘%f

. ' taken “uring flight could be ussd in s mesmer slmilar to the Monduy i
norning snalysis by & coach of Saturdayts football gate. .

3. Yase of zhoitezraphiec records in doubifni ceses of washout, The ilms
oould serve as cbjective evidence "oy covslderstleon by review boards,
»
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APPENDIY A

DESCLIPTION OF STANDARD FLYGHTS USED IN THE 1942 WIDWEST PROJECT

Frepaved by

Horris 5. Viteles
and
Albert 8; Thompson

Univercity of Pebnsylvanie
Philadelphis, Pemnsylvania
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STARDARD FLIGHT &

'

jgngQQmeu

(Revised May 15, 1942, in sccordenca with changes in C.P.T.P. de- o
seribad in C.A.4. General Release No. 4, "Supplemeniary Inatructions B
for Civilien Pilat Treining Flight Courses, Spring Sessiosn.m) <
This f£iight ineludess the besle menecvers taught in Stage & of the C.P.T. ’%
progream and describes the fiight to be tzde by the studsat pilota whils being e
cbaerved and photographaed. : i
, g
The "eritical meneuvers,” rupreseating those mansuvers which are being i
gtudled, are daslgnated by wunbers and ars capitalized. The Intervening S
wendvvara sre “tranglilon wensuvers," raprecenting those meneuvers whose pur- :%

pose i to get the tlans inks posiiion for the next eritical mansuver,

Orier and Dmseriofion of { Kansuvers

e

oot
Ardrg S S s

1. TAX:s  to tske-off line nlus pivet turn for observation of aporosching Aiﬁ
alreraft snd bturan back inte wiad, “
2, TAE-OFF: inty wind or &a neer &g aygrap:iata rungey alless, E

3. STRATGHT CLIMR: leval o™f in scoardance with lecal regquirsments as o
altitnds eod disterce frow fio:d bounéary.

o
o ol Rl A

-&

Transition Muneuver A: doperd Dvon wirpert in cceordence with logal o
traffic rales and §"v‘“§§ W prastice srea. . Bhile Tlying to
practles eres maks comianin that tha piune is properly trimred :

for stradlshh wel level Flizot.

-:. e
B e

he QOO LEFT CLIMEING TURN 2 JEOGVLT: enisr froam end racover in straighd
elink, beginaning uﬁ 2imrel frex ohoarver, and recovering whsn
S0C Fecw cdirertion at enley.

1
=¥

ERHEL SANUIS SP i AT AR TS

e

Tremsition MereUver ¥y procea’ io corveel location Tor siscesding oa-
neuvvsr atlalnang 0007 2lhitud; an& haeding irio wind.

5. STRATGHT GLIEE: iIsun wind with optimin gliding angle, ke lnning st
000 end vacevering st aloiel fros chearvaz.

Tpansitiea Bapeuvar O pbhoin =] tuds of 00 and head lato wingd. :
. OC° MEDIUM HICHT TORY LMD S200YERT: ed sltliods of 700 ernd with 259 ‘“é
bhany, sterting intp wicd and snding In crogsz-wind ddrection. 5P

Transition foresuver O srerdt cimadsht zxd level Flight a% 70t, haoed.
ing in crogzemdad dissetlion,

. 509 BEDIUR LENT ;Qé ANTY DECARTRTY s ah sl titede of U0 and with 48

RSN
bank, arvercins crorsaded and ewdlivg fnte wied.

BT
|yt TN HEETE Sy o haghab

Transitlon Memawrsy B ghort Steedpht wnd Tevel 13pht, at 700! altilvda,
haeding Ints wliad.

%
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Stendsré Fiight i ' ' {Revised 5/15/42)

8. 907 MEDIUM LEFT TURW ARD HROOVARY: at eltitude of 700! and with 459
benk, starting Inve wind and endirg in sross-wind direction.

PO Trenmsition Moneuver F:  shart st-eisghy and level flight at 7000, head-
R ing cross-wind.

9, 90° MEDIUM KIGET TGEH AND SECCGVENY: =t altitude of 700¢ and with 459
bank, starting cross-wind and anding inso wing.

A ohpe oy T ¥
g

e

Trangition Meneuvor G: short stoalzht and levei flight at 700' heud-

- M

l ing inte wind. .

zi 10, OSTRAYGHT CLIMB: into wind wiih optimws clirbing srgle, starting at
e 7007 altitude and leveling off at signal from observer.

;. Transition ¥sneuvsr Hi obitaining sltitude of 1000, furm down wind.

il. STRAIGHT AND LEVEL TFLLGET: down wind et crulsing speed at slbtitude of
10007, cbiedining stzaignt mad level flight as poom as possible
and maintelining straieht and level flight unill observer givas
8igeal for mext weamuver.

Trensition Manswrar It upon inmsiruction from observer, proseed to cross-

15, FINAL APPROACH AND LANDIRC: lute wiud, beglaning final approach ot
least 10007 from elrwmort Lowndsry.

%thﬁ‘ roads suldsbls for O-bturns and rechtangular course, turning iunio
Lol wind sn route.

o 12. S-TURNS ACRDSG ROAD: begln iwte wind and meke firsh 180¢ wurn to right
AR followsd by a 1909 left tum. Bnid mencuvsy hsading inte wind.

f; Tranaition Maneuver J:  upon ingiructicn from dbmerverg proseed $o

e corract lecation for eniering rectazgular courss,

é? - 13. -BECTANGULAR CUURSE: begler into wind, perzilel to wone side of the rec-

< tanguler course, and meXs four turna %o left, esding maneuvesr

e dmmediately after fourth “ure and whern hsading in sepe direction
% as at eptry. .

y Transition Maneuver s upen instruction from observar, returs to sirport
i eccording to locel flight ulss.

b 14. 1300 APPROACH TO LANDING: from sltitude specified by locsl fiight rules.
£ Close throttle oppezits iptended lsnding spot and make tvo scparats
i - 90° turns.

15, LANDING RUN: &t leasst 10G- without uge of bralas.

17. PIVOT TURN &ND TAXI: Lo deuwired pouitiom.
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{Rovised Msy 15, 1742, in accertenze uii$'nhangae in G¢PJT3E. de~
serited LnTAA. Gerérsl Relesss No. 4, "Cupplenentary Iestrudtions
for Civilier Pilot Trainlng Fiight Courses, Sprimg Saasipna*}

Tnde £flight is deslgped for us: in Stapgs B end is comno&ad of $he Baw
acurers included in Flight & wiith tha addifion of Powa“nﬁff 8t2ll, and Elenen-

cary Bight. - : ‘ -

The *Critical muneuvera,“ ropreswntieg those mensuvars which are belng.
studle”, ave dssignated by numbsrs exd ars cunltulized. The intervanirg i
neuvers ara "iransition rmiaeuvers,® roprezen ing thoze BRnSuYers ﬂhess.purpose
18 to get the plane inte positior for the pext critieal nﬂnauvar;

. “
-

Order ond’Descriptlon of Kungurers

1. Tadl: to take-ofl line plus pivel turn for obearvation of approaching
alrersft end turo beclk fate wiad, ' .

2. TAXE-OTT: into Hiﬂu or n3 rewr. uf eypropriete runmﬁ&~allows.7 -

3. STRAIGHT CLIMB: level off 52 ococordarcs with loeal raﬂﬁtrevqnts 25 Lo
-fu

.
pitdituds avd dighenom frea T4 bnumaaryo

Trenaitlon Mareuver A3 depart fros advport in zecordenes with local
traffie pilop sl proczasds Lo practios aven. ™Mulle flying to
praztice alsa male coviain thut tis pla;w is properly trimmed
for streight and Level f]t¢1t o

4. 30° LEFT? CLIMRING TUREY & BROIQYC i! snt e from and recover In straight
elinb, begloning &b simul frow shasrvar, aad recovering when 990
frem divaction at ¢olry. .

Trenaitior Msneuver Ny pooceed to coviest location for ﬂUcceaﬂing
neaver, abicining 0! «lilivds and hesding {rtc wind,

5, NORMAL POVER-UFT ST40L ADD &FOOVIT: wlthout use of allercas,

Transition Muneuver C; raducsz sl¥atude 6 10000 end head into wind, {1
aporopriats locstion Tor ths srosecding mansuver.

© 6. 3TRAIGHT GLIDE: into Wivﬁ i ooplizaw giiding engle, bagiming at 10004
and rezovering b il fror chessver. .

Tranzltlon Marewuvsr D:i Oubsin alticuis of TOU' and ﬁaad into wind.

7. 900 MEOIUM AICHT T2 2D LECNLAY: o sltdliude of {Gﬁ’ and W¢th 450
bani, storiin; 1oty sird 2°d analng 10 cross-wisd diractlon.

Trarsition Nopuver #d o gaect stocighd wed bzwal Plight st 700! heecidg’
In erosm-vind irsxilon,

T e -k, . . v e
e TR ToEee FLa ST - T kS
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tnd with 45%

"‘ravzslti&n ’amfvmsz:’?: 2
b hesdivg im;s :r.,nﬁ

reet nhralght anc‘% 1@?51 fligﬂ*‘, at "M ellitale,

3 Trem
PRIFTAFY

TUEN JRD RECOVENT: at al t.ttmda af T and whh AED
Bmk, ﬁmxftmg, iniy wind and amﬂmg‘ “11. m'caaauw.aﬂ directian. '

| shord woreizht m,ci Ietral f,s.igin afa 0, a&d»-
T ;Lgag_;f:rﬁuékizleS,
- 30F WEDIOM Ki3T TORE ARD FECGVERY: ab 3ti4s of OV and witn 450

_bari, tertmg erass-wind end wyling ato wind. ‘
Trahﬂititn Hnrepver Hs

fhort rtenight &nd jevsd flight at 700t, head-
lﬂginww:md.‘ﬂ . S :

1‘I'HMGHT CLIMB: . izta \iﬂm‘ with optimue cli.ﬁzbing &ngla, Btarti.ng at ""GC}'

P altit sde and leveling off at signa fram obaar?ero .
Tp&néﬁsiér; ﬁf-.na'wa: T3 obuairiang eltilnds .oi’ 1.930' 5 turn dewn wind,

STRAIGHT AND LEVEL FLIGHT: dovn alsd ot sruloing apsed st altituds of

~ % 3009, obtaining wlral gjﬂ* and lovel flight as soon-&s poasibla,

¢ F . -end meintaining etralph? s2d level :li;,ht. until oha&r*mr gives
' plgaed for nemt BELSTTAr. o _ )

Transitiun Manouver J: upin imstrusiion from Jusepver, _pﬁbcaad to cross-
.rgeds euitzbls for S-tiraoe mri rectangu*&: egurge, turning inte
mﬂ o rautra. ,

‘; - -

S-WRR:& AGRQSS F.OM}; begiﬁ Inte wisd e.nd mke fir&t 1300 turn to right,
: follawed by s leﬁ 1aft Wy, Ead mmawe*’} sadiig into wind,

Ti:'unsitj.on ‘Baneuver i ‘uptn Inatrid i fr:’::i obsar'!rm*
. -correit leeetlon for enterlip racmtulﬁr &o‘m‘ﬁe-

RECTARGULER COURGE:s- kegia into V;'LLL., ‘paraliel ta, me_aidm of the rac.

S banpguler ccurse ead make Tour urng- to lefi; aplick vatevvesdr |
STy dmmedietely sfter fouedh ture and ﬁ{;@g{hq{;ﬁﬂg n pame directiosa
' -t A B’ftry.: R F SRR R :
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2O
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Preossd Yo ac::mct poalilon for entry

Traﬂ'sitim Mepeuvar L
ﬁighu, baginning crosgswind.
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Stendsrd Plight B (Revised 5/15/42)

15.

16.
17,

13.

ELEMENTARY EIGHT: make one complete .ight, beginmning with right turm
and pussing through intersection in level flight.

Transition Muneuver M: upon inastruction from observer, return to air-
port. Proceed to position appropriate for closing throttle for
1809 gide approach.

1809 SIDE APPROACH: close throttle opposite landing spot.

FINAL APPROACH AND LANDING: into wind, beginning Finel Approach at
least 1000 from airport boundery.

LANDING HUN: at least 100' without use of brakes.
TURN AND TiXI: to desired positionm.



STARDAED FLIGHT C©

{(Revissd ey 15, 1942, in aczerdanze with changss in C.P.7.P. da-
gerited in C.2.A, (eneral) Ralzaza Ho. 4, "Supplementery Instructlors
for Givilian Pileb Training Plignt Courses, Spring Seseion.F)

This $light 7 desigrsd for weo In tthge £ and ie composed of the ma- |
neuvers Incivded in Wligx*s 4 avd & o1th the addidion of 350° {=ft end Right
Stesp Turns.

The ®erltleal mensuvers,™ re.resentlag those mensuvers which are baiug
gtudled, ave designsted by members end zve capltallzed. Ths intesvening ma-
neuvera ara "trenzitieoa mareutarsF" repres senting those raneuvers whosa pur-
poBa is to got the plane inte pogltien for the next critical mencuver.

Order end Depcrivption of ilenwcuvers

i

L. TAXYI: o toke-—off line plus pivo* turn for observation of approaching
aircraft and turn back Inte wind,

2. T:XE.OFPs  dinto wind or as neer a2 oppropriats runwey allows:

3. STRAIGHT CLIN3: level ofl in mccordancs with local requiremenits as to
altitude and disiuncs fron flald boundery.

Transition Mapeuvar A: deperd Ive; aizpert in accovdawncs with local
traffic rules end preocved bo practice arsa. Whils flying to
practice ersa make cariuin that the plans iz properly iriamaed
for streight and levsl ITliznt.

4e 0% LEPT CLINBING TURN & RECOVERY: sntsr from and recover in stralght
climb besdnnivng at signel from cheervsr, and recovering when
50° from dirsctica st eutsy.

Transition NMansuver B: proceed 1o cor-sct locatimm for suseesnding ma-
neuvar attaining 2500 altlivde snd heading into wind.

5. STEEP 2409 LE¥D TUSN: ot 2000 begivming inte wind gud recovering
complstel .

Tronajiticon Manecwer C:  shord aerjght and level flignt aftor rscovery.
5. STEEP jéﬂo RICET TUEN: Ddegdandng inte wind and recovering coopletely.,

Transition Meneuwver D:  slisrd siraipght and lavel filzhd after revovery,
7. HCHRY POVEE-QFFP 5ThLd ARD RECOVoHY:  ofthoub use of silerona,

Transition Mensuver B: redice altltude te 1000 gnd head inio wing,
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Stapdard Flight ¢ - (Ravised 5/15/42)

4, STRAIGHT GLIDE: into wind with optimum gliding apgle, beginning ab
10007 and recovering at signal from obpaerver.

Trengition Maneuver ¥r obtain altitude of 700' and head irto wind.

9. 900 MEDIUM RIGHT TURN AND RECOVERY: at altituds of 7007 end with 45©
bank, sterting into wind end snding in oross-wind direction.

Transition Maneuver (: snort streight level flight at 7007, hending
into cross-wind dirsction.

10, 900 NMELIUM LEFT TURN AND HECOVERY: st aititude of 700¢ and with 459
bank, otarting cross-wind and ending inte wind.

Transzition ¥aneuver H: short siraipght and level flight, st 700!
altitnde, heading into wind. ‘

FCu MEDIZM LEFT TURN AND RECOVERY: at altitude of 700 and with 459
tunk, atarting int» wind and ending in cross-wind direction.

L2
i
.

Trensition Maneuver 1: short straight and level flight at 700, head-
iog cross-wind. '

2. WY ELIOM RIGHT TURN AND RECOVERY: at altitude of 700" and with 45°
Vanl, starting crose-#ind and ending inte wind,

‘Frepeitint Munocuver J: short straight and level [iight at 700¢, head-
tag irwe wind,

*

3, STPRLGHL CLIMBE: {n%o wind with optimum climbiny angle, atarting at 700!
sitltads &nd levelling off at signel fros cbserver.

Tyepaition Jeneuver X1 cbteining altitude of 1000', turn down wind,

1. TALTUHT «ND LEVEL FLIGHT: down wind at cruising speed at sliitude of
000t obteining streight and level flight s soon ae possible
srd mainteining streight and level fiight until cbeerver gives
slgnal Tor next maneuver.

Tranuition‘méneuver L: OUpon instruction from obperver, proceed to cross-
roads sultable for S~turns and rectanguler courme, turning into
wind an route,

. )
315. S-TORNS ACROSS ROAD: begin {nto wind and make first 1800 turn to right
followed by a 130° left turn. End meneuver hesding into wind,

Transition Mansuver M: Upon instruction from observer, procecd to
correct location for entering rectanguliar comrss.
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Standerd Flight G {Revised 5/15/42)

16. * RECTANGULAR COURSE: begin into wind, persllel to ons side of the rec-
tanguler coursa, and maks four turns to left, ending munsuver
_immedistely after fourth turn end when Heading in same direction
a8 at entry.

Transition Mensuver N: after completing rectanguler course, make &
Half-Eight begianing ciess-wind, followed by an Elementary Eight.
Opon completion of Flementary Right, procsed to position for
entry to Two-Bunk Eight,

17. TWO-BANK EIGHT: muls sone complehe Two-Bank Elght with first turp to
' lefi. .

Trensition Maneuver O: upon lustruction from observer, return to sir-
port. Proceed to position appropriate for closing throtile for
1300 elde approach.
18, 130° SIDE APPROACH: closs throttle opposite lsnding spot,

19. FINAL APPKOACH AND LANDING: 1into wind, beginning Final Approach at
lesst 1000? from airport Loundury.

20. LANDING RIN: &t leagt 100" without use of brakes.

21, TURN AND TAXI: to~ deslirsd pecaition.
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STARDARD FLIGHT D

(Revised May 15, 1942, in asccordsnca with ohanges in C.P.T,P. de~
scribed In C.A.A. General Reloase No. 4, "Supplemantary Instructicns
for Civilian Pllot Training Plight Courses, Bpring Session.)

This flight 1s designed for use in 8Sitsge D and 15 composed of the ma-
neuvers incloded In Flights A, B, and ¢ with the addition of Forward Slip,

The "eriticsl muneuvers," representing thoss msneuvers which are being
studied, ere dezipmated by nurbers and sre copitalissd. The intervening
maneuvers are *brenpition mansuvers,” representing those maneuvers whose
purposs is to get the plane into nosition for the next critical maneuver.

1.: TAXI: to take-off line plus pivet turn for cbasrvetion of tyﬁ%amch&ag
airoraft end turn back Into wind.

2. TAKE-OFF: into wind or as nesr as wppropriats rumway allows.

3. STRAIGHT CLLiB: lsvel off in accordance with local roquiremants as to
altit:de amnd distaqce from fleld boundery.

Trensition Meneuver A: depurt from alrport in accordance with locel
traffic rules and proceed to proctice wrea, T¥hile flying to
practice ares muke certuin thut the plane iz properly trlomed
for stralzht and level flight.

4s 90° LEFT CLIMBING TURN & RECOVERY: enter from and recover in straight
climb, beginning at signal from obmerver wnd racovar&ng whan
90° from dirsction at entrv.

Transition Maneuver Bi proceed to corrsci leocatlon for succesding
maneuver .ivoining 20000 altitude end heading into wind.

5. STEEF 3609 LEFT TURN: at Z000' begianing inte wind and recovering
completely. o

Transition Mareuver C: short straipght end level flight after rscovery.
6. STEEP 3600 RICGHT TURN: beginning into wind end recovering completely.

?ra#sition Maneuvar» D: short straight end level flight after recovery.
7. NORMAL POTEN-OFF STALL AND KECOVEKT: without use of ailerons.

Transition Mameuver E: "strefight end level flight ut whatever altitude
obtalned during recovery from stall.



Stendard Flizht D (Revised 5/15/42)

3.

9.

10.

13.

15,

FORVARD SLIP: inTc wivd with 307 left bunk, rescvering at slgnal from
 obzerver.

Tranﬁition Haneuve“ F: reduce albitude to 1000! end haad into wind in
dppropriete positiun for succzeding muneuvers.

STRATGHT GLIDE: - Inte wird with optimum gliding engls, beginning at

1000i and recovering at slpﬁdl from obgerver.

"Trensition Manevver O  shord stralght and level flight at 700?, head-

ing into w®ind.

900 MEDIUM RIGHT TURN AND RECOVERY: a' sliizuda of 700' and with 450
© 7 bank, sterting inte wind and onding dn eross-wind direction.

Tragaitices Mansuver Hy shors striight and leval flisﬁt et V00!, head.
Ing into erosa-wind direction.

90¢ MEDIUH'LEF§ TORN AND RECOVERY: a2t altitude of 700° and with ﬁﬁo‘
benk, sterting cross-wind and ending into wird,

‘Trensition Meneuver It short sfraizht and 1evel f'l;.g"l'b at 700" i ltituda,

hehding into wind.

309 HBDIUM LEFT TURN AND RECOVENY: at altitude of 700! and with 45°
bank, sterbting into wind und ending in cross-wind direction.

Transltion Mencuver J:  short straight and level Flighi at 7001 and with
459 hesding evssc-wind. '

90° MEDIUM RIGHT TURR AND AUCOVEAY: ab eltitude of 70D and with 450
© " bank, gtartlng cresz-wind cnd erding into wingd.

Transition Mansuver K3  short stralght and level flight &t 7007, hesd-
ing wind. 7 )

STRATGHT CLIMB: 4n%o winZ with optimum clinbing angle, startin_ at
7601, altitude =nd ievaling ofF 2t siznal from observer..

Trangition Mancuver Li relntaining altitude of 20007 turn down wind.

STRATGHT AND LEVEY, FLIGHT: down wind a’ crulsing speed at sltituds of
- 1000, obtuining straight sud level flight as soon as possible
and maintzining straight and lavsl flight until observer glves
glgnal for nexd meneuver.

Transition Yereuver M: upon instrucilon from observﬁr, proceed Lo crogg-
roads sultabls for S-turng and ?ectznrular course, turning lntc
wind en route.



APPENDIX B

GENERAL INSTRUCTIONS FOR PHOTGGRAPHING STANDARD FLICHTS

Prapared by

Morris 8. Vitelas
and
Albert 8. Thompson

University of Peansylvinias
Fhlledelpnla, Penagylvanis
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GENERAL InSTRUCTIONE FOR TIOTOGRAPHING STANDARDS FLIGHTS

Field wmork in cormection with R.A.5;5 reserrvh projects at the University
of Pennsylvenia &rnd et Boster has shown lbat motlsg pictures of sufflcient
clarity te permit wicromoticn smmlyidis ver be taken of student performence
during stendard “iighis. qduloiﬂCTJTV rhotogr.phe cen be obhicined 1f the
operator carafully zevvier cut the fellrwine suggesfions based upon practieal
eaperlence 4o dnke:

4. Care of eguiomeni:

dard instrietions. The Bell &

1 - Kgzn coaasra M)
T f'ter each A0GY of fils

Lled sceordtng Lo =2t
s gheovld be olled
ry snd olstll,
-~ Check the camers mound Sor dndicstleons of vibration.
- Reap & good supply of T4lx on atac, 200Y reeie are difficult to
eotadn quickly.
5 ~ “ake pericdic checko of ¢
positions ore corvart aud
and I'reely. .
5 - Zet up dalipits provialsus Por rs-cnevein, batlery ab necscsary
intarvals.
- Yoop ewtew suzpllias o luty oopecielly ovlba fer speilicht,

£
t

I DY

¢ rantrol recorder to see that tae sere
%hab 4e coble system is running cmoothly

-1

B. Belore sach Iiights

] -~ + & - - P

L - Check sovunth o0 el prned o mnTh

- b R R, e 3 ]

< - X Inst-viont yomel e noniss

: U
ey - e - han e, Ay i, P ] s
3 o= sy dens el oghvesge fnomocewfnar wlih ol inad light reading and
¢, Aread
&£ o« o Do ).
2 r — . - . - P iR I * ~ EAg-£Y %
9~ B toore Dt rhiurtly (It wefeas sterilcg Tiignt: as Pinsl coeck.
Co s it g
L Pz orRGLGETaphe
Dou ek
LOALTECT D
LT REpEUVET
rorides T
- P -
¥ .EB‘.& N DI
R ]
gTale, singa
L mansires
Lremhng.
- gy in the

t be FRETLAs
addﬁUF Turns
Brol i from

senha whicll cocur

& QL- mrLiEygvar

Lowibs bhe controls

B
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arcurd the lebier dosig
in the maneuver munbsr

Man.
o,

i
3

)

gt

10

15

3

L.

»a .

CFHCOORODRE B0 fINT0G! A BTG ST4-0 ALD VLIGHT © )

of syblect fp eard holdzp. Draw 2 keavy bleck clrela
aatdng ths fiigat to bs teken. Tipose the wumber 2
iz aﬁicatm « The:n zhoterreph macsuyivs a8 follomae

Place nags eEpd

ama 3

Lot

»f Mspsuver

*
£X

AR,

Po)

- 5% wlotograpied,

~DFF start carers ab begioaiang of Teks-off rur. Leeve crmudy
rulning £5 pline leaves growtd.

giTélIGr;T CLIUB -~ thop camere woem 1000 sltitude is corcned. Changs

ELNBUTET ru;'f"u-a: ty g, (omitbiug muder 30,

l?-J

l-]

309 LEFT CLINSING THRN - atar' cascres jusd beforg signsl we subject
for tuin. ‘..(.;: cepora gfter eonplels ecegurery. Coaege
monewver tumbasr o f icmi*“ﬁ' wurbars 5 ang H 3 e

2
POVER-CYT STRLA & ENUDVERY - sta~b cowers jush el D@"&fa s*tg'ml to svbjzed
for atali. Stop comerz afber tamolete regoveryv. Chenge
number Lo J; ioml t‘i‘i.g;; m.mber* 4)

e

-STASTICET GLIDE ~ shard cemsra i ‘j,__;bef‘ ve signel to anblect for glids.

i
-

Stop cemeve glitesr complets rogovery. Ohenge waber
to 10.

0° HEDIUN AIGHT TCHN ~ aterd cawers Juzit betooy sigan) to aubjest for
torn. Stor csmsrs afber comolele recovery. Chengs muber
o 1 '

09 Yo LIFT. Té.-r;@ «~ ghard camersa
turn., Stop czuesra afts
to 32,

2009 ANDIue LEFT TORHY - starb namer
Wire  BTop cerera
to 3.2 ,

SOC EFDIINL RIGHT TUHN .- atavi czmers just befors slgnal o subject faw
turp. Blep camers giicr gorrnlets recowsrv. Chuzge mumber

2 sigasl Yo wnbiest for

v S

_fSousishs prcovery. Chenge mubay

st Km

Jugt hafan
‘2‘ 157

= 25 geal o subjest for
after o ___;;.La‘e goovery -  Ghangs podwer

3]
e
[~
{5
;_.A.
ot
ﬁ-
VR
I
lﬁ;
i)
z.
Ik

STRLIGHT OLIMB - *-'twt cemese Juet before sigal lo subjzet for wlimb.
Ston camers plter compiste recuvery. CSnange number to 15.

aTﬂéiG‘{T & LEVEL FIOGHY - stard cimera just vefore 3ignal te anbject.
After %Q goconds of 8% ralgnt % wevel Flignt stop oemers.
Chuinge moreuver wubter to id.

S IURRES AURJSS ROAD - nat rhstogrophed.

RECTLRGULAR €OV RC’E - not photogrorhed,

Elen mentary Eight ~ nol photograpked,

1300 APPRCECH - ngt phetorrephed.

FINAL APPLOACH & LARLIMG - mtart cemera &s pilet hecds inte wind from
the final turm. Stop cenere afber sevaral scoonds of
favuding Reu.

LANTING U3 - pertially ghetograsted ag provided ip 10 abowa.

TURH % TAK" - nee photographed.




PEAOEDUHE FOR PHOTOLAAPHING STANDARD FLIGHT £

Pleoces namsz cerd of subject in card holder. [Draw a heavy black circle.
arovnd the letier designabting the Tlighi to be {sken. Expose the nuxber 2
in the mensuver pumber Zadlcator, Then photogreph menauvers as followa:

Ben.
No, BRume of Muneuver

1 TE¥1 - ot photasrapnegd.
% TARE-OFF - otars cemer &3 naglming of Take-off. Lesave camers run-
! .

ning as plepe jecves g’rﬁméo
3 BIRLTGHT GLIMB - 3‘3-&*‘ CELHTH ¥ h::an 100° altitude 18 reached. Chungs
: manguver nunber to 4, [opdthing nudber 3).
L 90° LEPT CLINBIRG 708N - sterl cexera just befors signal to subject far
tura. Ston carers gfter vomplete recoverv. Change ma-
negver purher to j;:c
3600 STEEP LEFL TOEN - sisrt czmers jugt baforg sigpal to subject for
*::umu Bioo canera ihw comniete recovery. Change number
T £, .
6 3500 STELP HICGHT TUSY - stert camers iush before signal Lo subject for
. 3sop cunora after couplels recoverv. Changs aumber
s 7.
POTTHE~OFF STALL & FRECOVEAY ~ siari camers jurt before sigral to zubjeci
for etzil. Sven &E&C"‘“‘i after complete recovery. OChenge
number te 9, {owsiling moaber 3).
3 SIRAIGHT GLILY - stert sezers Just tefors signal o subject for gzlide.
) wtc;c comzve aftes gnplete Tecovery. ﬂ’wnge rnunber to 10.
SO0 200 EuoiUn SICHT TURH ~ start camsoa jusi uef’are simal to subject for
‘s:.v:m, ,*:,p,, ZemeTa aft'-:;n conziale recovery. Changs numbar
e 11,
11 %F} ;:F:J}H‘} i@é‘i g;l;‘é - B3EATh SBME
turn.  Oted cemersm g
e e
e 309 LRDINM LTET TURY - stort cagerw j&iﬁ paforg signal to subject fer
tirrn.  5top pawmara oiter owle Le _*ésaw*_'& Ghinga wosbar
to 13,
13 20° uEOION SICHT TGS o atart canoru Juab belere signal teo subtfect for
turn. Gtop camers alior comalets rsgovery. Cheuge number
to 14.
14 SIRAIGHT CLINMB - start cezaerz: jugi befovs zigeal to subject for elimb.
Sw’.}p camera afier econpiets reogverv. Chuings nusber to 15.
15  STRALGHT & LEVESL PLIGT - stert cesers Just before signsl to subject.
After 3D geennds of Sdreight & Level Flight sztop camera.
hange mansuver mmpber Lo ;f; .
S~-TURNS aCROZE ROAD ~ non phofograsbed : -
FE”T&I%GHM C')Tfrﬁ:t‘ - a3y shetozre nz’rmu.
X‘Q"“ ,.\. l@* - :%il’ﬂ Qt-h -i}”—?« e,
Aw?iimf‘i. - ot =:}:am3m”?sméi,
16 “L‘%Na AP’?FG@

Wi

=

3 ‘u.m bafere signal to sublect for
ftgx ;e te fepovary. GChuangs nuober

=
i

13.32‘55 {43 - atsvt covers 28 gllot hesds into #ind frop the

o
H
o
£ e
i

LALDIRG ROL - pasrbially phetog-aprhkad an provided in 16 abova.
Tf}‘fm & QXI - gt ;ﬂmfwgr QT

S P B T o

ﬁ:::l’. tara, Bty umsrs wfter gevsral secomds of Lending Rum.

=E
T
=




i

~a3

iC

16

v m
c:

- : B o

BEQORFIRE S0k DrdT 00 il LRkel et I

Viazcs nsipe nard of subjoot v caps wiler, Posw a pesvy biack cirels
&

2
wd the lelter dzsiunsting Lie Tlighi in be foken. Expose tns number 2
'tha maneuver puaber mdizstor Pazn Thweinoging

h waneuvers as oallowas

Rams of Mansuver

TAXI - not phvtogrenhad.

TiXE-DFF -~  averd canmsre at cugloning of in
rutniog A8 plare lasves groume.

SToaiGHL CluiB ~ stop canere wren 1007 clditude is reoched. Chuoge
monsuver nozhor ho 4, -omtuj g pomber 27,

90° LEPY CLIUBING TUull —~ start comars :ggi._‘bgf:g;;g; signal to subject For
turn. Stop ceners £ibor comalete ~ecovery. Changs mae
neuver namber to Z.

2600 STEEP LI TUAN -~ stzrd comora Jvel belors signal (o sublast fow
urn, Siop cemers aflisy onoeolste e Chanrge number

0 & .

3%0% STEEP RTL:FIT TOAE - plaed aooers jusb b
UL E‘.i,op DURETE _af (ol
o T

POVER-OFT STALL & RECOYERY - smicud camsra Jimj, sefore signel o subloct
for gteli. Sto 0on cLaere afhar eomniete recovery. Change
nowter to 2.

wa-nif run. Leave cemera

ofora algpal wo subject for

o0 'Ulat raeciery. Chunge number

. Tt i | g

PORWARD SLIP - stext camera Jyrath befare s2ipeal to surlest for slip.
Stop canera slipr Ll Grengs nogner 0 Q.
i

STHAIGHT GLIDE - otard canars J: w sigrel Lo subised 7o ogllds,
Stop camace alvey xCFﬁl-’;ﬁ: *ew::t-'r:m_;a innge awsser ) 340,

9G° MELIUN RIGHT TUHN - eiaot Camera Azt bevore Siznal o subiecl fov
turn . 8 Z.’;wg LELEEE uF ey segniste veeoviny. Lhengs nombow
to Li.

99 MEDIUY IEFT Tuny - subjact for
turn. gtog cemers sftsr o Chergs muster
to 12.

S0° FEDIUR LYEFT TURE - sisrt onoera jusb pefore sigmal o subjseh fov

“burn. Stop camzre alter {‘ng‘.‘.‘et?’ recoverwv. Chenge vusber
te 13.

H0° MIDLUM rICHT TOHN - stert corera Jjust before sipeel to sabjiset lor
tera. Jbop vamera ifter complets recovery. Chupnge namber
to 14.

STRAIGAT OLIME ~ stert cameru Just Lefors sigrnel to subjeet for elivh,

Stop camera 8iter sompists LECOVBIY. Change wumbar to 1%,
STRAIGHT & LEVZL FLIGRT ~ start cauers just before signal to subjleci.

After 30 reccnds of Straigut and Leval Flizht stop camaera.
Gﬁr-mga maneuver nuzber to }_{3_ .
S-TURRS #CROSS ROAL -- not photogranhed.
rL._CTAIuGU]M COURSE - nrai, Uncm;__f:aphm.
.Q—@éﬁﬂ:& EIGHT - not :nﬂﬁtﬂ- aphed.

L1300 APPHOACH - nel photogruphed.

FINAL, APPROACH 2 LANDING - start cemepra &g pilol hesds inte wiad from ths

finel turn. Biop comers =ltsr several zsconds of Lending Ruwm,

RANDING RON - partially photdgraphed a3 provided in 15 =zbova..
TUHN & TAXI - not photographsd.
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H. Heintenoncs of nropsr 2l chesd. 1@ varichis obvlousiy cen
best be reiad t*ﬁ*uuP referencs lo fne ai- speed irdicuter,

7. Dentrol adiusirent, Shia sofars o the conpdinesbios exhibisod
in movemant of tue oonlrol ndenaiase Yo legd mLtﬂ rutdden oy
aileyam, to hold pwlcs: bo esrry top rudder wurlng
& turn, vheiher or ned zet ha nmeiatain ?qnu"&
f»b.ﬂ‘it Auring & $ral td on ilooked for. Spaoith
aeta. P ve nobad Tn o the vardoos annsasrs will bo o giscus ;ud
late-.

3. Adscuacy. i3 e vnhich B atedert per-

f&lmeﬂ the w.rioua zs X hawn Lhe eorrect
amount o beok 11 REIgL 14 pore ousiptalv dulre
ing the slell wanauvers, o o,

LPter insns £ 2ut, the weformanis ghen
ha TataJ Qa3 t. B, oteragrr and EJ wour
£ hhn¢k=5; 202 “ﬂ*tht 0 tha studeat }nuld

coart in bas 3 cmtag s,
3 ”mEW:mmmg.wmepamt

nol to rehe a shydsnt ia

£
It vould Le ex
‘gﬂ-l‘l. jﬂ L‘hp .é. 8;]{3 {\[_\J’L!U hd ?5
al nauga Lo Dard b i PR TN o bl
should be mobad: I ancericdn es to 1h*i
tue exirene enisgories,. thaet 12 e d e Lordevlire, place }im in

the ocebrsme ocslegory. The ratings thesms capn be uade elther st the snd
of firsh, secadc, of third viawing 27 5 siven flight. 1P rade before the

end, subgsduent olservetisn uy cavas scxe ratinga Yo Ye changed. In addition

-
-
=
b
{

the porforvmance should be rated on o two-paln t*"e 3, wnove avarnie, usd
fay beleom av#rage, The alr conditicws showla wlzo s eatan £3 Jacoth, formal,
or PBoughe he retlages should Do rosurdaed an the Lata Steed.

Ko hard and fast 1ule cav be yiesenten repsvding methofs of vicwing the
filmz. Tt i suggested ohat oy thae Flrst viswing the observer iooz partlcoulur-
1y at ‘the turn and benh ,nuicutﬁr arbificiel hovlnon, end control indleaiora,
Then veriationz in air gperd, albilrne, ein.. 2&n b pobed vhils rimning

L he nonfiraosd whgle TURRIBE
. For :r:tm,ve

& FINElaL u’ctjr= T the

re, and then eoofira uerLL“,

the film beclward, snd spacifiu obw'rmdt; S
through forward sgaln. Other syalens ars gas
tre obgerver may find it expedient wo obiz
performznce vhils ronning I4 Shrougs the

tent tive hypothesea regqrhinf the studeniis preloriaiine on o gungriusent view.
ings. The method vsed is relativels wmimpsriras., It 1y joportant; hovever,
that 81 of the sulion® featurss of the FLi/h% b2 wotad. Fror tLis reason e
list of chservotiona perisinin: to ecch of Lhe =ight £24084 weriotles haa
. been prepered o direct She observer's ntisntion axd to Insave coapleie
‘obgervetion of the zalient feuiures of tha perforsence. The iist iz found

at the end of ihe memsel.

Ome further castion saovld be aoded. The Suet toot Wb 8iv ooaultions

2anot be held cocst;nt Foor 221 Llinbts snonld be roalized | apd fuetors such
as rongh air may CRUGA tlong in perfurmreroe wniﬂh are not the faull of

the student. - posgenve of Tovgh alr i thal under sush conds..
viond ths rote of cLlrb dndilestor will fluctuwie freguently, sometlass alucsd



——

St b

wWelly o ankiy & oomell degres.  Sharp movegants of tae
cunliep vointer are 4150 sugrzstive of bumpy edir. Rupid gain

& $tpve for so apperent renson indiastes the prasence of
1L spce ohould alse be Dowe to oy agoles on urnesual air
condl lons reoorand by the adninistretor of tne flizght. 4t the sime of

tae robong, rolan shevdd b3 Rewh of rny vivizuel sir condivices coblaining
o bz time of toae TLI Gotarrined Fror iLhe photegraphs or ron the
Yiiged nodes. Boler ypomin sico oe wede of guecific {xewms of parformencs,

SrTyIT

N . an y _ a - = » - r N
sach & Tlost LREY dw TALY e Zlided eb B8 MPH. ailasror in sinll W ete.
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(d} 8tall
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{e) Biip
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Piarene & bazuasu of-wr- Dupetiosing of artificiel
hovirer dorioe fived smrasver.

c Slixbing
o

Swoathneds of - v
. e
Malnvenanoy b7 BN a4
geov-pey of reocsery aenzelally inperiand

Maindlooerw g 0° 0sse 0w 0o ushoul thrn

S1i7he wavicblions pesmissinis s high or low alr
gpasd rexilts. Also nole wdeiher cortarted.  tha
sheeper the back; Lhe serg veriutlon S8 permicsibla
Eola ¢ivieg in zzcovary. Check oy antizng sir spesd snd
rate of clinb

Pese held coretend furlal clime = ihor Zpan eizadily in-
cvensing donil Lrepk

Arrypt ruli-am undesiacle

fecurney of final recovery; mepecialiy bed 1f nose hligh
QU TOC Tl

Maintenrnoe o anele of gl.de &

Heae should nel e very much beloy Wi

Cheok Y siy gpsedy iF hagrer then &0, i%eﬂ tan sieLp
8 gLiﬁﬁﬁg sngle

L

{f) Macdium Turns

1.
2.

{g} Straipnt

Sh 2t d v oon ror ion shroughout
tight viyieiians pore imgoriant thes in 360%a
zsgecially ke in entry Aanc rocevary, wmlsgs correcicd

U!

. e&&
Ze act& sorvectinng for rainisnansz of altitude, especially
1f trers iz 2 soggzstion of ftharmals
3. Directienai Jomtiel: Tura Imiigator

{2} Take-ofi
1.

Hote particudardsy tendepey Lo c'wngd direction immscistelv
rier lesving grouwsd snd ol golni of toks-off

b
Terunney Lo tarn left periic él:?;r bt

{t) Climbing Turn
1. Nots 1f turn g wrintsipsd or vorisd

25

Parbicuizrly poor 1f rothe oF turn rstuyns to gor



A, o -

{e) 3t00 Steap Turns

-ubB
‘ﬂ
3.

(@) 8teli

{¢) 51ip

P

(f) Medium Turns:

Smoctimess of entry ana Tacovery - reguler or in steps’
dleadiness duricg turn

Hete tendency tc over-racover, directionally; note whether
Y 2 ¥

immedictely corrected

Note cirectional contrel particularly in pull-up
Varigtiong permlsaible ouring diva, but not during
recovery frem Jdive

‘During slip no turn eliowed. Indicator xill tuen right

aurivg eniry, left curing recovary in left bhank slip
Note Lendengy teo over-recovery directionally

particulecly as regurds CvVer-recovery

{g) Strelght
1.

2.

{h) Landing
i

2

L)

3. 1

b

anc Level, Straignt Climd & Struight Glide

No varistion allowatle, excepi us may be cdue to rough azir
Sote teundancy to turn vight when engilne cut, left whem
HPW irerassed. :

Yarl:iions during wpprocch mermissible, due to Mjockey-
tngh srouad Into landing pesition. After leveling off
recchel; no ture permissible

Hote irdins. toer jost Lbelore uwhesls touch zround

tlote furtner tendeucy to turh imaadictely after landing
3light veristions duving landing rus expected

4. 'Tendency to Siip or 8kid: B=li 3erk Indicotor

{a} Take~cff
1.

and Hiraizht Dliab

srpoconststent or coatinuous tesdency had

Hete tnat roupn alr may ceuse slight 7erdations of ballg
rols over-gorvesilon,

(b} 39 L4 {linbing Tarn _
I. Tendenny to silp or okic bud, since extremsly slisht bank
2. Ckiddizg portisvierl;y Wed in clinbing turn

{ed 3609 3ieen Tornc
1.

SL ght :1;uping terceneies da entry not toe bads somewhat
7 J

z agt or siids Gurisg Lurn may be due to rough

nir; weich for immedicts sosrection

Proloenged tendenoy 10 elthe direstion bed, particularly

akkloding

dore wesitation of neid sllowsd tlisn in Bedivin 309 turas

dang us 5&00 turns, except less wvarlztion allowable,

T
z
:




5.

ams 2t Brenk apd duriag Tlrst part of dive

1. Bots zusoiimszs of walry gnl rocovery -

Z. Bebs pertlendsrty Lendency ¥ slid aftar racovery

3, Stemdiness  iner thay poaltlon of el 33 1nportsnt

Lo Check positicu of bell zgaingt sir gpesd snd veve of
2Llimn

(£ G1ids, Ciimb, and Stralght ord Level

Lo Dulyr variatlions guz to sough w1y parwisaitie
2. Hote zoosishent tendencisy

(g} Wedivm 902 Turas

i: In }'—“C—?,.,.‘IEI‘-.«:, same coraenis as ved rding 3507n arcept less
? Y
verdzition = lonahle

{h} Lendings

1. Rote fendsroy o elip amed skid “ﬁ‘ﬁr than thet due Lo
rovch air, wnich 23 oflen cneountered glcse Yo groussd
<. Nota tesdensy particularly auriﬁg leveling-ofl process

Generel: Iu notza dessclils erbant of s2ip or skid in three degrees
2

L. bliblv, Aeee ther hall of bell shewing within lubber lings
2o Moderute: balif cop leas of bl chowing batwssr lubber lines
3, Extremes  22ll more than hell way owver 1o end of tuone.

Lower limii of evireee is woon ball is oub of

the Llubber lioas

Meintensnce of Aibitwde: fltizster

{s)

(b)

{c)
{(d)
{e)

{£)

No observetion necogsary in Teke-ofl, Stralpbl Clinmb, or Birelght
-
Glide

3%0° Steap Turnz
1. Observe 5t 1L1de et baginuing osnd erd, mgwing loss or geling
IE rate oI ¢linb »r nose indicctes mush wrisenion, look
for c%&ng»e of aitituds withip the furmn
7. SQoyrectlion zc la & ¢r zein ia betiter ke Yailuve o do oao
3. Varistion of 50F 9 lu33% not serious

» l”
'--J

Yediuw Turns: Vo losg or aiv sipected

-

. ¥s
Stall: Note wheilher sltitude iz lpsi duming puail-uo
Streight and Level Tia
« No ehange a¥p

3
. torracted cainge Sehipr then nen-corvected

ot gt

Landing: MYerely check o1 bagiondng of filn to see whether the
photogrephs vegin = rir or lute In aoprosch



Pa——y

Bote: Veristiorns In sltiiude may be due to thsrmals; A check cen
be nade by comparing noss position and rete of olizb readings,
teking into sccount ths log in the Rate of Climb Indicator

Air speed: Alr spesd Indicator

[&} Teke-off
1. Nota sir gpasd at point of %&kemaffn-shnuld be higher
the 40 #PH
2. No%a alse indleatiore of leveling off aftﬁr take-of'f;
siaily shown by sir rpsed building up to 60 MPH or more
saon af'ter ciinh begun

(b) Climbing Tuen
1. Indiecations of too sheilow olimb indieated by too great
alr apeed, i.e., higher than in normal climb
2« Latier not g0 serious as oo low g2ir apaed, B.fsy 40
or 48 Mo

{e) 360° Stesp Turns
1. #ir spsel showld De at cru¢aiag or slightly ba&ow; toe
high or low KPH indleates nose high or low
2. Betoh particularly for diving during turm {(eniry or
recovery included)
3. Nors variation is parmitted than in 900 Wedium Turns

{(d) stell
. Bote i air gspeed dvops amnuthly
2. Rote 4f excessive alr speasd bullt up in dive; should
recsin legs than 75 MPH
3. Bhould not leval off with air speed still low (45 HPH)

(e} Slip
1. ALy gaeed during slip 1s waderveatimated, due to fast that
noga i3 at z2u spgle to relative wind, Duednp siip, alr
apeed ghould not be higher then normal for glide
2. Mote periicuvlarly A.8. at recovery from.alip; 1f high
this judicates thet ths purpose of the slip has been defeated -

(£) 90° Hedium Tuens
1o Alr spued ghould remsin ob crulaing, or oniy slightly
. Llowey,
2. Note vurlstions

(g) Glige i
1. 28r apead shiculd aot be over 50 o less than 50
2. Tov low eir spord proiably worse than too high, but latie
allo bed
3. Rota wariations

{r) Climb
1. Nobte pariicularly toe Jow air szpoed (under 56 MPH)
2. Note variztlons



"?8-‘

" (1) Streight and Level
1. 8hould bhe TQ-75 MPH
R+ Note varietions

(3) Landing
1. Air spead during approach should be normal gliding speed
2. At leveling-off should be less than normsl, l.e., under
50 MPH
3. Rote air speed at moment when wheels touch ground

Generel: Rough air indicated by slight and consiatently abrupt variu-
tions in =ir speed :

7. Control Adjustment: Control Recorder

The emphasis is on coordination. Coordination of the controls meuns
that correct pressurses are applied to one or more controls simultanecusly
or in sequence, in such a wenner that the plane does sxactly what the
pilot wants it to do. Thus, if all instruments indicate that the ex-
ecution of a given maneuver i3 satisfuctory, the chences are that contrel
movements were coordinated. If lack of coordination is indiceted, the
specific factors involvad should be noted. In gnnerul, the three pointa
to be noted under control adjustment are:

{1) Tenporai éoordination, 8.8., Were rudder and alleron applied simul-
taneously, was the throttle coordinated with ‘elevator control in
entering the climb, etc..

(2) Over-controlling, e.g., was it necessary to "correct a correction®
for a bump by applying controls first in one direction end them in
the other, or {o apply opposite pres.ures to corrsct far over-
recovery frcm e turn

(3) Specific control hubits, e.g., did the pilot hold right or left
rudder, exhibit tendency to hold @op tudder during turns, ste.

Specific points, within the generul categories shove, to be noted
in connection with given maneuvers ere as followss

(a) Take-off
1. Note rudder action during take~off run. Coneiderable
activity ls usually required, but note temdency to "fan®
or to "walk" the rudder. Little alleron ectivity expected
2. Look for suggestions of raising tail too soon or too late
: and for suggestions of "pulling" plane off ground

(b) Climbing Turn
_ l. Note consistency with which preasures held

(e) a2 turne

1, Note points ocutlined above, pcrtioularly lcading with
aileron or rudder.



2,
ch

’év

5.
(@) stall

*

24
3.

(e) B1ip

L

2.
3.

\ e

Note tendency te hold rudder during turn

1f evident thet altitude guined or lost, noite coerdination
of back pressurs with other comtrols, e.g., point at
which back preasure first applled

Note smoothness with which controls relecsed (Rudder and
Allerons after entry; Rudder, Ailerons aond Elevetors in

resovery)
Note coordination in recovering from bumps

Rote smoothness with which back pressure spplied, and
whather stick full back st breck

Note whether wes used; especlally bed sround bresk
Hote whether rudder correction was eppropriste

Note whether controls were applied amoothly, and pressure
held

Notg if leeds with Alleron or Rudder; latter worse

Hotéd coordinetion on recovery

(f) Climb end Glide and Streight snd Level: 1In all these note wheth&r
vorrections were mede using coordinated movements

(g) Climb and Glide specifically

1.
e

(k) Landing
1.

2.

Note rslztinnships of elevutor movement to throtile
Note rudder ceordinetion with throttle, slight right
rudder as RPN inorecsed, slight left wovement as motor
cut to idling in gliide

Note whether low wing, if any was ralsed by uaing rudder
alone or with alleron
Rote tendency to fen or walk rudder during Lending Run

8. Adsgquacy of exscution

{a} Take-off

P

Adequate sir speed at moment of take-off
Full RPY

(b) 90° Left Climbing Turn

1.

Re

(e} 3500
e

Benk sbout 15°
Hote whether zctusl clinb occurred

Bank of 45-50% expected

{d) Mediun Turna

1.

Bank of 30° expecied



{h) Straight :

w

-
e

2'

(1) Lending
lﬂ
2,
.

)

{e) ut&ll
© "l Bormul stell aclaid ”or=~xrcﬂhu1; osg 0 landing
posifxaﬁg 2ir spacd A0 IPH or less at stsll, stick
farwverd anc toreitle ¢m alier bLressk
2. Rote especially if sicne lncarpletsly stallsd
(f) fip
1. Left bunk expecisd, tut sither OX
2, Bank of 13% supected
3, Dleorgenlized recovery md
- {g). Clizb and Giide
' " le Chenmge of altitnds expaeted uniasa hampm"ea by thermals
2. Low zete of ¢lizh or descent ndicetes fallure to

echieve purposs of mItIuVer
}nf},lﬂ -Jf E,llﬂe nOn Gﬁ Sh@l’@ﬂ or tﬂf) S SB'ﬂ

snd Lewal Flight
ote correctien for Lhuﬂgps of altituie and direction
Hointensnes of s1ltitude end dirzetlon good

Note whsther bounce landlng, or nsuvy landing cccurred
Hote whetiwer correction wes uade for poor landing snd
vhether suudent vrade the correcticn unuided by cbserver
KRote whether plawe wazs under control jJust previeus te
noent of landing snd lmredlztely after.
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Teke-off

- DIRBOT ODSERVATION ANALYSIS

" Comments sn Flizat Performance

m.m‘

Glide

Tura B

Tore L

Turn R

Climp

Landing

Remarks:

Giide
Tfure R Turn L
Turn R Turn L
titsb St.& L.
. {endina
Rowarks:
Taka-off
1. Turn 1ide
Turn R Turn L
Jurn R Torn L
Cligh St.&1.,
Lending

Remerkas
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IRTRODUCTION .

The major Intearest in the University of Psoigylvasis Project wes the
developusnt of measures of over-ell Tlighi performsncs which could be ussd
58 erlterion data. PFor this rsascn, the discussiocn iu the weln body of the
ropert has been lmait@d to an anelysis of the Critorion Reatlumg end the Cri-
tarioa Fiight Scorgs, the aeemwes ricomizndsd Lor eriterion use.

The raling vronadure, however, alsc providsd dnnsot Scerés,l obteined
by sumaing the four ratings on each aspiet of filsng performaﬁaa agslgned
durdng the indupendent ratnng and wn«v:u»vg by rush of She {e3 obgervers,
i.8., Indavendont Ruting T, Thompses, Indevender’ Batdng 1. Pwert, Inde-
pandent Ratling I1. Thoneaon, apd Ind: i it Beding T1, Twart. There were
sight Aspect Sgoras in &l ~~ ¥ing Conlral Suova, Nose Comtrol Score, )
Directionml Contr ") Bcore, Slip-2idd foore. EFltitywle Score, Alrspsed Beore, -
Control ?Dﬁ‘ﬂiﬂat‘ﬂﬂ Scors, end Froouticn (£ f Farsuvers ﬁeorg.

A sep&*gte anelyols of thess dgacael Seorog hes been made aot cnly fer
the seke of oblaiving informabion cencormisg the nepect scorer thenselwven,
but alse bocauze thay are sssenliolly Ppavi-susres” making up the Sritavion
Filipght Sorres and sddlticnal in”vrme;§$ﬁ gunnerning the Fli =h; Scoras - ghould
thus result froem sush a siudy.

e L

This Supplemental Roport, therelore, describss an analysis of the 4 Appach “
georss cnd presents results pertoining to:

&. the relisbility of euch of the Asmect Suores,

b. the inter-correlstlonz emeng tha 2-zezt Scores, ireliuding
& factor analysla of the intur-corrslation matbricss of
Flight & and Flipht D respeetively. '

¢. the relatlonship belyson thoe Aapee) Sceres and the *ibarian
resaures, l.e., the Criterdon Heifoss and the sxdtozion
Fllzat Sceren.

EEL )

g,  the relatlunchlyp betwean Uwe Flight 2 Azpsct Soorss and measures
of Fligut b parforsonen, *

Ag i the cmse of ;;m ﬁrifﬁr%_g<?ﬁishé_3»ur@ap Lhe Tesalis avs brzed

upon tas BoCTOS ef tﬁw ﬁgagﬁcta ot whaw bobh gkt & and Fuight I phebo-

AHALY LD OV Tl ;ﬁ?EfT SCCTED

oy

i

i. %aa&&%i}¢}ﬁ ar e 4 sea?mgﬂsraﬁ, The rellebity of the fupect Szoress
was megsurad Dy @0.bin

avzonias 748 ‘Cor csol aspect) talveen bhe

éfi
)
i
‘ﬁ 5

- L I I R T T I L L Sy [ — - [T A S,

1 . . . . .
Sen daecription of tua eatip wocsdere dn e meln repovh, Pages 12«

ana Puge 19 of the melin Topor.
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_Comnosite I dspect Seore- (;*gaﬁandant 1. Showpson p;us,fwdggggg ent ;,ggggb}

hm Composite IX Asvpact Score {;pdeganaent 11, Themzeon piue Independ
ani 11, Bwart). Since this is essantialwv a split-half techuique, the

fﬂlldﬂi;ity of ithe %total Aspect Score wes estimated by use of the Spearmfn~
Brown Prophscy Formula. -

Table & presentd o cerrcletion coeficiantd and the Spearman-brown
eztiuaves for eanh Aspect Score for sech of the twe flighte. Asalysis - of
this teble revezls the Following: )

i. ¥%ith the excapiion of tiie Altiiude Spore ?Ligﬁt o, tha Composite
1 vs. Composits II ceefficlenta For the s;ngle Aapect Scorep are
statlisticelly significant, being girsater them .443.

2, Zorsidering both Flight 4 and Fiight D, the Aspect Seores for -
Hing Contrel, Noee Goutrol, Di?ectiana;_gggtrul and Sidip-Skid
ars, in gemeral, mowe relisble then those Tor Altliiude, Alr-
Bpoed, Contral Coordiratlon, and ggecution of Menesuversg.

In Fiight &, tns differehce betsasu the highest cncfflelent
{.32 for Fose Jontrol) and the lowezt { .54 for Control Coor-
dimation) elmont ettains ithe 1% level of sigmifilcance. Jsing
the Fa¥ tent, the Critical Ratio iz 2.14, indicating that the
poaitive difference in Tevor of the Muae Contrel Seore would
goouy by chasce ip epprodimately 2 cawes ln 100,

Tho difference Lelxesn the lewest and highest vellatiliity co-
afficleris for PLllgldt O 7.31 for Altituda Scors end H2 for
Sdireciicnal uOﬂL&Gl, raspectively} 1s nignly significani., The
xuapniﬂnally iow “uld&a fer tne £liltude Score may be due
somewhat o the narrow pongy o7 seeovez obtalned, thy nuxber

of step intervels belng only 7. Correctiaz for b+oad cate-
gcria5,5 however, ralges it S0 wmiy .32, .

3. Tae' Tour Azpect Jvores mentiored above (VWing uonurol Nedo
Conirol, Direchicme) Gonirel, end $1ip-8kid) heve Spearm»n-
Bro=m rel;aai]i*y »oef;lﬂiaﬂ»s slpust &5 high a3 the Cri-
terion Flipnt 32ores. The comsisiency of these partloular
Agpect Scores uay be due tu thn fect That they were based
upon refings meds from bhe more seslly read 23d the more da--
pendsbie flight instruments in tne cumerm fieid., DBRoth the
Gyro-Hordsen {npon whish the Wing Contrel and Hdse Gontrol
retings wers beged) anmd She Turn indiostor (upon which the
Divectional Comtryi railngs wera tazed) are "gyre Instru-
wsnts in ecotreat Lo Lhe Alrspsad Indiemtor, Rate of Climd
Indicator, and Altimetar which ace Ma'r prezsure” instrumentas.

pEr — 2 s At kmr B Ak e A P 4T TR AR Sk ok ok e ek i . e P i . P i

3 \
By weens of FTormula 234, Pegs 57 la: Paters and Van Voorhis, op. cit

Com



_ CmmEs .
5 C IRTER-CORRELATIOND AMORD ASLECT SCORES
- B B ! . + -
£ mumL A8 .3 2 m%&ﬁfﬁg 702
i l;' Wigg_ Comtrel .%c:;:m R Y +47 .-J.JC} 5T W82 Leb
2. Rosw cogtrél Boars L P8 T8 LTI B B 7
P3. ﬁ;récuonal Coantul Sesde | R - T 2 R T 2 "
fz,.’ mﬁd;sfmq . _ 29 .37 .88 .54 :
5. Altdbade Seore - R VRRVS QPP
6. Airspeed Scoce - . . . 524
7. Control. Cocvatnution &um D A3
] 8.,;753:&’;11‘510:1 of Meneuvers Soome S -
B Mgkt (8 < 35 i3 £ 3 & I 3
1. Wing Comtrol dcovs T3S LB LR AR JER .80
2. Nose Ocnlra) Senre : AN R - - s U 7
5. Birectionsl Cumbrsl Ssore 35T B8 R W2
_.a;_;s_}fipr-a]!k.’i&i‘&‘;;ore o — N R
5. -VM_"bi_tﬁde Zeors - L k"..70 J5% .56
- 6_; Airai}eéd Score ? __ _ __ o .55 LAB
- 7. Lortrol 'Cuo;'idinatisn -Scors : ' _ o . o T3
- 8. “Bxecution of Meneuvers Scor o ) o -




B. Inter-gorrelstion and Fastor Aﬁniysig_ggmf1egﬁﬂpect Qﬁﬂfeﬂué ";.udv of
the inter-correlistions hWDng the Aspzel Scorsa was made 1o asder o dater.
mine whether the several Aspent Suspes were lﬂ+tﬁf" zad. independent and, if

nct, to idsntify the 1“49*4vzng £ factors involvsd. s

Table B pressnts the Ilater-corrsiailons arong the Aspect Storss for
Filight A end D, respsctively. Inspection »f fhe i‘ule ravaals t“at nl- -
though the intsr-correlatlona are uxfécgeﬂt;} high {especieliy in %ne cass
of ¥light D} to suggest thel sech of the 2ilgnl Aspoct Scores i: mat
meazuring sn independsat aspect of Til”hv naﬂ?grﬁqrga, Thore wna nﬂab&b’
sogetiing other than mera Povsr-zll?® geaerel Lupzscalon delerminlsng the
geparate ratings.? It wus thorsfore decided fo nake & factor ecslysis
of the inter-correlaotion motrices faor Miight a2 ond Fiipht D, raspeciively,
reelizing that the smell nusber of casss Iinvelved (K = 33) Wuuld vrevent
eny de?in~tiva concluglons fror being deawn, The relatively high rell-

sbility of the Aspect 3corss, however, snd Lhe intwnbion to cobiein merely z
2 tantelive ideontifizetion ﬁf e fuectors lovoived soewped Lo warrant the

epplicetion of factor ameiysiz lecimigues %o the Avellable aatg. , 27
\ R TS
The neirices of Intsr-cerrelisiions amen. tha Lsdpe c}_ﬁ greg for F¢ignt - s
A and Fiight D separutely were fastor qnalyﬁa% o thne Thursten Centrold ' -
Method. In ihe casa of each maiviz, bwo factevs wira oxtra actaed, the ax-
tractica beiung verminaied at that polei alncs o211 of the azoopd factor
regiduais were within ome siandard srrer of @ correiation coefficient of

zere {.17 in the case of an ¥ cf 33}, _ -
Slnce ip gach mairix only tmo fuctors were Lrvolved, the cneflgura- o4

tlon can bs represented graﬂh‘rallw un a plense nufase.  The plotiicpa of e

the centroid lowding for ihz Flight 4 watelr, and for the Tiight D mateis

are preszented in Filgures L ond 2, pwc te;vg ahown on nege 190, :

inspectlion of Figare 1 iadicsates that In sha
varisbles fall intoc twe distined clusbers. Agps
{Nose Control Scorg, Alitituds Scorn. sad Alriceza
snd the romalning Aspect ucurj“ renatituts the
the cese of Flight T, wiilie not o cizar, 2 shil AT
and & (Altitude Score enc Alrepsed Baorel eun be censidered
& cluster, with Aupect Seors 3 (Diveciional Jmmbrel ficere

-

;’ 50‘11 JE:L;.,; Uhﬂ B "f,:l:
rz 5}‘ and 6 _ -
& one c“uatﬁ?,
g “ﬂbtmﬂn in o
5ot Deores 5O .
i a03135¢n+ , =
LRty [ :!, v g hebwoen - o
the two clustecss, o

s
n g
';m

& .j

o e e e e e i B . e B iy P Ml - LM L S g, P4

4 et o e £ . , o
Bpscisl ackporledrsent is made to Fdwin 8. Esert for his aid ip the -

conduct of the fector ansiysisg, -
£ " - . ) . ; Lz
"It should be recsilsd that the asvect rutings were mude coneurvsallr” L
with the sver-all ratings. {See ¥age & of the zain rrpoFt., Ia feot, the ol
aspect ratings were originally irsceded %2 ba merely “short-hend notes® to L

aid in arriving et the over-gll ratisg erd tholr uge as deis for compuiing S
Lopect Seores wes nct contemplated at ihe time the Flight D ratings weve ;

wzde. The uze of the &8g$rb ratings in order to compute peoTes was soggested . o
~v Dr. Jack ¥, Dunlap of bhe Naticnal Reseereh Councli Commitiee on Selection 13%

i Traipiag of &ircreft Pllots. -
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C. Relationsalip between aspect Scorse snd the Criterion Neesurss.

1. fCorreistion with Criterion Flight Scores. The relationship be.
tween the Agnect Scores ezvd the total score -of which they ware

& nart was determined by correiating the Aspect Scores with the
Griterion Flight Scorea. The relevant data are pressented in

Table D, Correletion beiween Aspect Scores end Criterlon Fiight
Sgores.

T e correlations between Aspect Scores und the Critarion Filgnt
- Secores are, of course, spuriously high since the Criterion Flight
figore is the of the eight Jdpect Saores and thue insludes the
cole %}ﬁnp eorreloted with i1t,4 In addition, the spowns af
{ntereorrsiation among the Lppeet Seores prevants ihesc
correlations from beiag Interpreted az measures of the anlcus
contribution of the Aspsct Scores to the Criterion Fliznt Scors.

.That the cifferencer swong Agpect Sgores in amount of correiation
b« tween the aspect Scores and the Criterlon Flight Scores are due
n;t morely to the differences in mesns snd Atandard fsvietions
' tne distributions of Aspec> Scores 1s evidenced from the fact
4nut when the Asnect Scoren sre renked aczording to the ohtalned
correletion with the Critericn Tlight Sccre, the renk order ls
sractically the eeme ms= that abtained whar thoy are ranied
uccoxding to the obtaired correlation wizh the Criterion Flighy
Geore Mirug the Aspect Ltors. In the Latber cuge, the mean and
standard deviztion of the dlghritution of the ssecific Aapect
sore hus no effect on the toies score with which 1t is being
corrolated.

Av exeminetion of iable D, nowever, reveals that, considering
tokh Plignt A wnd 11 ;lgk % Iy the alagle Agpect Scorgs which best
pradict the Criterion B igﬁt;g‘:rea are Control Coordination,

faezution of laanjg_wars, &na Dir-ect;lgnal Gontr(}}. The lecat pre-
rilptive are Sllu-Hkid and Altitude.

r’\

‘akie D salso presente the correlationa between eack of ths Aapect
9Gores ano the sum of the other ggggg Aspect Ocorep. These coefficlents
ware cosputed by means of Formule 136, Page 217, in:

Paters, L. L, and Van Vocrhis, W. R. Statistical Pro r d The
Mashep tica. DBeges. idew-York: MeGraw-Hill Co., Ime., 1940.

%1t was conseldered unnecessary, becauae of the small X end the number
of va:iiables involved, to determine their relative contribution to the total
score by mweana of a multiple correlation technique.
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TaSLE &
COMPARIZON OF ASPECT SCORRS WITH ORITERIOR RATINGS

Bigerisl r Betwssn Storea and Over-ALl Relirzs When
Groupad as Follows: {4»B) versus ()
{G} versus (L)
{8} varsus (B:C}

¥iight & Fiight D

Score (a4B)-{CY U - L {&)-(B:+0) {a4B)-1C) T - L (&)-{840)

’ e 24-9 1736 9 -24 R4 -9 1815 8 - 25
Wing Control Secors 0 R .87 B4, 77 Y
Nase Control Score 51 L5 sl T .29 S
Directional Control .72 64 -89 52 42 .85

Score ' . i
Slip'-ﬁkiﬁ Score a?s -75 ael? nﬁs e6§ 083
iltitude Score 49 .53 LT . 75 .75
Arspeed Score .35 3 L7 69 S 6D
Control Coordination .84 .50 -3 RIA 1.00 .99

Scors _
Execution of Meneu- .81 .20 .86 .83 .95 .85

vere Score
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COMPARIEON OF FLIGHT A ASPLCT £CURES AND FLIGHT D PERFORMANCE

b. BScores on Flight A vs. Oriterion Retings Flight D (Biserial rta)

Griterion Rabings Flight D

Scores on Flight 4 {B4B}-{C) U =1L (A)~(BsC)
| Bo_24-9 18-15 8-25
1. Wiag Contrcl Score A .53 55
2. Nose Control S:cers .20 .23 <03
3. Directiénﬁl Control Scors .62 «57 o7
b Slip—S#id Scors 43 28 40
5. Altitude Score _ .01 13 .07
6. Alrapoad Score s ) -.12 16
7. Control Coordination Score . .5 ' 43 40
8. Execution of Muneuvare Score | .30 .31 <23
9. Criterion Flight Scors . %3 o4l «38



"TABLE P (Cont'd)
COMPAKRISON OF FLIGHT A AND FLIGHT D

B. Scores on Flight A vs. Criterion Flight,scorés on ?light-b {Peacson r'g)

Flight A ' Fight D
1. Wing Control vs. Criterion Flight Score
2. MNoss Control Scors v8. Criterion Flight Score
3. Directional Control Score we. (riterion Flight Sc?re
4. &1lip~-5kid Bcore va, Criterion Flight Score
5. Altitude Scora ve, {riteriom Flight Bcor§
6. Airsp;cd Score va. Criterion Plight Score
7. Control Coordination " va., Criterion Fligh@ Scora
8. Bxgzzizon of Maneuvers vs. Criterion Flight Score
9. ,crf::::on Flight Score ve. Criterion Flight Score
C. Aspect Scores Flight A vs. Aspect Scores Flight D {Pearson
Flight 4 Flight D
1. Wing Ceatrol Score vs.. ®ing Control Scors
“. HNose CcntrollScore va. Nose Control Score
3. Directional Contral Score ws. Directional Control Score
4. Si1p-5kid Score - va. 5llp-8kid Score
5. Altitude Scare vs. Altitude Socore
6. Airspeed Score vs. 4irspeed Score
7. Contral Coordinaticn vs. Control Coordination
, Score ) . Score
8. Execution of Maneuvers vs, Execution of Meueuvers
3cora Score

*
L

47

ris)

=t

.50
020
.37
.31
01
.07
45

.53

“With K = 33, coefficients .443 or sbove are significant at the

1% leval.
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Table 7.

1.

2.

3.

-9

} Aspect Scores. The resulting ceefficlents are presented in

Correlation with Flight D Criterion Ratings (Teble F, Section 4).
The oniy biserial r's appreaching s satizfactory degres of signl-

ficance are those bstween the Wing Coptrol Score of Flight 4 and
the (A} ve. (B+{} grouping eccording to ¥light D Criterion Ratings
{+.66}, snd between the Directionsl Conirel Seore in Flight 4

and the {i+B} vs. ({C) grouping in Flight D {é,32§¢ Thase two
vaelues suggest thet those pilots exhibiting good wing control in
Flight X tended %o be given high over—all ratings in Flight D

and thoss exhibliting pour directional control in Flight 2 tended
1o be rated Jow for Flignt D performance sa & whole.

Correlation with Fligh® D Criterion Flight Hcores (Table ¥, Sec-
tion Bj. TPive of the sight Aspect Scorege of FPlight A exhibit &

astatistically significent relatlonshlp with the Criterion Fiight
Scores of ¥iight D. As 1n the Aspect Score -— Crlterlon Rating
comparison, the highest relationship is exhilited by the Wing

Control Score.

Gorrelation with Flight D Aspect §goré§ {Table ¥, Section C).
Three of the correlations between Flight A und Flight D goores

on the individuel Aspect Scores are statistically significant,
viz., Pipg Control Score, Control Coordination Score, end Exe-
gution of Maneuvers Scorg.

Even the significent r's, however, are pot sufficiently high
to suggeat that amy particuler aspects of flight performence

are wnuauelly consistont from initiel to final stage of pri-

gary C.P,.T, Plight Instruction.

-
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SUMMARY AND CORCLUSIONS

During a rating and re-rating by two independsnt oblu"ms of photo-
graphio records of flight performance taken during Stage 4 and Stage D of
a group of 33 atudent pilots, ratings (on a five~point scale) of eight

aspects of performance wers asaigned by each of the two observers for sach
flight for each subject. An snalysis of Aspect Soores, computed from these

ratings, revealed the following:

1. The Wing Control gScorg, Hoge Contrel Scors, MQA%&
mmd t wers more consistently relia for

s

4

than were the other scores — Altituds Score,
ontrol ation Scors, and Zxecution of

dUOS CLLIMA B

Adzanecd fScore
Naneyvers Scorg.

2. The eight aspecta of performance, separately rated, are not
indepandent and ynitary. A factor analysis of the inter-corre-
lations among the Agpect Scores indicated two faotors, tenta-
tively identified as "Coordination of the Controls* and
"Longitudinal Control.® 8incs the two factors wers correlated,

& third influence may be affecting the separate ratings, probably
& "general i{mpreseion” of the flight as a whole. ’

3. The
B6AJUres

i~y P

4+ A8Dech Scoreg on Flight A performence (during Stage A of C.P.T.
primary flight instruction) are not highly predictive of Flight
D parformance (during Stage D of C.P.T. primary flight instruo-
tion). In verious comparisons, however, statistically signifi-
cant prediction was obtained most consistently in the case of

The linitations of the study {due to the small number of cases in-
volved) do not permit any definitive conclusions as to the value of the
separate jspect Scorep for diagnostic or predictive purposes. On the
basis of the present information it would sesm most practicable to use

mw and Criterion Flight Scoreg (desoribed in the mein
report) as the criterion nmesasures and to consider the jpgpect Scorps as
-a source of information concerning the nature and characteristies of

thess criterion measures of over-all flight performance.
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